
Human serum albumin labeled with oomTc(99mTc@
HSA) is a valuable radiopharmaceutical widely em
pboyed for static and dynamic imaging of vascular
spaces. A convenient method for preparing this agent
electrolytically is maiketed commercially in kit form
(1 ) . The electrolytic method of preparation routinely
yields binding efficiencies* (BE) in excess of 95%,
as determined by thin-layer chromatography. Occa
sionally, we have encountered low BEs of 40â€”60%
for which no obvious cause was evident. A review
of our quality control records for the last 12 months
revealed that all of the unacceptable preparations
(BE < 90% ) had been prepared with sodium per
technetate obtainedi from the initial elution of a
9OMo@9ftmTc geneiiat@r. Some contaminant present

in this first eluate wa@thought to be responsible for
the unusually low labeling efficiencies.

Molybdenum-99 decay results in the formation of
either 99Tc or Â°Â°@â€˜Tcatoms, and decay of the metas
table 99'@Tcisomer also results in the formation of

* For ascending chromatography of mTc.HSA on Gel

man instant thin-layer chromatographic media type SG, 85%
methanol solvent, the binding efficiency is defined as

BE â€” â€œTccounts at origin@ 100%
â€” Total mTc counts on strip

90Tc. The initial eluate of a fbMo@ftomTcgenerator
(usually obtained on a Monday) contains a much
greater number of Â°9Tcthan OOmTcatoms. We hy
pothesized that these high concentrations of Â°Â°Tc
atoms were producing a carrier effect. The following
study was undertaken to test this hypothesis.

MATERIALS AND METHODS

1. Thirty Â°Â°â€œTc-humanserum albumin kits (New
England Nuclear Corp., North Bilberica, Mass.)
were prepared following the manufacturer's instruc
tions. In order to minimize the 9Â°Tccarrier effect,
the eluate was obtained within 6 hr after a previous
elution. Fifteen millicuries of fbmTc_sodium pertech
netate obtained from a 500-mCi Ultra-TechneKow
FM generator, containing a maximum of 2 X 10's
technetium atoms, was used for each 99@'Tc-HSAkit.
One-tenth milliliter of 25 % human serum albumin
(Armour Lot M6721 1) was added to each kit. In
order to examine the effect of increasing amounts of
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Accumulation of daughter Â°Â°Tcin o9Mo@.D9mTcgenerator systems may ad
versely affect the preparation of certain Â°Â°â€œTcradiopharmaceuticals. In a
study of the effect of â€œcarrierâ€•technetium on the radiochemical purity of
DDmT@human serum albumin, varying amounts of 99Tc were added to a
commercially available electrolytic kit. The maximum amount of 99Tc that
could be added to such a kit and still maintain radiochemical purity above
90% was about 3 X 1O'@ atoms. When kits containing 1016 â€œTcatoms were
electrolyzed for the conventional 42 sec, the radiochemical purity was only
50.8%. However, when the electrolysis time was varied, it was found that
electrolysis for 80 sec yielded a product with greater than 90% radiochem
led prarity. Four solutions to the problem created by tha Â°9Tccarrier effect
are described.
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99Tc carrier, dilutions of 99Tc in 0.9% NaC1 were
prepared from a stock solution of NH499TcO4 (New

England Nuclear Lot 1741 ), which contained 3.53
x 1020@9Tcatoms(1mCi). Carriertechnetiumwas
added to each kit in amounts ranging from 1013 to
1018 atoms. Prior to electrolysis, the volume of each
kit was adjusted to 6.0 ml with 0.9% NaCl for in
jection. Each kit was electrolyzed for 42 sec at 100

mA and then allowed to incubate for 30 mm before
buffering.

Radiochemical purity was determined for each
i)9mTCHSA preparation soon after buffering, and
the results were confirmed by protein precipitation
of the final product with 25% trichboroacetic acid.

2. In an effort to prepareDftmTc@HSAwith bind
ing efficiencies greater than 90% when 1016 99Tc
atoms were present, we examined the effect of in
creasing the electrolysis times. Twenty commercial
kits were prepared as follows. Fifteen millicuries of
99mTc.sodjum pertechnetate and 0.1 ml of 25% HSA

were added to each kit as in Experiment 1. After
the addition of 101699Tc atoms, the volume of each
kit was adjusted to 6.0 ml with physiologic saline.
The electrolysis time was varied over 42â€”150 sec.
An incubation time of 30 mm was employed before
buffering. The preparation corresponding to the
shortest electrolysis time required to produce a BE
greater than 90% was passed through a 0.22-sm

membrane filter (previously treated with a 5.0%
solution of HSA) to test for a filterable colboid.

RESULTS

1. The BE of 99mTcHSAexceeds 90% up to the
point where 3 X I 015 99Tc atoms are added (Fig.
1) . Any additional increase in the number of 99Tc
atoms produces a striking decline in BE. At 10@
added 99Tc atoms, the BE fell to 50.8% , at 1017Â°9Tc
atoms, it fell to 10.8%.

2. Figure 2 showsthe results obtained when 99â€•Tc
HSA preparations containing lO@99Tcatoms were
electrolyzed for varying periods of time. An elec
trolysis time of 80 sec yielded a BE above 90% . In
addition, 99.4% of the activity in this preparation

passed through the 0.22-@@m membrane filter.

DISCUSSION

Reagent deterioration or compounding errors may

yield O9mTc radiopharmaceuticals of unacceptable
radiochemical purity. Low binding efficiencies in

NUMBER OF â€œTcATOMS

FIG. 1. Bindingefficiencyofâ€œ@mTctoHSAisplottedasfunc
tion of number of @Â°Tcatoms (log scale) added to each kit. Dupli
cate determinations were run from S X iO@' to 5 X 1O@ added
â€œicatoms, and average binding efficiency is shown. â€œBreakpointâ€•
in resulting curve is at approximately 3 X 10@'added @Tcatoms.
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FIG.2. Bindingefficiencyof @mTctoHSAisshownasfunction
of electrolysis time for 1O@@added â€œÂ°Tcatoms. Each data point is
mean of two determinations. Binding efficiency above 90% is first
achieved at 80 sec.

in a cardiac flow study : in these instances 120â€”160

mCi of sodium pertechnetate was added to the elec
trolysis kit. On other occasions, however, up to 350

mCi of NaÂ°t@â€•@TcO4has been added with no loss in
radiochemical purity (BE > 95 % ) . Thus, radio
activity alone did not appear to be the limiting fac

tor. Further inspection of our quality control records
revealed that in each of these four preparations the
pertechnetate used was from the initial elution of a

500-mCi O9Mo@@DOmTcgenerator.
Although the detailed chemistry of the electrolytic

method of preparation is a matter of some debate,
there is little question that an equivalency exists be

tween the amount of zirconium ion produced at the
anode and the number of 99Tc and @nmTcatoms re

duced. When a 99@'Tc-HSAkit is prepared according
to the manufacturer's instructions, approximately
I ,000 /Lgof zirconium is dissolved at the anode.@ In
this System the technetium must first be reduced by

which the above factors cannot be implicated usually @zirconium to label the HSA efficiently (2) . A con
remain unexplained. In the past we have occasionally
encountered unacceptably low BEs when preparing

. * From Faraday's law, the amount of Zr dissolved may be
ft9mTc_HSA In each of the four unacceptable 99@Tc- calculatedas follows:

HSA preparations encountered in the past year, the 22.805gm/gmequivalentwt ZrX 0.1A x 42sec
radiopharmaceutical had been compounded for use@ 96,483 coulombs/gm equivalent wt.@
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taminant present in the initial generator eluate was
incorrectly suspected as the cause of the observed
low BEs. If one assumes that a generator delivered
for use on Monday has not been eluted for up to
96 hr, then, as Lamson et al. (3) have recently
shown, approximately 95% of the technetium con
tamed in the initial eluate will be Â°Â°Tccarrier. The
effects of such a high proportion of carrier 99Tc can
readily be shown in any system requiring the reduc
tion of OomTc in the presence of a limited amount
of reducing agent (4). We estimate that in using the
initial eluate of a 500-mCi generator, up to 10@Â°
99Tc atoms could be added to a D9mTcH5A kit. As
Fig. I shows, a BE of only 50.8% would then be
expected. In this situation much of the reducing
capacity of the zirconium ions is wasted on 99Tc
atoms, and to this extent zirconium is not available
for reducing the 99@'Tc.Each milligram of zirconium
appears to be capable of reducing about 3 X l0'@
technetium atoms.

Our observations suggest that when the manufac
turer's instructions for the preparation of OOmTc_
HSA are followed, no more than I015 technetium
atoms (both â€¢99Tc and ftI)mTc)should be added to
any kit. Binding efficiencies in excess of 90% can
be anticipated if this recommendation is followed.
The following formula can be utilized to calculate
the volume of eluate@ ) that will contain a total
of l0'@ technetium atoms:

V â€” 1015(V)
max â€” (A0â€” A@)(1.282 X 1016)'

where V is the total volume (ml) of eluate; A0 is
the 955Moactivity (Ci) at the time of last elution;
A@is the Â°9Moactivity (Ci) at the time of present
elution ; and I .282 X I 0'@is the number of techne
tium atoms formed per curie of 99Mo decay. Of
course, V,1111@should never exceed 7 ml, the maximum
volume of eluate compatible with the design of the
1â€•â€•Tc-HSAkit (New England Nuclear Corp.).

CONCLUSIONS

Four solutions to the observed 99Tc carrier prob
lem are suggested, all of which limit the amount of
Â°9Tcadded to a kit:

1. When preparing ft9mTc.HSA, avoid using the
initial eluate from Â°9Moâ€”99@'Tcgenerators.

2. If the initial eluate is used, the maximum rec
ommended volume (Vm5x) should be calculated. For
a 500-mCi generator with an initial eluate of 1,000
mCi/20.0 ml, Vsssaxwould be only 0.69 ml or 34.5
mCi, assuming that 92 hr had elapsed since the man
ufacturer last eluted the generator. The calculated

@ would be exceeded if the maximum of 100 mCi
of 99fhTc@pertechnetate, suggested on the package
insert, were used. A 99mTc_HSA kit prepared 6 hr
after elution with I 00 mCi of this eluate would ex
hibit a BE below 60% (Fig. 1, 5.8 X 1015 99Tc
atoms).

3. Pre-elute the generator to remove the accu
mulated 9ttTc atoms.

4. Electrolyze the 99@'Tc-HSA kit for 80 sec,
which will obviate the carrier problem under the
worst possible conditions. Note, however, that the
possibility of colloid formation could limit this ap
proach.
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