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Exogenous fibrinogen has been successfully
labeled with t9mTc using a modified electrolytic
method. The exact labeling mechanism has not
been determined. Experimental data suggest that
the labeling process of 99mTc.fibrinogen is quite
similar to that of ssmTc.human serum albumin
as reported earlier by Benjamin. Technetium
99m-fibrinogen is stable in human plasma or in
1% buffered human serum albumin. A binding
efficiency of 76% has been achieved with ap

proximately 25% clottable protein. The entire
labeling procedure requires less than 1 hr of
preparation time. This short labeling time in a
closed system may allow development of a prac
tical method for labeling autologous fibrinogen,
thus eliminating the risk of hepatitis trans
mission.

Fibrinogen is a thermolabile serum protein with a
molecular weight of 340,000. Although very sensi
tive to chemical decomposition as shown by its pre
cipitation by various salts such as ammonium sulfate,
sodium acetate, or sodium chloride, fibrinogen has
been iodinated with 1311using electrolysis (1 ) . Since
the reduction of OOmTc@pertechnetateto a chemically
active state requires the presence of reducing agents
such as stannous chloride or ironascorbic acid, the
salting-out effects of these agents may interfere with
the tagging of B9mTcto the fibrinogen molecule. Be
cause of this and its adaptability to a closed sterile
system, low-current and low-voltage electrolysis with
zirconium electrodes in a weak acidic medium may
be the method of choice (2,3) . Using controlled
electrolysis, less than 1 mg of the powerful zirconium
ion is produced (4) ; hence the damage to the fibrin
ogen molecule should be minimal. We have investi
gated this possibility and have successfully labeled
human fibrinogen with aomTc.

MATERIALS AND METHODS

Extraction and purification of human fibrinogen.
Pure human fibnnogen was obtained by precipitation

from a commercial source, ParenogenÂ® (Cutter
Laboratories, Berkeley, Calif.) using either a 4 M
ammonium sulfate solution or a 2.3 M glycine solu
tion. The Parenogen was first reconstituted with 50
ml of water for injection, USP, to a final concentra
tion of approximately 20 mg/mI of fibrinogen. One
and three tenths milliliters ( 1.3 ml) of the 4 M am
monium sulfate solution was added to a test tube
containing 2 ml of the fibrinogen solution and 2 ml
of water for injection. After centrifugation for 10
mm at 800â€”1,000 rpm, the supernatant was re
moved. The precipitate was washed with 2 ml of dis
tilled water to remove excess ammonium sulfate and
redissolved in 4 ml of water. After repeat precipita
tion, washing, and removal of the supernatant solu
tion, the fibrinogen was finally reconstituted with
2 ml of water for injection.

A similar separation procedure was employed in
the extraction of fibrinogen from the reconstituted
Parenogen solution with 3 ml of the 2.3 M glycine
solution. After two separation and washing proce
dures, the final precipitate was redissolved in 2 ml
pH 7.4 phosphate buffer.

Semiquantitative assay of the purified fibrinogen
was performed using the Beckman spectrometer with
the absorption set at 280@ and comparing the read
ing with a reconstituted and appropriately diluted
solution of Parenogen. Data obtained from ultraviolet
light spectrometry indicated that the final concentra
tion of the purified fibrinogen solution was approxi
mately 10â€”iSmg/ml.

Labeling method. The following procedure was
used to incorporate OOmTcinto exogenous human
fibrinogen. The reconstituted or extracted fibrinogen
solution was immediately labeled with O9mTcusing
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electrolysis in a closed system. Prior to electrolysis,
5 ml of 0.05 N HC1 and 2 ml normal saline contain
ing approximately 30â€”60mCi of DnmTc@pertechnetate
were added to a sterile evacuated vial containing two
0.025-in. diam zirconium electrodes. A controlled
current of 100 mA with voltage of 5.5â€”5.7was
passed through the solution for 42â€”45sec. Immedi
ately after electrolysis, 0.3â€”0.4ml (4â€”8mg) of fi
brinogen solution was injected into the vial slowly
with continuous gentle shaking. Following incubation
for 30 mm at 37Â°C,the pH of the labeled fibrinogen
solution was readjusted to 7 with 1:2 ratio of labeled
solution to filtered human serum or plasma or to 4.5
with 9 ml 1% human serum albumin in pH 7.4
phosphate buffer. The latter buffering agent produced
a slightly cloudy solution but with less degree of pre
cipitation of the labeled proteins. Removal of the
denatured fibrinogen resulting from incubation and
pH adjustment as well as zirconium oxide particles
(3) was done with a 0.45-ms Millipore filter.

Assays. Ascending radiochromatography was per
formed with Whatman No. 1 paper in an 8@%
methanol medium on which unbound DOmTc@pertech@
netate registered its peak at a R@value of 0.56.
Labeled Â°Â°â€œTc-fibrinogenas well as any hydrated
99@'Tc-zirconiumcomplex remained at the origin with
Rf having a value of zero. Percentage of binding of
DDmTc..fibrinogenwas determined by counting appro
priately cut chromatographic strips in a well scintilla
tion counter. This method was comparable with the
results obtained by a modified protein precipitation
method utilizing topical thrombin solution (Parke
Davis, 1,000 units thrombin/mI) and 20% trichloro
acetic acid (TCAA).

In order to separate Â°9@'Tc-fibrinogenfrom any
hydrated cOfhTc@zirconiumcomplex, which was not
possible with paper radiochromatography, column
radiochromatography was performed with Bio-Gel
P_l00,* 50â€”100mesh columns. A 0.2-mi radioactive
sample was eluted from the column with pH 7.4
phosphate buffer solution. A total of 15 2-ml frac
tions representing approximately 99% of the ac
tivity was collected in the test tubes for later assays.
An elution curve as well as percent binding of OamTc@
fibrinogen was obtained by assaying the radioactive
content of each tube in the scintillation counter
against a 0.2-ml standard previously diluted to 2 ml
with phosphate buffer. An elution pattern for OOmTc@
pertechnetate in normal saline was obtained with a
similar technique.

Electrophoresis was performed with a Beckman
MicrozoneÂ®electrophoresis unit utilizing a cellulose
acetate supporting medium and Tris-Barbital pH 8.6

* Bio-Rad Laboratory. Bio-Gel P-100 column has an op

erational exclusion limit range of 5,000-100,000 Daltons.

buffer with ionic strength of 0.075. Samples of pure
fibrinogen and labeled 99mTc@fibrinogen solution were
electrolyzed for 45 mm along with a standard con
taming normal human serum proteins. The separated
proteins were stained with Ponceau-S, developed,
and analyzed with a Beckman Densitometer equipped
with a MicrozoneÂ®scanning attachment. A curve of
color density versus distance along the membrane was
obtained with the area under the curve of each com
ponent representing the concentration of each pro
tein component.

Semiquantitative assay for zirconium content was
determined by adding the labeled solution to a filter
paper previously saturated with a 0. 1% Alizaren-S
solution and allowed to dry in a hood. After wash
ing with a hot solution of 1 N HC1 and drying, the
orange-brown spot of zirconium from appropriate
diluted samples was colorimetrically compared with
a known standard solution containing 2, 5, and 10
@zg/mlof zirconium hydroxide.

In vitro biologic determination of DOmTc@labeled
fibrinogen. The biologic property or behavior of
OOmTc..fibrinogenwas assessed by the addition of the
labeled protein to fresh as well as clotted blood sam
pIes from normal healthy volunteers. Preformed clot
was produced by incubating a 2-mi blood sample at
room temperature for 3 hr. One-half milliliter (0.5
ml) of OOmTc..fibrinogensolution was added to test
tubes containing 2 ml of fresh blood and also to
tubes containing clotted blood. After incubating at
room temperature for 3 hr, the serum was corn
pletely removed from the test tube by centrifugation
and decanting and saved for radioactivity assay. The
remaining clot was then washed twice with 1.5 ml
distilled water, centrifuged, and separated from the
washings. The percent of the 99mTc@fibrinogenincor
porated into the blood clot was then compared with
the results using â€˜251-fibrinogen(Amersham/Searle)
under similar experimental conditions. The possi
bility of coprecipitation or physical trapping of the
labeled fibrinogen during in vitro clotting process
was evaluated using 9BmTc_pertechnetate and 1251_
human serum albumin (RISA) in the same manner.

Identification and cloftability determination of
DOmTc..fib@@y@gefl. Percent of antigenically reactive

labeled 9OmTc..fibrinogenwas determined with 0.05
ml rabbit antihuman fibrinogen antiserum (Hyland
Laboratory) . Percent clottable labeled OOmTc@fibrin_
ogen was determined using 0.5 ml (500 units) of
topical thrombin solution. Samples containing 0.2 ml
of plasma-buffered n9mTc..fibrinogen and 1.8 ml pH
7.4 phosphate buffer were allowed to react with

either the antiserum or thrombin at room tempera
ture for 48 and 24 hr, respectively. After repeated
separation and washing procedures, the precipitate,
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TABLE 1. BINDING EFFICIENCY OF DOmTc@FIBRlNOGEN(AVERAGE OF TEN TRIALS)

aQmTcflbrinogen incubated at
37Â°C,30 mmunbuffered

76.43
(10.79)

76.57

(9.95)

90.97
(4.48)

86.34
(6.17)

23.42
(9.95)

9.06
(4.44)

13.76
(6.08)

75.08
(6.89)

88.73
(4.01)

86.03
(2.55)

â€œmTc-flbrinogenbuffered with
human plasma

75.14
(10.70)

Filtered plasma-buffered
ssmTc.fibrinogen

97.65
(3.23)

.WithTCAAprecipitation.

presumably clottable protein, was collected for assay.
Nonclottable labeled protein was precipitated from
the supernatant with 0.5 ml 20% TCAA, separated,
and washed. The results thus obtained were com
pared with those using â€˜251-RISAand 1251-fibrinogen
under similar experimental conditions. In order to
normalize the plasma content to that of D9mTc@fibrin_
ogen determination, 0.2 ml fresh plasma was added
to the test tube containing 1 @Ciof the 1251-labeled
protein.

RESULTS

All labeling procedures were carried out with
freshly prepared fibrinogen solution. The presence
of 0.3â€”0.4ml (approximately4â€”8mg) fibrinogen
was sufficient to bind most of the radioactivity. The
radioactivity could also be bound to zirconium if
fibrinogen was not added to the electrolyzed solution.
Radiochromatography with Whatman No. 1 paper
performed after each step indicated that binding took
place after current passage.

Data from column radiochromatography indicate
that the sodium salt of Â°9'@Tc-pertechnetatewill be
eluted from the Bio-Gel P-100 column beginning
with the fourth fraction, the main peak occurring at
the sixth fraction. The highest activity of 99mTc_zir_
conium complex appears at the fifth fraction with a
long tailing effect. The exact nature of the 99@'Tc
zirconium complex species has not been determined.
However, a positive zirconium test can be detected
in those fractions containing the highest amount of
radioactivity. The percent of technetium binding in
a OOmTc@zirconiumcomplex formed during elec
trolysis in the absence of fibrinogen is in the range
of 14â€”24%before incubation and 45â€”47% after 30
mm incubation at 37Â°C.The latter increase may be
attributed to additional formation of hydrated ODmTc_
zirconium species.

Each vial of lyophylized powder of commercial
fibrinogen (Parenogen) contains as additives 60 mg
of glycine,0.92 gm of sodiumcitrate, and 2.5 gm
of dextrose in addition to 1 gm of pure fibrinogen.
Labeling experiments with solution of similar formu

lation but minus the fibrinogen indicate that these
inactive agents were not labeled by O9mTcafter elec
trolysis. Addition of fibrinogen to the electrolyzed
solution of BDmTc@zirconiumwill remove most of the
radioactivity onto protein. Data from paper radio
chromatography indicate the quantity of unbound
Â°9@'Tc-pertechnetate is in the range of 0.9â€”37.4%
(mean, 23.42% ), comparable to the results obtained
with column chromatography (Table 1: column 2,
line 1) . A majority of the labeled fibrinogen will
come down from the column immediately after an
initial 2 ml void volume with very little tailing. A
negative zirconium test on all eluted fractions con
taming the labeled protein demonstrates the fact that
zirconium is not carried with the fibrinogen during
the labeling process. Semiquantitative determination
of zirconium content indicates that the final product
contains less than 1 mg of zirconium (approximately
30 @g/ml).

Figure 1 illustrates the migration characteristics
of normal human serum proteins obtained from elec
trophoresis. Pure fibrinogen being less electronega
tive will remain near the negative pole whereas al
bumin moves rapidly across the cellulose acetate
plate. As seen in Fig. 1, the electrophoretic zone of
labeled OOmTc..fibrinogenis identical to that of pure
fibrinogen. The exact chemical nature of the labeled
protein has not been determined.

Of a total of ten trials, an average binding effi
ciency of 76.43 % (range, 68â€”93% ) assayed by
column radiochromatography was achieved prior to
pH adjustment (Table 1: column 1, line 1). A wide
range of results in binding efficiency could be at
tributed to partial denaturation of the labeled protein
during incubation. in some cases where the binding
efficiency fell below 60% , a cloudy colloidal solu
tion was observed with minute particles judged mi
croscopically to be less than 5 microns in size. These
insoluble 99'@Tc..fibrinogenparticles were retained by
the column and thus produced a lower percent bind
ing efficiency. Denaturation also occurred during pH
adjustment with buffering agents.
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FIG. 1. Migrationcharacteristicsof
human serum proteins, pure fibrinogen,
and @mTc.fIbrinogenobtained by analyx
ing electrophoresis with Beckman densitom.

(+â€˜ eter.1-) DISTANCE

Stability determination of 9OmTc@fibrinogenwas
conducted by adding the labeled solution separately
to serum and plasma. Radioactive fibrinogen content
from each medium was assayed by column radio
chromatography. Results from these studies were
similar to that of the original solution indicating that
OOmTcdid not exchange with plasma or serum pro
teins during the period it remained in solution. Corn
parable results were also obtained from analyzing
clottability studies using both media. This further
suggests that OOmTcwas firmly bound to the fibrinogen
molecule. However, data from paper radiochroma
tography showed a sharp decrease in unbound
OOInTCO_ when labeled fibrinogen solution was added

to serum or plasma. An average decrease of 14.3%
OOmTcOâ€”with a corresponding rise in the total
labeled protein content was recorded (Table 1, cot
umns 1 and 2, line 2) . This strongly suggests that
increased binding efficiency was primarily due to ad
ditional tagging of low-molecular-weight serum pro
teins by an active form of 9Â°â€•Tcin the fibrinogen
solution.

Data from Table 2 demonstrate that both OBmTc@
or 1251-labeledfibrinogen will incorporate into fresh
or preformed clots. A higher percentage of 1251-fibrin

ogen than OOmTc@fibrinogenis incorporated into clots
apparently due to some loss of native clottabiity of
the latter compound. Repeated washing with pH 7.4
phosphate buffer removes less than 1% of the radio
activity from the clots indicating absence of an ex
change reaction taking place in vitro. The incorpora
tion of the labeled proteins into the clots appears to
be stable.

Although there is little incorporation of â€˜@5I-RISA
and DOmTc@pertechnetateinto the preformed clots,
coprecipitation of the radiopharmaceuticals will occur
with fresh blood samples. However, each successive
washing with phosphate buffer will remove approxi
mately 10â€”12%of the total clot radioactivity. This
shows that the radiopharmaceuticals were only tem
porarily absorbed onto the surface of the clots.

Results from the identity and clottability studies
with antiserum and thrombin are provided in Table 3.
Experiments with various amounts of antiserum
demonstrate that 0.05 ml antiserum will produce the
best results under our experimental conditions. Of
the tagged protein, 28.34% of the OOmTc@fibrinogen
is antigenically reactive, comparable to the result
obtained with 1251-fibrinogen (21.47%).

Reaction of plasma-buffered OOmTc@fibrinogenwith
topical thrombin produced an average of 25.29%
clottable protein. However, a much greater clottabil
ity (average 84.46% ) was recorded for 125I-fibrin
ogen. This higher percent clottability for radio
iodinated fibrinogen was apparently due to the purity
of the 1251-fibrinogen. Data from 1251-RISA deter
minations with thrombin demonstrated that the
amount of coprecipitation or trapping was negligible.
Less than 2% of the RISA remained with the clot
with nonclottable protein accounting for 97% of the
radioactivity (Table 3 : column 2, line 1).

TABLE 2. IN VITRO DETERMINATION OF CLOT
UPTAKE OF OOmTCFIBRINOGENAS COMPARED

WITH OTHER RADIOPHARMACEUTICALS

@@mTc.fibrinogen
asmTcpeÃ±echnetate
â€˜@I-fIbrinogen

64.20
15.22
79.23

4.31

30.30
2.69

56.67
0.16

346 JOURNAL OF NUCLEAR MEDICINE



AntiserumThrombinAntigenically
reactiveAntigenically non

protein

Radiopharmaceutical (mean % Â± s.d.)reactive

proteinClottable proteinNonclottableprotein(mean

â€˜1Â°Â± s.d.)(mean % Â±s.d.)(mean% Â± s.d.)

28.34 (8.73) 62.85 (9.21) 25.29 (16.77) 60.47 (17.89)

OOmTC..HUMANFIBRINOGEN

TABLE 3. PRECIPITATION OF ODmTc4ABELEDFIBRINOGEN, 125I-FIBRINOGEN,AND 125l..RISA
BY THROMBIN AND ANTISERUM TO FIBRINOGEN

Plasma-buffered vumTcfibrin
ogen

â€˜@â€˜l-fibrinogen+ 0.2 ml
human plasma

â€˜1I-RISA+ 0.2 ml human

21.47 (3.30) 74.24 (3.20) 84.46 (1.02) 6.46 (0.32)

5.78 (0.62) 92.20 (0.37) 1.24 (0.82) 96.97 (0.83)
plasma

DISCUSSION

Fibrinogen has an isoelectric point at pH 5.5 and
is soluble in a weak solution of 0.05 N HCI. To
minimize the salting-out effect it should not be buf
fered above pH 5. The labeled DDmTc@fibrinogen
buffered with plasma, serum, or human serum al
bumin appears stable. When an acid solution of
fibrinogen is adjusted to pH 3â€”4with phosphate
buffer, it retains its clottability as evidenced by fibrin
precipitation with topical thrombin solution. How
ever, we have noted that the rate of fibrin formation
is markedly reduced with a corresponding increase
in the amount of thrombin needed to induce the
reaction. This may be attributed to partial inhibition
of the enzymatic action of thrombin in an acidic
environment. We have not determined the exact
chemical nature of the fibrinogen in the acid solu
tion. Whether the fibrinogen molecule has been
broken down to various fragments is not known (5).
Data from electrophoresis and clottability studies
tend to support the hypothesis that a portion of the
99@'Tc-labeled fibrinogen retains its molecular in
tegrity after the labeling process. Experimental data
from in vitro biologic studies have demonstrated that
OOmTc@4abeledfibrinogen behaves similarly to 1251_
fibrinogen. In order to determine whether the labeled
protein is biologically active in vivo requires further
testing with laboratory animals.

Reproducibility of the labeling technique is ex
cellent with reconstituted fibrinogen. We tested the
effect of glycine and ammonium sulfate on labeling
efficiency since these salts will be used to extract
fibrinogen from plasma. Denaturation of the labeled
fibrinogen during incubation occurs more frequently
when glycine or ammonium sulfate has been used
to precipitate and reconstitute the fibrinogen from
Parenogen solution than when reconstituted unex
tracted Parenogen solution alone is used. However,
initial attempts with a crude glycine extract from
plasma suggest that a similar binding efficiency for

fibrinogen can be achieved although albumin remain
ing in the extract is also labeled. Physical-chemical
damage during the extraction and purification process
with ammonium sulfate or glycine and the presence
as well as the quantity of hydrated 99mTc_zirconium
species formed after electrolysis may contribute to
the denaturation. Our experimental data suggest that
a combination of both factors is responsible for the
decomposition of the labeled protein.

The final product, buffered with plasma and fil
tered, contains an average of 97.65 % labeled pro
tein (Table 1: column 1, line 3) with 9OmTc@fibrino@
gen accounting for 76.57% of the radioactivity
(Table 1: column 2, line 1) . Unbound OOmTcO4_is
less than S% at end of the labeling procedure. Re
moval of the unbound 9OmTcOâ€”is unnecessary due
to additional tagging by the plasma proteins added
as a buffer. Of the total radioactivity used in the
labeling procedure, one third to one half of the
original activity is lost during filtration process as
assayed in the dose calibrator.
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