
The labeling of pyridoxal and the pyridoxyli
dene derivative of glutamic acid with S9mTc has
been achieved by a simple autoclaving proce
dure. Technetium-99m-pyridoxylideneglutansate
(somTc-PG) shows marked biliary excretion with
accumulation of radioactivity in the gallbladder
and intestines of experimental animals. This
compound has been extensively investigated with
a view to its application in the diagnosis of bili
ary disorders in man by scintigraphy. Both
scintigraphic and quantitative distribution stud
ies showed that 99â€•Tc-PGpassed rapidly through
the mouse liver with progressive accumulation
in the gallbladder, allowing visualization of this
organ within 10 mm of injection. In 30 mm
over 40% of the injected dose was excreted into
the intestine with an equivalent amount appear
ing in the urine; however, renal activity re
mained low. Scintigraphic studies in dogs

showed results similar to those obtained in mice.
Studies of the toxicity in three animal species
indicated a wide margin of safety for 99mTc@PG
in the dose proposed for diagnostic purposes in
humans.

The formation of complexes or chelates of 99mTc
with organic molecules is now an established method
of modifying the biologic distribution of this useful
radionuclide, creating new scope for the development
of radiopharmaceuticals. Many of the components
of living systems are molecules containing coordi
nating functions (1 ) . These ligands hold the promise
of a relatively low toxicity compared with molecules
such as cyanide, pyridine, and other amines fre
quently employed in coordination chemistry to mod
ify the properties of metal ions.

Pyridoxal, a member of the vitamin B6 group, is
one such ligand we have chosen to examine. This

compound is known to be involved in enzyme sys
tems catalyzing transamination reactions which can
also be carried out nonenzymatically in the presence
of transition metal ions (2,3) . Condensation of the
carbonyl group of pyridoxal and the amino group of
amino acids may lead to the formation of Schiff-base
ligands, some of which have been isolated in the
solid state; e.g., potassium pyridoxylideneglutamate
(4) and potassiumpyridoxylidenealaninate (5) have
been prepared from alcoholic solutions of the re
actants. In aqueous solution pyridoxylideneglutamic
acid was found to be relatively unstable (4) and this
property applies to most pyridoxylideneamino-acid
Schiff bases (6) . The formation constant for pyri
doxal-phosphate-amino-acid Schiff bases has been
estimated (7) to be of the order of 10@â€”l0@and sim
ilar values are expected for the pyridoxalamino-acid
compounds (8) . However, the formation of a metal
complex can stabilize the ligand in the Schiff-base
configuration. Pyridoxylideneamino-acid metal corn
plexes have been identified spectrophotometrically
(9,10), isolated (11,12), and their structures have
been determined by x-ray diffraction studies (13,14).

The preparation and biologic distribution of OBmTc
compounds postulated as being the complexes of
pyridoxal and pyridoxylideneglutamate (o9mTc@PG)
are described in this paper. The interesting and im
portant property of the latter complex is its excretion
in the bile of experimental animals, suggesting a
potential for the diagnosis of biliary tract disorders
in man by scintigraphy. The properties of 9DmTc@PG
have been investigated with this application in mind.
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paper in an identical beaker. It was necessary to add
100 ml water to each beaker and to mix well in
order to achieve uniform counting geometry.

Dissected organs were collected in tared plastic
counting tubes and weighed immediately after dissec
tion was completed. Blood was collected by cardiac
puncture and the gallbladder carefully dissected to
avoid rupture and loss of contents. On the day fol
lowing dissection all organs were counted against
a standard of 1/25 dose in a well scintillation
counter, but organs of high activity ( >100,000
counts/lO sec) were recounted 48 hr after injection
to avoid saturation of the counter. The tails were
counted separately to check that none of the injected
radioactivity was extravasated and where values ex
ceeded 2% of the injected dose, they were subtracted
from the total standard except at early time intervals
where high blood activity was present.

To account for all injected activity, one mouse for
each run was injected with a standard dose and killed
after 2 mm. This provided a standard for the car
casses, which were counted after 48 hr in the large
volume counter. Large geometric variations were
minimized by counting each carcass wrapped tightly
in plastic in both upright and inverted positions, the
mean result being used in calculations.

Reabsorption experiments. A female white rat
weighing 200 gm was anesthetized with sodium pen
tobarbitone, supplemented with ether. A laparotomy
was performed and a loop of duodenum was iso
lated by ligation on either side of the point of entry
of the common bile duct, then 4.5 mCi of 9DmTc@PG
were injected through the tail vein. After 60 mm,
bile was aspirated from the loop of duodenum and
a standard and two doses prepared by weight. Using
a fine needle, the doses were injected into the duo
denum of two recipient rats, prepared by laparotomy
and ligation at the pylorus. The rats were maintained
under ether anesthesia for 2 hr and blood samples
collected from the tails at 15-mm intervals. These
samples were counted together with an aliquot of
diluted bile standard in a well scintillation counter.
At the end of the 2-hr period the distribution of
radioactivity in the rats was examined using the
scintillation camera.

Toxicity studies. The acute toxicity of PG was
determined using male balb/c mice weighing 32â€”38
gm. After determination of the approximate toxic

range using small groups of animals, five groups of
ten mice each were injected intravenously through
the tail vein. The PG was used in a fourfold con
centration compared with the standard preparation
without added DOmTc The injection was made over
a period of 1â€”2mm. Using a similar solution, the
effects of doses 1,000 times that proposed for use

MATERIALSANDMETHODS

Preparation of Â°9'@Tc-pyiidoxylideneg1utamate.Pyr
idoxal hydrochloride (Merck, Darmstadt, Germany)
(54 mg) and monosodium glutamate monohydrate
(British Drug Houses, Ltd., Poole, England) (50
rng) were weighed into a sterilized beaker and the
desired activity of ODmTc@pertechnetate(usually 20â€”
30 mCi) were added together with sufficient distilled
water for injection to make the volume 3.0 ml. The
solution was placed on the pH meter and 1 M so
diurn hydroxide was added with stirring until the pH
was 8â€”8.5. After adjusting the volume to 4.0 ml,
the bright yellow solution was transferred to a
rubber-closed vial and membrane-filtered nitrogen
passed through it for 5 mm. Labeling was achieved
by autoclaving for 30 mm at I 20Â°C.The various
parameters of the reaction were studied in detail.

Preparation of O9mTc..pyrjdo@1. An analogous
method to that described above was adopted with
the omission of monosodium glutamate monohydrate
as the only modification.

Analysis. The composition of the autoclaved re
action mixture was examined using electrophoresis
on cellulose acetate membrane. The buffer (pH 8.6)
was prepared by dissolving diethylbarbituric acid
(1.84 gm) and sodium barbitone (10.4 gm) in 1.0
liter distilled water. The electrophoresis apparatus
used is commercially available (Model U77, Shan
don Scientific Co., Ltd., London, U.K.) . The solu
tion was applied to the center of the strip and elec
trophoresis carried out for 30 mm at constant cur
rent (1 .5 mA) after which the strip was dried, cut
into 5-mm segments, and counted in a well scintilla
tion counter.

In vivo studies. The compounds were tested for
biliary excretion using balb/c mice which were in
jected intravenously through the tail vein with 200â€”
500@ then anesthetized with sodium pentobar
bitone (40 mg/kg) injected intraperitoneally. The
mice were placed under the pinhole collimator of a
scintillation camera and serial Polaroid pictures were
taken. Pentobarbitone anesthesia was supplemented
with ether, if required.

Quantitative distribution studies. Balb/c mice
weighing 25â€”30gm were injected in groups of four
with 0. 1 ml (approximately 75 @zCi)of the prepara
tion to be examined. At a specific time interval, the
mice were killed by cervical dislocation and dis
sected. Urine was collected by keeping the injected
live mouse in a 600-mi beaker containing tissue
paper. Any urine expelled on killing the mouse was
collected on filter paper and added to the beaker,
which was counted after 48 hr in a large volume scm
tillation counter against a standard equal to the
injected dose and distributed on tissue and filter
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FIG. 1. Distributionofradioactivityoncelluloseacetatemem
brane after electrophoresis. (A) @@mTc.pertechnetate,(B) @@mTc.pyri.
doxal, and (C) @Â°mTc-PG,showing percentage of total radioactivity
in each fraction indicated.

in humans (i.e., 282 mg/kg) were examined in 20
balb/c mice, 13 white rats weighing 196 Â± 19 gm,
and 6 kittens weighing 889 Â± 125 gm. The chronic
effects of repeated doses of PG were determined in
15 balb/c mice given doses 1,000 times the proposed
human dose. A total of ten doses was given to each
mouse over I 2 days, then five of the mice were dis
sected and the brain, heart, lungs, liver, gallbladder,
stomach, intestines, pancreas, spleen, kidneys, and
skeletal muscle were examined histologically in corn
parison with those of two normal mice.

The antigenicity of the preparation was studied
in six guinea pigs given a loading dose of 9.9 mg
intraperitoneally followed by subcutaneous doses
(3.9 mg) each 48 hr for 2 weeks. Sterility and pyro
genicity tests were carried out by independent labo
ratories.

RESULTS

Electrophoretic behavior. The analysis of 99@'Tc
pyridoxal and Â°1@Tc-PGby electrophoresis using eel
lulose acetate membrane yielded the results shown
in Fig. I . During a 30-mm run 90@'Tc-pertechnetate
migrated towards the anode to a distance of 6â€”7cm
while 99@'Tc@pyridoxalmigrated in the same direction
to a distance of I .5â€”3.5cm as determined by assay
ing the distribution of radioactivity along the strip.

I I I I I I@@
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FIG.2. Electrophoreticanalysisof radioactivityin @emTc@PG
preparations in pH range 3â€”i1: (S) â€˜Â°mlc-PG,(0) @Â°mTc-pyridoxaI,
(X) band X, and (A) â€˜@mTcO4.
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(a) @@1@ Under ultraviolet light the blue fluorescence due to

pyridoxal was located at a distance of 1.5 cm from
the origin.

The reaction product from DDmTcO, and pyri
doxal together with a stoichiometric quantity of

â€” 9 monosodium glutamate gave a different distribution

1 I I a. T@94 â€”1@ of radioactivity. In this case the highest percentage

(b ) of radioactivity was distributed about the origin,

â€”1-I-'-Lâ€”--- although each preparation appeared to contain some
99mTcpyridoxal and a small additional band â€œXâ€•
of unknown origin but the percentage of free per
technetate was generally low. In most preparations a

+ small overlap with the neighboring OOmTc@pyridoxal
â€” 9 * band position could result in an error in the per
-@l- 2.5 88.8 I 5.3 I 3.4 1 /, - . -

centage of 9OmTc.PG but the overlap is minimal and
(c) band positions are readily determined. The separa

@-f-F-r-fL-L,-â€” tion using this method was superior to that obtained
with several chromatographic systems tried or with
gel filtration using Sephadex G-25.

Preparative conditions. Further investigations into
â€” 0 _______________+ the conditions for maximum yield of OOmTc@PG were

8 6 .1 I 9.8 1 2 .4 I@ . 7 @@-1% carried out using pyridoxal and monosodium gluta
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TABLE 1. ELECTROPHORETIC RESULTS FOR DOmTc.PG AND OOmTc.PYRIDOXAL PREPARED
UNDERVARYINGCONDITIONS

â€œmTc-PG
10
10
20
20
30
30
60
60
30
30
30
30
30
30

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
0.8
0.8
0.6
0.6
0.4
0.4

N2
Air
N,
Air
N,
Air
N,
Air

N,
Air
N,
Air
N,
Air

45-3
24.1
72.6
68.3
82.9
84.9
82.1
87.2
80.5
84.2
79.5
82.2
48.4
42.2

14.3
11.2
14.4
12.1
11J

10.5
12.4
10.0

113
9-4

10.6
7-4
7.3
4.8

8.8

5.2
6.4
5.1
3-9
2.9
3.3
13
5.8
33
4.9
4.0
4.8
2.4

31.6
59.4
6.6

14.5
1.4
13
2.2
1.0
2.0
2.7
5.0
6.4

39.5
50.6

â€˜Â°mTc-pyridoxal
20
20
60
60

1.0
1.0
1.0
1.0

N,
Air
N,
Air

1.3
7.6
2.5

23.8

873
68.0
88.8

64.4

6.3
8.2
5.3
4.9

4.7
16.2
3.4
6.8

2 Autoclaved at 120Â°C.

t Factorforweightsof reactantsgivenin experimentaldetails.
1:Nitrogenor air bubbledthroughrubber-closedvialfor 5 mmpriorto autoclaving.

volume does not exceed 4.0 ml. The presence of air
seemed markedly to affect the distribution of radio
activity in the OOmTc.pyridoxalpreparation; as well
as resulting in increased free pertechnetate, it also
significantly increased the percentage of activity ap
pearing at the origin.

In vivo distribution. In Fig. 3 the distribution of
99@'Tc-pyridoxal in the mouse is compared with
9OmTcpG and 99@'Tc-D-penicillamineas prepared by
the method of Krishnamurthy, et at (15) . With
99@Tc-pyridoxaI, marked blood-pool activity per
sisted throughout the study and considerable uptake
in the kidneys and bladder was noted. Weak accumu
lation of activity in the gallbladder was seen later in
the study. However, with 9DmTc@PGthe gallbladder
was visualized within the first 10 mm after injection
and during the course of the study its image became
much more intense than was observed with O9mTc@
pyridoxal. In addition, more activity entered the
intestine and, although considerable urinary excre
tion occurred, the radiopharmaceutical was not seen
to accumulate in the kidneys to any great extent.
Excretion through the mouse liver was more rapid
than with 9OmTc@D@penicillaminewhich showed a
marked and persistent liver uptake before the gall
bladder began to appear.

A more detailed comparison between the biologic
properties of 9ftmTc.pyridoxal and onmTc@PGis avail
able in Tables 2 and 3, which show the quantitative
distribution of these two compounds in mice at four

mate in constant quantities as indicated in the Ma
terials and Methods section. Figure 2 shows the dis
tribution of products of the reaction at pH values
from 3.0â€”11.0. The maximum yield of DamTc@PGwas
obtained at pH 8â€”9and decreased rapidly above pH
9.5 or below pH 4.0. In acid conditions the yield of
99mTc..pyridoxal was in the order of 25% but this
decreased as the pH was raised. The proportion of
free pertechnetate decreased from 20% at pH 3.0 to
less than 2% at pH 80, then rose rapidly above pH
9.0. Band â€œXâ€•followed the pertechnetate content
fairly closely except at high pH where it continued
to decrease.

In another series of experiments, the effect of vary
ing conditions at pH 8.0 was studied. In Table I,
results for increasing the autoclaving time (at I 20Â°C)
from I 0â€”60mm are reported. This series was car
ned out under standard conditions using solutions
from which oxygen was removed by purging with
nitrogen or through which air was bubbled, both
for 5 mm, immediately before autoclaving. At the
10- or 20-mm time intervals, the yield of nnmTc@PG
was considerably reduced in the aerated solutions and
the pertechnetate content was significantly increased.
At the longer autoclaving times almost identical
results were obtained in both nitrogen and air. Table
I also shows that the concentration of reactants
could be reduced to approximately three-fifths of the
standard quantities used before a significant increase
in free pertechnetate takes place, provided the total

Volume 16, Number 8 723
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creted into the intestine within 60 mm at which
stage the concentration in liver and kidneys was low.
The gallbladder showed some accumulation of ac
tivity, rising to a concentration of 45 % of the dose
per gram at 60 mm, whereas 99mTc@PGshowed a
gallbladder concentration of 371 % of the dose per

@ gram at 15 mm and 210% of the dose per gram

I at 60 mm. By 30 mm over 40% of the dose of

@ G9mTc..PGwas found in the intestine and thereafter
@ this value remained relatively constant. The urine

also contained a similar proportion of the injected
. dose. Most of the remaining activity was found in

@ the liver with small amounts present in other organs.
@ Figure 4 shows scintiphotosof the distribution

of 99mTcpG in a dog. Intense uptake of radioactivity
by the liver was seen clearly in the early phase of

@ the study but this gradually decreased to a faint
@ outline at about 60 min. The gallbladder commenced
@ to accumulate activity by about 20 mm and excellent
@ picturesof this organ were obtained using the pin

hole collimator. The dose of PG used in this study
was 3.2 mg/kg, assuming complete formation from
the reactants.

Toxicity studies. Table 4 shows the results ob
, tamedwithgroupsoftenmiceinjectedintravenously
!@ with doses increasing from 800 to 1 ,600 mg/kg.

The lower doses up to 1,000 mg/kg were generally
well tolerated (although one mouse died at 1,000
mg/kg) . The LD,0 was found to be approximately
1,400 mg/kg. At the higher dose levels, mice either
convulsed and died immediately the injection was
completed or remained depressed for several hours.
Most mice affected in the latter manner recovered
completely, although one animal died 60 mm after

..@@@ T@@ @,@@@ :-

FIG.3. Distributionofradioactivityinmicepicturedwithscm
tillation camera and pinhole collimator using â€˜Â°mTc-pyridoxal,
â€œ@â€˜Tc-PG,and @mTc-D-peniciIlamine.Numbers indicate time after
injectionin mm.

time intervals. With 9OmTc@pyridoxalapproximately
40% was excreted in the urine within 15 mm, in
creasing to 80% by I 20 mm. About 10% was ex

TABLE2. ORGANDISTRIBUTIONSOF 9GmTc@PYRIDOXALIN MICEAT VARIOUSTIMEINTERVALS

Bloodâ€”3.8Â±1.1â€”2.9Â±0.2â€”0.9Â± 0.1â€”1.5Â±1.4Heart0.2Â±0.013Â±0.50.1
Â±0.01.1 Â±0.10.0Â±0.00.4Â± 0.10.0Â±0.00.3Â±0.1Lungs0.6Â±0.13.3Â±070.3Â±0.12.4Â±0.40.1

Â±0.00.8Â± 0.10.1 Â±0.00.6Â±0.1Liver4.2Â±1.32.9Â±0.82.6Â±0.32.5Â±0.41.5Â±0.21.0Â±
0.303Â±0.103Â±OiGallbladder0.5Â±0.420.8Â±1.60.6Â±0.134.0Â±5.90.4Â±0.444.8Â±10.60.9Â±0746.5Â±12.9Spleen0.2Â±0.01.0Â±0.30.1

Â±0.003Â±0.20.1Â±0.00.2Â± 0.10.0Â±0.00.3Â±0.0Stomach0.6Â±0.21.3Â±0.80.5Â±0.01.5Â±0.10.1Â±0.00.2Â±
0.20.3Â±0.31.0Â±0.8Pancreas0.2Â±0.01.2Â±0.30.1Â±0.00.9Â±2.40.1Â±0.00.3Â±
Oi0.0Â±0.00.3Â±0.1Intestines5.6Â±0.813Â±0.36.6Â±1.52.7Â±0.410.6Â±1.73.1Â±
1.49.7Â±1.63.7Â±0.4Kidneys2.5Â±0.37.4Â±1.34.9Â±2.412.9Â±6.30.8Â±0.22.2Â±
0.503Â±0.013Â±1.0Brain0.1

Â±0.00.2Â±0.00.1 Â±0.00.1Â±0.00.0Â±0.00.1 Â± 0.00.0Â±0.00.0Â±0.0Muscleâ€”0.9Â±0.3â€”03Â±0.2â€”0.2Â±
0.0â€”0.2Â±0.0Boneâ€”1.4Â±0.3â€”1.2Â±0.2â€”0.4Â±
0.1â€”0.4Â±0.1Tail3.5Â±1.2â€”2.3Â±0.3â€”2.1Â±0.4â€”1.0Â±0.4â€”Urine41.3Â±33â€”54.3Â±2.3â€”70.9Â±3.5â€”79.7Â±5.0â€”Carcass46.0Â±1.0

106.0Â±2.5â€” â€”32.2Â±2.41050Â±2.1â€” â€”11.0Â±1.497JÂ±0.8â€” â€”5.9Â±0.4 99.0Â±4.1â€” â€”Total

(a) % Dose per organ, (b) â€˜I.Dose per gram. Mean resultsfor four mice Â± 1 s.d.
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15 mm 30 mm 60 mm 120 mm

Organ (a)

FIG.4. Scintiphotosof distributionofâ€œmTc-PGindog,show
ing anterior views at 16, 28, and 64 mm after injection obtained
with parallel-hole collimator. View at 42 mm taken with pinhole
collimator shows gallbladder.

(b) (a) (b) (a) (b) (a) (b)
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TABLE4. ACUTETOXICITYDATAFOR
99mTc..PGIN MICE

Dose Number Number Percent
(mg/kg) tested dead mortality

800 10 0 0
1,000 10 1 10
1,200 10 0 0
1,400 10 5 50
1,600 10 8 80

0.3Â± 0.1
0.2 Â± 0.0
0.4Â± 0.1
1.5Â± 0.3

210.0Â±119.0
0.2 Â± 0.0
0.4Â± 0.2
0.1 Â± 0.0
18.0Â± 3.3

1.6Â± 0.2
0.0 Â± 0.0
0.1 Â± 0.0
0.2Â± Oi

0.0Â±0.0
0.1 Â±0.0
2.3 Â±0.2
2.5Â±0.5
0.0Â±0.0
0.4Â±0.4
0.0 Â±0.0
42.3Â± 1.7

0.5 Â±0.0
0.0 Â±0.0

0.4 Â±0.1
46.3 Â±4.6

5.3 Â±3.1
100.0 Â±4.2103.0Â± 1.1 99.5 Â± 3.4

Blood
Heart
Lungs
Liver
Gallbladder
Spleen
Stomach
Pancreas
Intestines
Kidneys
Brain
Muscle
Bone
Tail
Urine
Carcass
Total

1.2Â± 0.1
0.4Â± 0.1
1.1 Â± 0.2
3.5Â± 0.3

371.0Â± 109.0
0.3 Â± 0.0
1.3Â± 1.3
0.4 Â± 0.0

14.7Â± 1.9
2.1 Â± 0.9
0.1 Â± 0.0
0.3Â± 0.0

0.6Â± 0.1

1.0Â± 0.1
0.3Â± 0.0
0.8Â± 0.1
2.6Â± 0.5

164.0 Â±38.0
0.3 Â± 0.0
0.8Â± 0.2
0.4 Â± 0.2
23.3Â± 3.2

3.5 Â± 3.3
0.1 Â± 0.0
0.2Â± 0.1
0.4 Â± 0.0

0.4 Â± 0.0
0.2Â± 0.0
0.4 Â± 0.0
2.1 Â± 0.1

136.0 Â±43.0
0.2 Â± 0.0
1.1Â± 1.1
0.2 Â± 0.0

22.3Â± 2.3
1.6Â± 0.1
0.0 Â± 0.0
0.1 Â± 0.0
0.2 Â± 0.0

0.0 Â±0.0
0.2 Â±0.0
4.2 Â±03
2.8 Â± 1.1
0.0 Â±0.0
0.6 Â±0.6
0.1 Â±0.0
32.7Â±3.8
0.8 Â±0.3
0.0 Â±0.0

1.6 Â±0.4
43.7Â±4.6
16.0Â± 1.9

103.0 Â± 6.5

0.0Â±0.0
0.1 Â±0.0
3.0 Â±0.5
1.8 Â±0.8
0.0 Â± 0.0
0.2 Â±0.1
0_iÂ±0.0

42.5 Â±2.2
1.4 Â±1.4
0.0Â±00

1.0 Â± 0.2
42.9Â±0.9
10.4 Â± 03

0.0 Â±0.0
0.1 Â±0

2.1Â±0.4
3.2Â± 2.4

0.0 Â± 0.0
0.2Â±0.1
0.3 Â±0.0

39.3 Â±2.1
0.6 Â±0.1
0.0 Â± 0.0

03 Â±0.1
47.8 Â±4.1

5.2 Â±0.7

(a) 0/, Dose per organ, (b) % Dose per gram. Mean results for four mice Â± 1 s.d.

given similar doses. None of the group of 15 mice
given cumulative doses of 2,820 mg/kg in ten equal
doses showed any reaction and the organs of five
of these mice revealed no significant histologic dif
ference from those of the controls. The preparation
was found to be sterile, pyrogen-free, and did not
produce an antigenic reaction when tested in guinea
pigs.

Reabsorption experiments. When radioactive bile
from a donor rat given O9mTc..PGwas injected di
rectly into the duodenum of recipient rats, the radio
activity appearing in the blood at 2 hr reached
0.02% of the dose per milliliter. No activity was
observed in the bladder at this time when the rats
were examined with the scintillation camera. Both
the bile and urine of the donor rat were examined
by electrophoresis and found to give almost identical
results with the main proportion of radioactivity re
maining at the origin (75% ), compared with 84%
for the original preparation. The o9mTc@pyridoxal
content increased in both to 19% from 12% orig
inally.

DISCUSSION

The reaction between 99mTc@pertechnetate and
pyridoxal that occurs in solution on autoclaving
under nitrogen yields a product behaving quite dis
tinctly from 9OmTcO,_ on electrophoresis. Although
conclusive evidence is not available at this stage, the
known properties of both pyridoxal and the element
technetium would strongly suggest that the com

y@-@ -@-@

@ -@-@-@@@@@@@@

â€” .-@

injection. This animal received 1,400 mg/kg. No
adverse effects were noted in a group of 20 mice
given 1,000 times the proposed human dose (i.e.,
282 mg/kg) nor in groups of I 3 rats and 6 cats
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pound we have investigated is a oomTc@pyridoxal
complex. Pyridoxal has the formula:

HC

HOC H2L@OH

CH3

The hydroxyl and aldehyde groupings provide a
bidentate chelate function analogous to salicylalde
hyde, a ligand known to form numerous metal corn
plexes. It could also act as a simple monodentate
ligand by coordination of the pyridine nitrogen atom.
Recent radiopharmaceutical preparations have pro
vided abundant evidence that 99Â°'Tcis able to form
complexes with suitable ligands such as DTPA (16),
pyrophosphate (1 7) , etc., provided the system in
cludes a reducing agent capable of producing tech
netium in a lower oxidation state than +7 as found
in TcO, . The lower oxidation state, probably +4
(16), is capable of combining with suitable ligands
but the products should be kept under nitrogen or
with a suitable excess of reducing agent to prevent
atmospheric oxidation.

Apart from the chelating function, pyridoxal also
provides a reducing function in the aldehyde group
of the molecule. This action is a well-known prop
erty of aldehydes in general. Thus the combination
of both these properties would suggest that a 9omTc@
pyridoxal complex is formed.

The inclusion of L-glutamate in the reaction mix
ture produced a new Â°@Â°Tcspecies, electropho
retically different from 99mTc@pyridoxal. Again the
evidence is not conclusive but the most likely possi
bility is the formation of a â€˜Â°â€œTccomplex of the
Schiff-base pyridoxylideneglutamate. This compound
may act as a tridentate ligand:

0
II

N /C\
CH OH

N
HC'@

HO.C@ 0H

@N CH3

Following ionization of the phenolic and carboxyl
hydrogen atoms, coordination of these groups to a
metal ion together with the imine nitrogen atom

would result in the formation of a chelate containing
fused five- and six-membered rings.

In general, the main impurity in the preparation
is OOmTc..pyridoxal. The series of experiments carried
out to optimize the yield of 9omTc@PGshowed that
the 99mTc..pyndoxal content of the preparation was
usually 10â€”12%. Choosing a pH closer to 9.0 may
reduce this value slightly (Fig. 2) . However, the
yield of Â°9@'Tc-PGbegins to drop markedly at this
point so that a pH close to 8.0 is preferred.

In vivo studies using the scintillation camera
showed that OOmTc.pyridoxal behaved in a markedly
different manner from Â°9@'Tc-PGin mice. With the
latter compound, the presence of radioactivity in
the intestine suggested a biliary excretory mecha
nism, particularly as the gallbladder was visualized
in most cases. It is worth noting, however, that gall
bladder uptake in mice cannot be considered a re
liable phenomenon because in some instances we
failed to observe uptake in an individual animal
whereas its litter-mates gave good results with the
same preparation of OOmTc_PG In each case, how
ever, normal intestinal activity was observed, mdi
cating that biliary excretion was not restricted in the
anomalous individual animals. Compared with o9mTc@
D-penicillamine, 99mTc@PGappeared in the gallblad
der and intestine much more rapidly. The former
compound was found to require a period of 60â€”90
mm before good-quality images of the mouse gall
bladder could be obtained. In humans, a period of
3 hr has been recommended (18) . The results of
the quantitative distribution studies of oomTc_pyri_
doxal and 9OmTcpG confirm the interpretation of
the scintillation camera studies of these two com
pounds. One of the main differences in the biologic
distribution is the higher percentage of 9DmTc_
pyridoxal excreted in the urine. The concentration
of radioactivity in the gallbladder at 60 mm is quite
low when compared with DomTc@PG,which was a
factor of eight times greater by the end of the first
15 mm. This result decreased over the successive
time intervals, the erratic behavior being probably
due to contraction of the gallbladder.

These results demonstrate a good potential for
human use of 99mTc..PG, apart from the fact that
nearly 50% is excreted in the urine of the mouse.
This was not considered a major drawback since
the distribution indicated that renal retention re
mained quite low, falling to less than I % of the in
jected dose by 60 mm. The presence of an entero
hepatic circulation seems unlikely, at least in the
rat, in view of the appearance of only minor amounts
of activity in the blood or urine when bile containing
excreted ftomTc_PG was injected directly into the
duodenum of recipient rats. Although minor changes
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occurred in the electrophoretic pattern of both bile
and urine, it is likely that @Â°â€˜Tc-PGis excreted un
changed by both these routes although the presence
of degradation products with similar electrophoretic
behavior has not been excluded.

The results of sterility, pyrogenicity, and anti
genicity studies and of toxicity studies in mice, rats,
and cats indicate that 99mTc@PGis suitable for use in
humans with a wide margin of safety. There was a
low incidence of toxic effects up to 1,000 mg/kg.
This dose represents 3,500 times the proposed hu
man dose, assuming that one-quarter of the prepara
tion (19.7 mg PG ion) is injected. Although no
information is available on the biologic effects of PG,
the starting materials or closely related compounds
have been used in humans at dose levels many times
that employed in the preparation of Â°9Â°'Tc-PG.

Large doses of monosodium glutamate have been
used for the treatment of hepatic coma, up to 25
gm being infused intravenously (1 9) . The quantity
injected in a proposed diagnostic dose of o9mTc@PG
prepared according to the method given (6 mCi in
1.0 ml) is equivalent to 9.8 mg of glutamic acid.
This would raise the plasma glutamate level in a
70-kg man to approximately 11.2 mg/liter, which is
a 44% increase over the mean fasting level of 7.8

mg/liter (53 Â± 16 @mole/liter) (20) . Earlier re
ported plasma glutamate levels appear to be errone
ously high due to breakdown of glutamine which is
normally present at about 15 times the concentration
of glutamate (21 ) . Pyridoxine, one of the intercon
vertible forms of vitamin B6, has been used intra
muscularly in humans in doses as large as 1 gm as
the hydrochloride salt (22) while pyridoxal hydro
chloride has been found to have an LD@) of 390
mg/kg when injected intravenously in the mouse
(23). This is more toxic than we have observed if
the pyridoxal content of the PG preparation is con
sidered and may be due to acidosis induced by the
hydrochloride salt used in that study.

In summary, @59Â°'Tc-PGappears to be a suitable
agent of low toxicity for use in humans for the in
vestigation of biliary tract disorders.
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