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Various Tc-99m-labeled compounds have been suggested as replacements
for [I-131] rose bengal for imaging of the hepatobiliary system. Among
such compounds are Schiff’s bases, which are tin-free Tc-chelates easily
prepared by 30-min autoclaving of an equimolar mixture of pyridoxal and
an amino acid at pH 8.5. W e have compared the properties of several Schiff’s
bases, including Tc-99m pyridoxylideneglutamate (Tc-PyG) with [1-131]
rose bengal. Under conditions described, Tc-PyG can be prepared free of
Tc-pyridoxal and with <2% TcO,~ radiochemical impurity. Blood clear-
ance and biliary excretion were studied in three animal models and in nor-
mal human volunteers. In all animal models, Tc-PyG initially cleared from
the blood more rapidly than rose bengal, but a significant amount of
Tc-PyG was excreted in the urine, this in contrast to [I-131] rose bengal
which was almost completely excreted through the biliary system. Species
differences were observed in the degree of urinary versus biliary clearance
of Tc-PyG, with significantly greater urinary excretion in dogs than in mon-
keys and rabbits. Replacing glutamate with other amino acids did not sig-
nificantly increase the blood clearance rate or decrease urinary excretion,
so that Tc-PyG appears to be at least as good as any of the others studied.
Tc-PyG was only 209, bound to plasma proteins, and electrophoretic and
chromatographic studies did not reveal any in vivo changes of Tc-PyG
before excretion in urine or bile.
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Iodine-131-labeled rose bengal has been the estab-
lished radiopharmaceutical for evaluation of hepato-
cellular function and biliary excretion; however, im-
ages obtained with this agent are often of poor
quality. Labeling with 1-123 (1) would provide a
better tracer, but since I-123 is not conveniently
available, several attempts have been made to pre-
pare a Tc-99m-labeled radiopharmaceutical for hep-
atobiliary imaging (2-7).

Our attention has focused on Tc-99m pyridoxy-
lideneglutamate (Tc-PyG), first introduced by Baker
et al. in 1974 (5-8). This radiopharmaceutical is
cleared rapidly from the blood, followed by prompt
passage through the liver and subsequent collection
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in the biliary tree and gallbladder (8—12). Unfortu-
nately, a significant fraction is also excreted in the
urine. Several clinical reports (13—-15) have demon-
strated that this agent is safe, effective, and consti-
tutes a significant improvement over [I-131] rose
bengal.

Pyridoxal forms Schiff’s bases with amino acids in
aqueous solution. These reactions are pH-dependent,
and the formation of a metal complex can stabilize
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the ligand in the configuration of a Schiff’s base.
Most of the work with these complexes has been with
divalent cations that form bis complexes with Schiff’s
bases (16-18).

Important factors that determine biliary versus
urinary excretion are molecular weight and the chem-
ical structure of the molecule circulating in vivo.
Organic anions of mol. wt. < 300 are excreted in
the urine, whereas bile is the dominant channel of
excretion with mol. wt. > 500 (/9). Animal studies
have shown a marked species difference in the ex-
tent of biliary versus urinary excretion for organic
anions in the mol.-wt. range of 300-500 (20). Dogs
appear to resemble rats, while monkeys and humans
more closely resemble rabbits (19). This explains
why certain agents appear to be promising hepato-
biliary radiopharmaceuticals in dogs and rodents but
prove less successful in humans.

In their work with radiographic contrast materials
for alimentary-tract visualization, Lasser et al. (21)
found that ability to bind to plasma proteins was a
major determinant in directing a given material into
the bile rather than the urine.

We report our studies of the preparation, radio-
chemical quality control, and in vivo clearance of
Tc-PyG and some other Tc-labeled Schiff’s bases of
pyridoxal with different amino acids. Our initial
work showed that Tc-PyG is a useful hepatobiliary
imaging agent. In order to see whether an even better
agent could be obtained by using other amino acids,
we screened several complexes for blood clearance
and degree of urinary versus biliary excretion in
dogs. Rapid plasma clearance into the biliary system
is the prime prerequisite for a successful biliary ra-
diopharmaceutical. Because of the wide species dif-
ferences in competitive biliary versus renal excretion,
several animal models were used for clearance stud-
ies. After finding that Tc-PyG cleared as quickly
as any of the other Schiff’s bases studied, and in
view of our extensive successful clinical experience
with Tc-PyG, we chose it as the model compound
for further studies of the plasma-protein binding and
conjugation reactions of this class of radiopharma-
ceuticals.

MATERIALS AND METHODS

Preparation of radiopharmaceuticals. Schiff’s bases
of pyridoxal hydrochloride and the amino acids
I-glutamic acid monosodium salt, I-lysine monohydro-
chloride, I-tyrosine, l-aspartic acid, glycine, I-leucine,
and l-glutamine were prepared in a molar ratio of
1:1 dissolved in water for injection. The pH was
adjusted to 8.5 = 0.2 using sterile 1 M NaOH and
diluted further with sterile water to a final concen-
tration of 0.13 mM. Pyridoxylidenetyrosinate repre-
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sented the only exception: this mixture was diluted
to a final concentration of 0.02 mM at a pH of 8.5
in order to achieve complete dissolution. A 0.13-mM
solution of pyridoxal hydrochloride at pH 8.6 was
also prepared.

Two-ml aliquots of the mixtures described above
were filtered through 0.22-um membrane filters di-
rectly into sealed, sterile vials. After nitrogen was
bubbled through the solutions for five min, the vials
were stored at 2-8°C. To label, sodium pertechne-
tate was added in a volume of 0.1 to 2 ml physiologic
saline, and the solutions autoclaved at 121°C for 15,
30, or 60 min.

Radiochemical quality control. Electrophoresis,
thin-layer chromatography (TLC), and high-pressure
liquid chromatography (HPLC) were used for quan-
titative analysis of radiochemical purity (22). Sam-
ples of all Tc-labeled compounds, including labeled
pyridoxal and sodium pertechnetate, were analyzed
by electrophoresis at 250 V and 5 mA for 30 min
using cellulose polyacetate electrophoresis strips and
a pH 8.8 buffer of trimethylamine and 5,5’-diethyl-
barbituric acid and its sodium salt. Thin-layer chro-
matography on silica gel* was performed using
acetone or 3:1 (v/v) acetonitrile and water as the
mobile phase.

HPLC was performed on a 4 mm X 30 cm pBond-
apak C;s3 columnt eluted with either 92:8 (v/v)
acetonitrile and water or 4:1 (v/v) acetonitrile and
0.01 N acetic acid. These conditions were selected
to give maximum peak-height/width ratios. The col-
umn inlet pressure was maintained at 1,500-2,000
psi using a single-piston pump with pulse damping;
the resulting flow rate was 1.5-2 ml/min. The system
provided for on-line injection of 25 ul of diluted
samples of radiopharmaceutical. The eluate was
monitored by a flow-through NaI(TIl) detector with
a pulse-height analyzer connected to an analog rate-
meter as well as to a digital-data output system to
give a continuous graphic and digital record of the
radioactivity profile eluted from the column. Any
activity retained on the column was rinsed off with
1:1 (v/v) acetonitrile and water before the next
sample was injected. A 4-mm X 30-cm pPorasilt
column eluted with 3:1 (v/v) chloroform and meth-
anol was also used in the same experimental con-
figuration.

Clearance studies. Pyridoxal and pyridoxal-amino-
acid Schiff’'s bases labeled with technetium by 30
min autoclaving were tested for blood clearance and
degree of urinary versus biliary excretion in 12 mon-
grel dogs. In order to filter out biologic variability,
six of the dogs were injected with both Tc-95m and
Tc-99m preparations simultaneously. One dog re-
ceived both [I-131] rose bengal and a Tc-99m-
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labeled compound, while the remaining five dogs
received only one preparation labeled with Tc-99m.
Blood was collected from a leg vein at selected time
intervals for up to 1 hr after i.v. injection of the ra-
diopharmaceuticals. The bladder was emptied 1 hr
after injection by means of a trans-urethral catheter.
Serial scintiphotos of the abdomen (500 K counts)
were obtained with a gamma camera at 5, 10, 20,
and 60 min after injection.

Blood clearance and urinary excretion of Tc-99m
PyG (30 min autoclave time) and [I-131] rose ben-
gal were also compared in four New Zealand rabbits
and in four normal Rhesus monkeys. Blood was sam-
pled at selected time intervals for up to 2 hr, and
the total urine was collected at 60 min after i.v.
injection of the radiopharmaceuticals. The type and
amount of anesthetic used and the amount of radio-
pharmaceuticals injected in the animal studies are
summarized in Table 1.

Blood clearance of Tc-99m PyG autoclaved for
15, 30, or 60 min was studied in 24 normal human
volunteers who had given their informed consent.
Eight were studied with a preparation autoclaved for
30 min. An additional 13 subjects received prepara-
tions autoclaved for 15 min, and three received a
preparation autoclaved for 60 min. Table 1 summa-
rizes the amounts of radiopharmaceutical injected.
Three milliliters of blood were withdrawn at selected
time intervals up to 5 hr after i.v. injection of Tc-
PyG. No urine samples were obtained in the human
studies.

One-milliliter samples of whole blood and urine
were counted in a well scintillation counter. Cross-
over corrections were applied to all data from dual-
tracer studies, and percentages of injected dose in
blood and urine were calculated from counting rates
measured for appropriately diluted standards. Ac-

tivity in total blood was estimated assuming a blood
volume of 6.5% and 7% for female and male dogs,
respectively—6% for rabbits, and 5.4% for mon-
keys. The blood volume for normal humans was
estimated from a table based on the individual’s
height, weight, and sex (23).

Whenever multiple measurements were made, they
are reported as mean = 1 s.d. assuming n-1 degrees
of freedom. The Student’s t-test was used to test
the significance of differences (p < 0.05) between
measured clearance rates of different radiopharma-
ceutical preparations.

Plasma-protein binding. The in vivo binding of
Tc-99m PyG and [I-131] rose bengal by plasma
proteins was measured in seven New Zealand rab-
bits after simultaneous injection of the radiopharma-
ceuticals. The amount of PyG injected was 4-5
mg/kg in three of the animals and 1 mg/kg in the
remaining four. The amount of rose bengal was
below 0.25 mg per kilogram body weight in all ex-
periments. Minicon-B15 clinical sample concentra-
torsf were used, containing a semipermeable mem-
brane with a cut-off at 15,000 molecular weight,
backed by a pad that absorbs water and membrane-
penetrating solutes.

Our standard procedure was to add 0.5 ml dis-
tilled water and 0.2 ml plasma to each cell and im-
mediately wash it with 0.5 ml water. When the vol-
ume of the solution had decreased to 10%, 1 ml
water was added and mixed with the concentrate.
This procedure was repeated once, and when the
solution was again concentrated ten-fold, 1 ml water
was added, mixed carefully with the concentrate,
and the whole withdrawn completely with a Pasteur
pipette. These solutions were counted for Tc-99m
and I-131 activity in a well scintillation counter, as
well as diluted standards of the initial plasma sam-

TABLE 1. EXPERIMENTAL CONDITIONS FOR BLOOD-CLEARANCE STUDIES

‘Dose administered

48-93 kg (24)

* Usual human dose.

Animal model Te-PyG [1-131] rose bengal
(n) Anesthesia mg/kg mCi mg/kg mCi
Dogs Sodium pentobarbital 0.8-2.3 Tec-95m: 0.03-0.06 0.08 0.20
13-25 kg (12) 22 mg/kg i.v. and/or
Te-99m: 0.8-2.0
Rabbits Chlorpromazine 4 mg/kg i.m. 0.8-1.2 Te-99m: 1.2-3.7 0.04-0.09 0.06-0.11
3.7-5.1 kg (4) followed by sodium pento-
barbital 20 mg/kg i.v.
Monkeys Ketamine 10 mg/kg i.v. 1.6~2.2 Tc-99m: 0.9-1.6 0.03-0.06 0.02-0.05
4.8-9.3 kg (4)
Normal humans None 0.04-0.36 Tc-99m: 1.8-3.1 0.03*
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ples. After correcting the counts for cross-over, the
percentage of activity remaining after the concen-
tration/filtration procedure was calculated. To find
the true value for protein binding of Tc-PyG, it was
necessary to correct for protein loss in the Minicon
cells.

We initially established that [I-131] rose bengal
was 100% bound to plasma proteins of mol. wt. >
15,000. This was done by comparing the loss of
I-131 activity with the loss of protein during the
filtration procedure. The amount of protein in the
samples before and after filtration was measured by
uv spectrophotometry at 280 nm. The amount of
protein lost from each sample could therefore be
calculated from the I-131 activity before and after
filtration. It was assumed that the percentage of
protein-bound radiopharmaceutical lost in the cells
was the same for Tc-99m PyG as for [I-131] rose
bengal. In order to see whether comparable plasma-
protein binding data for cholescintigraphic radio-
pharmaceuticals could be obtained in vitro by this
simple technique, another filtration experiment simi-
lar to the one described above was performed. One
milliliter freshly collected plasma (EDTA anticoagu-

4 Column:  pBONDAPAK C,g
4mm IDx30cm
CH,CN/OO1M Acetic

Acid (80/20)

Solvent:

—3

—
0 5 10 15 20 25 0 35
ML ELUTED

FIG. 1. High-pressure liquid chromatograms of Tc-99m-labeled
PyG, pyridoxal and pertechnetate. Arrows indicate when pl
were injected onto column.
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lant) was incubated with 0.2 ul Tc-99m PyG and
1 pl [I-131] rose bengal in a 37°C water bath. The
amounts of PyG and rose bengal used corresponded
to 280 and 28 ng/kg respectively if one assumes 35
ml plasma per kilogram body weight.

Metabolic changes. Electrophoresis and chroma-
tography separation, using three different mecha-
nisms of chemical selectivity, were used to look for
in vivo alteration of Tc-PyG before excretion through
the liver and kidneys. The electrophoretic migration
of plasma, urine, and bile samples obtained from
dogs and rabbits injected with Tc-PyG were com-
pared with that of the original Tc-PyG solution un-
der the same conditions. PyG, pyridoxal, pertech-
netate, and filtered blood, bile, and urine samples
obtained from rabbits after injection of Tc-99m PyG
were analyzed using the same experimental condi-
tions described for radiochemical quality control.

RESULTS

Radiopharmaceutical development. Pyridoxal
formed a Schiff’s base with a number of different
amino acids which, when autoclaved at a pH of
8.5 = 0.2, chelated with technetium. Both electro-
phoresis and silica-gel TLC using acetone as solvent
were useful for the estimation of the amount of free
pertechnetate (which was usually <2% ) in all pyri-
doxal-amino-acid complexes tested up to 24 hr after
preparation. The two analytical methods gave com-
parable results. Labeled PyG and pyridoxal were
inadequately separated using silica-gel/acetone TLC.
Under the electrophoresis conditions used, PyG,
pyridoxal, and pertechnetate moved approximately
1.5, 3.5, and 8 cm, respectively, but the first two
peaks overlapped to such a degree that quantification
of pyridoxal in PyG preparations involved unaccept-
able uncertainty. Thin-layer chromatography on
silica gel using 3:1 (v/v) acetonitrile and water as
the mobile phase showed several peaks with consid-
erable overlap in the PyG preparations.

The best separation of pertechnetate and pyridoxal
from the multiple peaks representing PyG was ac-
complished using a uBondapak C,s column eluted
with 4:1 (v/v) acetonitrile and 0.01 N acetic acid.
Typital elution patterns with this analytical system
are illustrated in Fig. 1 for pertechnetate, PyG, and
pyridoxal. Pertechnetate is eluted in the break-
through volume. The multiple peaks representing
PyG have elution volumes between 4 and 10 ml
The exact chemical structure causing the different
peaks has not been identified but the elution profile
was qualitatively and semi-quantitatively the same
using pyridoxal supplied by four different manufac-
turers. Pyridoxal is eluted mainly in two broad
peaks at 13-22 ml, although some tailing was seen
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FIG. 2. Blood clearance of cholescintigraphic rad:opharmaceu
ticals in normal dogs. O Average for Tc-pyridoxal - amino- octd
complexes that cleared at the same rate ( acids: glut
glutamine, leucine, aspartic acid and glycine); A Te- pyndoxylldena
lysinate, O Te-pyridoxylidenetyrosinate.

with both PyG and pyridoxal. We found it conven-
ient to rinse this off with 1:1 (v/v) acetonitrile and
water before another sample was injected. For the
Tc-99m PyG preparations this tailing represented
12 = 4% of the injected activity, for Tc-99m pyri-
doxal the value was 32 = 6%. The amount of free
pertechnetate in Tc-99m PyG was routinely less than
2% by this method; the values obtained always com-
pared well with the results from TLC and electro-
phoretic studies. Distinct pyridoxal peaks were never
observed during analysis of Tc-PyG preparations,
but very small amounts of pyridoxal may have been
missed because of the tailing phenomenon. HPLC,
using a pPorasil column eluted with 3:1 (v/v) chlo-
roform and methanol, gave only one peak of radio-
activity in the eluate with Tc-99m PyG. The reten-
tion volumes for pertechnetate (3.0 ml) or pyridoxal
(6.4 ml) were not sufficiently different from that of
PyG (7.8 ml) to make this a useful method for ra-
diochemical quality control.

Clearance studies. Tc-pyridoxal - amino-acid com-
plexes, as well as Tc-pyridoxal, showed rapid blood
clearance in normal dogs but variable degrees of
gallbladder accumulation versus renal excretion.
After administration of Tc-99m PyG the liver could
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be seen within 5 min, and the common bile duct,
gallbladder and duodenum could be visualized 10—
15 min after injection. Equally good visualization
was obtained with Tc-99m pyridoxylideneleucinate.
Following administration of Tc-99m pyridoxal the
kidneys showed up clearly within minutes, but the
gallbladder was not well visualized until at least 30
min after injection. The Tc-pyridoxal - amino-acid
complexes initially cleared more rapidly from the
blood than [I-131] rose bengal (Table 2 and Fig. 3).
No significant difference (p < 0.05) was found be-
tween properly prepared Schiff’s bases of pyridoxal
with glutamate, glutamine, leucine, aspartic acid, and
glycine. Complexes with tyrosine and lysine cleared
more slowly than those listed above (Fig. 2). The
clearance rate for Tc-99m pyridoxal was similar to
that of [I-131] rose bengal initially, but was sig-
nificantly slower after 10 min (Fig. 3). The urinary
accumulation at 1 hr after injection was 32 = 5%
for Tc-PyG (Table 2). For those complexes that
cleared the blood at the same rate, the amount
cleared through the kidneys by 1 hr was 36 = 7%
of the injected dose. Urinary accumulation of the
Tc-pyridoxylidenelysinate complex was 42 += 6%
at 1 hr. In one dog injected with Tc-99m pyridoxal,
more than 50% of the dose was in the urine within
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FIG. 3. Blood clearance of cholescintigraphic radiopharmaceu-
ticals in normal dogs. O Average for Tc-pyridoxal - amino-acid com-
plexes that cleared at the same rate (amino acids: glutamate, glu-
tamine, leucine, aspartic acid and glycine); A Tc-pyridoxal, O
[1-131] rose bengal.
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TABLE 2. CLEARANCE OF CHOLESCINTIGRAPHIC RADIOPHARMACEUTICALS

tis = 1 s.d. of fast component (min)

Blood clearance
60-min urinary excretion

(% of injected dose) % injected dose *+ 1 s.d.

Animal model Tc-99m PyG [1-131] rose bengal Tc-99m PyG [I-131] rose bengal
20+05 40
Dogs (87.8 % 0.6) (91.5) x5 04
. 20+05 45+05
Rabbits (90.2 + 1.0) (877 + 3.9) 205 2.6+ 25
20+05 30+05
Monkeys (92.8 + 1.6) (94.4 = 0.9) 71 07x05
W 20405
umans (84.9 + 1.9) - - -

1 hr. The renal excretion of all Tc-labeled Schiff’s
bases contrasted with that of rose bengal, where only
0.4% of the injected dose was in the urinary bladder
at 1 hr.

Clearance measurements of Tc-99m PyG pre-
pared with 30 min autoclaving were also done in
rabbits, Rhesus monkeys, and normal humans. They
showed blood-clearance rates comparable with those
observed in dogs (Fig. 4). The initial plasma half-
time was 2.0 = 0.5 min and accounted for an aver-
age of 89 *= 3% of the injected dose in the four
species studied. There were significant species dif-
ferences, however, in the fractional urinary versus
biliary excretion (Table 2).

100 T
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FIG. 4. Biood clearance of Tc-PyG in normals: (O humans,
A dogs, O rabbits, O monkeys.
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We compared preparations of Tc-99m PyG auto-
claved for 15, 30, and 60 min in normal humans and
detected no difference between preparations auto-
claved for 30 min and those autoclaved for 60 min.
The preparation that was autoclaved only 15 min
had a 15% higher (p < 0.05) blood concentration
at 15 min after injection, compared with the other
preparations.

Plasma-protein binding. In rabbits that were in-
jected simultaneously with [I-131] rose bengal and
Tc-99m PyG, rose bengal was totally bound to
plasma proteins within 2 min after injection. Only
17% Tc-99m PyG was bound to plasma proteins
after injection of -5 mg PyG per kilogram body
weight. When only 1 mg per kilogram was injected,
the plasma-protein binding increased to 26% of
the injected dose. Rose bengal was also totally bound
in vitro, whereas the protein binding of Tc-99m PyG
was found to be 11.5 = 0.7% after 10 min incuba-
tion at 37°C with an amount of PyG corresponding
to about 0.3 mg/kg body weight.

Metabolic changes. Electrophoretic studies of
plasma, bile, and urine samples from dogs and rab-
bits injected with Tc-99m PyG showed in all in-
stances one relatively wide radioactivity peak, with
essentially the same migration for all samples as for
authentic Tc-99m PyG. Chromatography using the
pPorasil column eluted with 3:1 (v/v) chloroform
and methanol likewise did not reveal any difference
in the behavior of the radioactivity in bile sam-
ples compared with that of Tc-PyG. Reverse-phase
HPLC using uBondapak C,; eluted with mixtures of
acetonitrile and water or dilute acetic acid was the
most sensitive method for detecting changes in the
radioactivity profile of plasma, bile and urine as
compared with the initial Tc-99m PyG preparation.
Any conjugation product would be more water-
soluble than Tc-PyG and would therefore elute be-
fore the unchanged peaks. Figure 1 shows that there
are several milliliters of column eluate before the
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first major Tc-PyG peak. It is in this region, where
TcO4— is known to elute, that we looked for meta-
bolic alterations of Tc-PyG. The fraction of radio-
activity eluted before the first major Tc-PyG peak
was 5.7 = 1.3%, so we could potentially detect the
presence of = 3% conjugation. Bile samples were
always free of **"TcO,~ or any other Tc-99m-
labeled compound eluting before Tc-99m PyG. Al-
though the relative heights and widths of the peaks
in the injected material were somewhat different from
the corresponding parameters in the plasma, bile,
and urine specimens, no earlier peaks representing
different chemical structures were observed, indi-
cating absence of chemical modification in Tc-99m
PyG prior to excretion.

DISCUSSION

The desirability of replacing [I-131] rose bengal
with an agent having better physical characteris-
tics for cholescintigraphy has been apparent for
some time. Several Tc-99m-labeled compounds have
been suggested. Our investigations and others have
shown that in experimental animals several pyri-
doxal - amino-acid complexes labeled with Tc-99m
are cleared rapidly from the blood by both liver and
kidneys, and that a major fraction is excreted in
the bile. Van Heertum et al. (24) compared Tc-99m
pyridoxylideneleucinate (PyL) with Tc-99m PyG
and a number of other prospective cholescintigraphic
agents in a baboon model, and found that PyL had
the highest and earliest bile concentration of the
agents tested. In a follow-up report (17), however,
this finding was not confirmed. We found that of the
pyridoxal - amino-acid complexes studied in dogs,
Tc-99m PyL had rapid blood clearance and gave
excellent images of the gallbladder 15-20 min after
injection. However, the difference in clearance be-
tween this agent and Tc-99m PyG lacked statistical
significance.

Several clinical studies (13-15,26) have estab-
lished the advantages of Tc-99m PyG over [I-131]
rose bengal as a radiopharmaceutical for hepato-
biliary imaging. Furthermore, as a cholescintigraphic
agent it has characteristics at least as good as those
of any of the other Tc-99m compounds currently in
general clinical use. In normal humans the common
bile duct, gallbladder, and duodenum are seen 15-30
min after injection, and renal retention does not
interfere with interpretation of the scans (13,14).
Our blood-clearance results for Tc-PyG compare
favorably with those reported for Tc-99m HIDA
(7,11,26) and Tc-99m Bioquin-7CA (27), although
these agents are excreted in the urine of dogs and
mice to a lesser extent than Tc-PyG. Extensive

1042

experience with these tracers in humans has not
yet been reported. The rapid liver clearance and
gallbladder accumulation of Tc-PyG represent ad-
vantages over agents such as Tc-99m penicillamine
(28) and Tc-99m dihydrothioctic acid (4), since
these tracers require a waiting period of at least 1 hr
before the normal gallbladder can be visualized well.

Technetium-99m PyG has proved to be a radio-
pharmaceutical that is reliable and simple to prepare.
It consistently contains less than 2% %™TcO,~ up
to 24 hr after preparation, which indicates that air
oxidation subsequent to labeling is not the problem
that it is with many tin-reduced agents. With the
current composition and reaction conditions, blood-
clearance rates in normal humans were the same for
Tc-99m PyG solutions autoclaved for 30 and 60 min,
but 15 min of autoclaving resulted in a slower blood
clearance rate. We use 30 min autoclaving as our
routine procedure.

Our studies showed very rapid blood clearance
for Tc-PyG in humans, dogs, rabbits, and monkeys.
The fast component (t;,2 = 2.0 = 0.5 min) of the
clearance curve accounted for 85-95% of the in-
jected dose. We did, however, observe species dif-
ferences in the amount of Tc-PyG excreted in the
urine. The amounts excreted in the urine of rabbits
and monkeys within 60 min were 20 = 5 and 17 =
1%, respectively, and in dogs a urinary excretion
of 32 = 5% was observed; the last value was sig-
nificantly (p < 0.01) greater than the other two
values. Kubota et al. (9) found 17 = 4% of a simi-
lar preparation in the urine of rabbits at 60 min,
while Baker et al. (8) observed 48 = 4 % urinary
excretion in mice after injection of Tc-99m PyG
containing 10-12% Tc-99m pyridoxal.

The ratio of biliary to urinary excretion of Tc-PyG
in humans might be increased if more favorable
reaction conditions (such as pH, molar ratio, and
autoclaving time) could be found to increase the
proportion of compounds with high molecular
weight in the preparation. A dimer with two PyG
complexes per atom of technetium would have a
molecular weight of 735, while a complex in which
pyridoxal: glutamate:technetium = 1:1:1 would have
a molecular weight of only 417. A change in the
molar ratio of pyridoxal and glutamate, substitution
of pyridoxal with another aldehyde, or addition of
some metallic cation carrier, are some of the possi-
ble variations that might lead to a compound with
higher biliary versus urinary excretion.

The major fraction of Tc-PyG circulates in the
blood as a low-molecular-weight species, with only
about 20% bound to plasma protein. Thus this ra-
diopharmaceutical is not directed toward a biliary
detoxification pathway because of protein binding,
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and thus prevented from renal filtration as is the
case with [I-131] rose bengal and many radiographic
biliary agents.

At the present time, neither the valence state of
Tc-99m in the pyridoxylideneglutamate complex, nor
the overall structure of the Schiff’s base, is known.
It has been postulated that the aldehyde group on
pyridoxal reduces the pertechnetate to give Tc-99m
in a lower valence state as a positively charged ion
that can readily form coordination complexes with
electron-rich Schiff's base ligands (8). Reduction
of Tc(VII) using excess SnCl, has shown that
Tc(IV) is the most likely state under most condi-
tions, but Tc(III) and Tc(V) have also been ob-
served in the course of some experiments (29). The
tetravalent state has also been suggested as being
most probable when kethoxal-bis(thiosemicarbazone)
is labeled with Tc-99m (30). Detailed analytical
studies will be necessary to define the oxidation state
of technetium in Tc-PyG and related complexes.

Our radiochemical quality-control analysis for
Tc-PyG revealed a complex product spectrum. We
have not attempted to identify the chemical structure
associated with each chromatographic peak. We have
shown that the chromatographic elution profile is
constant when different sources of reagents are used.
Furthermore, plasma and bile specimens obtained
after injection of Tc-PyG into rabbits, and analyzed
by electrophoresis and normal and reverse-phase
HPLC, demonstrated the same radiochemical com-
position as the injected Tc-PyG. Urine specimens
demonstrated a slightly higher amount of TcO,—.
Presence of this radiochemical impurity in the in-
jected material will always cause more urinary-
bladder activity. Metabolism or chemical conjugation
of Tc-PyG resulting in a more water-soluble structure
would be detected by an early peak on reverse-phase
HPLC, a region where 5.7 = 1.3% of the radioac-
tivity eluted. We conclude that an upper limit for
conjugation is therefore about 3%, and conjugation
is most likely nil.

In summary, Tc-PyG is not extensively bound to
plasma proteins and is not conjugated in the liver,
but is apparently excreted directly and unmetabo-
lized. Although Tc-99m PyG has become a valuable
tool in the clinical evaluation of hepatobiliary func-
tion, much remains to be learned about the chemistry
and physiology of this type of compound. This in-
formation may, in turn, prove valuable for the de-
velopment of better hepatobiliary imaging agents.

FOOTNOTES
* Eastman Chromatogram Sheets 6000 Silica Gel.

t Waters Associates.
t Amicon Corp., Lexington, Mass.
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