
A methodfor producingprotein-iodination
grade 1@3Isuitable for use with a compact bio
medical cyclotron is reported. The preparation
of highly iodinated fibrinogen (25 1537 atoms
per molecule) is described, and its successful
use as a thrombus-imaging agent in experimem.
tal animals is reported. This new agent clears
from the blood faster than conventionalradio
iodinated fibrinogen and gives higher thrombu@
to-blood activity ratios Thus, the detection of
deep-vein thrombi in areas of large blood pool
is enhanced, and images can be obtained sooner
after administration of the radiopharmaceutical.
Induced 4@8-hr-oW femoral-vein thrombi in

dogs can be well visualized with a scintillation
camera as early as 4 hr and as late as 15 hr
after administration of 1 mCi of 1531-labeled
highly iodinated fibrinogen.

Radioiodinated fibrinogen prepared at moderately
high levels of iodination has been investigated as a
potential agent for detecting deep-vein thrombosis
(1 ) . When injected into dogs 4 hr after induction
of femoral-vein thrombosis, radioiodinated fibrinogen
(containing 25 iodine atoms per molecule) gives
thrombus-to-blood activity ratios double those ob
tamed with conventional radioiodinated fibrinogen at
24 hr after injection (1). The shorter biologic half-life
and lower blood-background activity of the highly
iodinated form suggest that it may be more useful
for detecting thrombi in regions of large blood pooi
and that detection may be possible sooner after
administration. We have evaluated this new agent
for in vivo visualization of thrombi with a scintilla
tion camera.

The good decay characteristics, 13.3-hr half-life,
and low radiation dose of 123! make it well suited
for nuclear medicine imaging. However, protein
iodination-grade 123! is not available commercially,

and most reported methods of producing 123! for
radiopharmaceutical preparation use the indirect
123Xe-decay route, which requires large cyclotrons
(2â€”5). This communication also describes the pro
duction of protein-iodination-grade 128!by a direct
method compatible with small medical cyclotrons
and an electrolytic method of preparing the 123!...
labeled highly iodinated fibrinogen.

MATERIALS AND METHODS

The 123! is produced and isolated by a modifica
tion of the method reported by Silvester et al (6).
Approximately 200 mg of powdered antimony metal
of natural isotopic abundance are wrapped in a thin
aluminum-foil packet and bombarded with an 8â€”10-
@Abeam of 26-MeV alpha particles in the Wash

ington University 54-in. cyclotron. Iodine-123 re
sults from the reaction 121Sb(u,2n)@I.

After the bombardment, the 123!is distilled with
a Bantam-Ware apparatus (Kontes Glass Co., Vine
land,N.J.), consistingof a 100-mlthree-neckround
bottomed flask as the still pot, a 25-ml pear-shaped
flask as the receiver, and a distillation head employ
ing a vacuum-jacketed Vigreaux fractionating col
umn and a water-jacketed condenser. The still-pot
contents are stirred with a magnetic stirring bar, and
the receiver is kept in an ice bath. First, the intact
foil packet is placed in the still pot with 10 ml of
9.0 M sulfuric acid. Gentle heat is applied with a
heating mantel to dissolve the aluminum. Twenty
milliliters of concentrated sulfuric acid are then
added, and the mixture is heated vigorously to dis
solve the antimony. After the still pot is allowed to
cool briefly, carrier sodium iodide (50 @g)is added,
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and 20 ml of 0.5 M sodium nitrite is slowly added
dropwise to the mixture. The still pot is then heated
to boiling, and 10 ml of distillate is collected. The
distillate is extracted with two 5-mI portions of
CC14, and the combined CC14 extracts are back
extracted with 2 ml of 0.1 N NaOH. The NaOH
solution is evaporated to dryness at 50Â°Cin vacuo on
a rotary evaporator. The residue is reconstituted and
neutralized with 200 @lof 1.0 N HCI, at which time
the 1231is ready for use. To determine radioisotopic
purity, samples were examined using a 50-cm3
Ge(Li) detector coupled to a multichannel analyzer.

Canine fibrinogen is isolated from pooled canine
plasma as the BlombÃ¤ck 1-2 fraction (7) . Highly
iodinatedfibrinogen(25 iodineatomsper molecule)
is prepared by a slight modification of the reported
electrolytic technique ( 1 ) . Briefly, the labeling mix
ture consists of a solution of 4 mg fibrinogen and the
purified 123! in 4 ml of 0.02 M sodium barbitalâ€”0.15
M sodium chloride buffer, pH 7.4, giving a 30:1
ratio of carrier iodide to fibrinogen. An anodic po
tential of +0.4â€”0.5 V, measured against a saturated
calomel electrode, is employed at a current of 10â€”20
@A.The labeling reaction proceeds at an efficiency

of about 60% /hr and is allowed to run until 85â€”
90% of the radioactivity is bound to fibrinogen. The
1231-labeledhighly iodinated fibrinogen is separated
from the free 123!and other components of the re
action mixture by precipitation with 30% saturated
ammonium sulfate and is redissolved in 0.02 M

tris(hydroxymethyl)aminomethaneâ€”0.l 5 M sodium
chloride buffer, pH 7.4. Isotopic clottability is deter
mined by Regoeczi's method (8), and the rate of
blood clearance in dogs is determined by previously
reported methods (1).

A thrombus was induced in a femoral vein of each
of four dogs by the technique of altering the intima
with an electric current (9). One dog each at 4, 5,
7, and 8 hr after thrombus induction was injected
with approximately 1 mCi of â€˜23I-labeledhighly iodi
nated fibnnogen from separate labeling reactions and
separate cyclotron runs. Thrombus imaging with a
scintillation camera and midenergy (400 keV) col
limator (Radicamera, General Electric Co. ) was
performed 4 hr and 15 hr after injection.

RESULTS

The above method of producing iodination-grade
123! is simple and efficient. Cyclotron yields of about

300 @Ci/@@@Aper hour are obtained. Gamma spectros
copy shortly after bombardment indicates the pres
ence of about 2.0% 124! and 0.6% 126! The total
preparation time after bombardment is about 3 hr,
with an overall isolation efficiencyof about 60%,
corrected for decay.

FIG.1. Scintigramobtained4 hrafterinjectionof 1 mCiof
â€˜@l-IabeIedhighly iodinated fibrinogen in dog showsthrombusin.
duced in right femoral vein 8 hr before injection.

FIG. 2. Scintigramobtainedin samedog15 hr aftertracer
injection.

The 123! is then suitable for protein iodination.
Radiolabeling of fibrinogen with these 123! prepara
tions by the iodine monochloride (10,11 ) and lacto
peroxidase (12) methods is possible (13) . However,
for the preparation of highly iodinated fibrinogen
the electrolytic method is most appropriate (1 ) . The
modifiedelectrolyticlabelingreactionreportedhere
proceeds faster than that previously described (1).
A labeling efficiencyof 85â€”90%, corresponding to
incorporation of about 25 iodine atoms per fibrinogen
molecule, is obtained in about 1.5 hr. These prepa
rations have an isotopic clottability of 70â€”75% and
clear from the blood with a t112of about 35 hr. An
extensive study of the physicochemical properties
and in vivo behavior of highly iodinated fibrinogen
has been reported previously (1).

In the four dogs injected with 1231-labeledhighly
iodinated fibrinogen, the thrombus was readily vis
ualized each time. None of the induced thrombi
failed to accumulate the radiopharmaceutical, and
all areas of abnormal accumulation were identified.
Figures 1 and 2 show representative images obtained
in the dog with the 8-hr-old thrombus. In Fig. 1,
taken 4 hr after injection, the thrombus is clearly de
lineated despite fairly high blood-background activ
ity. In Fig. 2, taken 15 hr after injection, the blood
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background activity has dropped considerably and
the thrombus remains readily apparent. The urinary
bladder activity in these images does not interfere
with visualization of the thrombus.

DISCUSSION

Several methods of 1231production have been re
ported and compared in recent years (14â€”16). For
production of large amounts of 123!the indirect route
involving 123Xe decay is probably the preferred
method (1 7â€”19) , but this procedure requires a large
cyclotron, available at only a few institutions. Most
methods reported for preparing 1231-labeled corn
pounds of biologic interest employ the 123Xe-decay
technique to effect recoil labeling directly (2,3) or
through the intermediacy of ICI (4) or KIO3 (5).
On the other hand, the method described here for
123! production employs the direct 121Sb(a,2n)1231

reaction and is suitable for the more commonly avail
able compact biomedical cyclotrons. The 123! isola
tion and purification process reported here yields a
material suitable for high-efficiency iodination of
fibrinogen and presumably other proteins [previous
reports of similar techniques do not mention protein
iodination (6,20)]. The radioisotopic purity of the
present 123!preparations is similar to that reported
by other investigators for the direct antimony reac
tion, where 1241and 1261are the major contaminants
(6,21 ) , although our purity is not as high as can be

obtained by â€˜23Xedecay (4,19) . Use of isotopically
enriched 121Sbfor the present preparation would also
increase the 123! purity (14).

Our previous studies indicated that highly iodi
nated fibrinogen has advantages over conventional
radioiodinated fibrinogen for thrombus detection
(1 ) . The present work shows that, when labeled
with a suitable iodine isotope, highly iodinated fi
brinogen can be used to visualize thrombi with a
scintillation camera. Although conventional 1@I@
labeled fibrinogen has been reported to be useful in
detecting thrombi by scintiscanning (22,23) , its slow
blood clearance and resulting high background ac
tivity may lead to insufficient differentiation between
thrombus and blood, at least for several hours after
administration. Highly iodinated fibrinogen has been
shown to produce high thrombus-to-blood ratios in
4-hr-old thrombi (1 ) . The thrombus-to-blood ra
tios in older thrombi maynot be ashigh, however,
if highly iodinated fibrinogen behaves similarly to
other thrombus-localizing agents in older thrombi
(9,24) . Nevertheless, visualization of an 8-hr-old
thrombus can be achieved with â€˜231-labeledhighly
iodinated fibrinogen as early as 4 hr after injection
(Figs. 1 and 2). The urinary bladder activity did not
interfere with visualization of the thrombus and

would be even less of a problem in patients, since
clinical imaging of the pelvic area could be performed
after the bladder has been emptied. The presence
of small amounts of 124!, requiring the use of a
midenergy collimator, did not cause substantial im
age degradation. Highly iodinated fibrinogen labeled
with 123! appears to be a promising new imaging
agent for actively forming deep-vein thrombi, espe
cially in areas of large blood pool. The efficacy of
this agent in older thrombi remains to be determined.
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