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%mTc-(Sn)-PYRIDOXYLIDENEVALINE

#mTe-(Sn)-PYRIDOXYLIDENEISOLEUCINE:
Potential Radiopharmaceuticals for Hepatobiliary Tract Imaging

Makoto KATO and Masaaki HAZUE*

1. Introduction

Several mTc-labeled radiopharmaceuticals
thus far have been reported for hepatobiliary tract
imaging, including ®®™Tc-penicillamine?, *mTc-
tetracycline®, 9mTc-2-mercaptoisobutylic acid
(**mTc-MIBA)®, *mdihydrothioctic acid?, **=Tc-
N-(2, 6-dimethylphenylcarbamoylmethyl) imino-
diacetic acid (**=Tc-HIDA)®, mTc-kethoxalbis
(thiosemicarbazone) (**@Tc-KTS)® and ®°mTc-
pyridoxylideneglutamate (°**=Tc-PG)”. A succes-
sful investigation has been carried out to find
better hepatobiliary imaging agents and this com-
munication reports the results of preliminary
studies on the two titled promising agents.

2. Materials and methods®

2.1 Preparation of Sn-pyridoxylidenevaline (Sn-
PVal) in kit form
Pyridoxal hydrochloride (3,665 mg, 18.0 mM),
L-(+)-ascorbic acid (as the stabilizer, 70 mg,
0.4 mM) and anhydrous stannous chloride
(15.2 mg, 0.08 mM) were dissolved successively
in 100 m/ of sterile, apyrogenic and oxygen-free
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(deoxygenized by nitrogen gas bubbling) water

(solution A).

In another vessel, sodium hydroxide (1,440 mg,
36.0 mM) and L-valine (2,109 mg, 18.0 mM) were
dissolved in 100 ml! of sterile, apyrogenic and
oxygen-free water (solution B). Then, while
stirring, solution B was poured into solution A.
Finally, 2.2 m!/ of the resultant bright-yellow solu-
tion was dispensed through a 0.22 gm Millipore
filter into sterile 3 m/ ampules and each ampule
was flame sealed. All of the above processes were
carried out under a nitrogen atmosphere. This
Sn-PVal kit reagent (pH 8.52) was stored at 4°C
until use.

2.2 Preparation of Sn-pyridoxylideneisoleucine
(Sn-Plle) in kit form

An analogous method to that described above
was adopted with the replacement of L-valine by
L-isoleueine (2,361 mg, 18.0 mM) as the only
modification. (pH 8.55).

2.3 Preparation of °*=Tc-(Sn)-pyridoxylideneva-
line [**@Tc-(Sn)-PVal] and °°=Tc-(Sn)-
pyridoxylideneisoleucine [**=Tc-(Sn)-Plle]

These two °mTc-labeled complexes were pre-
pared by mixing 1.5 m/ of each kit reagent with
1.5 ml of ?°mTcO,~ solution (5-10 mCi, in isotonic
saline, obtained by MEK extraction method in
our laboratory) in a 3.5 m/ sterile vial, and incu-
bated for 1 hr at room temperature, respectively.
2.4 Thin-layer chromatography

A drop of each ?mTc-labeled complex solution
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Table 1 Organ distribution of ?™Tc-(Sn)-PVal and 2°™Tc-(Sn)-Plle in rats*

5 min 20 min 60 min
Organ PV) PI) PV) (PI) (PV) (PI) 9mTc-PGT
Liver 27.3 21.3 4.63 4.16 1.46 0.78 11.5
Small intestine 48.4 59.3 86.5 87.4 93.6 96.4 66.9
Large intestine 0.94 0.92 0.22 0.32 0.13 0.05 0.79
Stomach 0.52 0.32 0.08 0.01 0.03 0.00 0.28
Spleen 0.13 0.07 0.03 0.00 0.02 0.01 0.21
Lung 0.60 0.56 0.42 0.22 0.18 0.08 0.93
Heart 0.17 0.16 0.09 0.06 0.04 0.05 0.13
Kidneys 2.91 1.92 1.04 0.99 0.99 0.78 2.17
1 ml Blood 0.62 0.43 0.12 0.12 0.09 0.03 0.43
Carcass 14.7 12.5 6.31 5.86 2.711 1.98 18.1
Urine 7.30 8.07 13.9 11.1 14.7 11.9 47.8

(PV)....9mTc-(Sn)-PVal, (PI)....%™Tc-(Sn)-Plle
* Each value represents the mean results for five rats. The values are expressed as % of activity remaining
in the body except for urine in which they are expressed as % of total injected activity.

T Prepared by Baker’s method?.

percent activity

1
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Fig. 1 Organ distribution of ?mTc-(Sn)-PVal in rats
at various time intervals after i.v. injection.
Each point is the mean for five rats. The data
is expressed as % of activity remaining in the
body except for urine in which it is expressed
as % of total injected activity.
@ small intestine, O liver, A kidneys,
X urine (cumulative), A 1m/ bloodx 10

was charged on a silica gel plate (Merck No. 60,
0.25 mm thickness) and was developed with 909,
methanol-MEK (1:1) before the charged spot
dried. The distribution of radioactivity on the
plate was measured by a thin-layer scanner.
2.5 In vivo distribution study

Female rats (Sprague-Dawley), weighing 160-
180 gm, were injected intravenously with 0.2 m!/
of the **mTc-labeled complex solutions. At specific
time intervals, the animals were killed and dis-
sected. Blood (6-9 ml) was collected by aortic
puncture with heparinized syringe, and isolated
organs were collected in plastic cups and were
counted on a scintillation counter.

3. Results

3.1 Chromatographic behavior

The analysis of %m™Tc-(Sn)-PVal and ®=Tc-
(Sn)-PIle by thin-layer chromatography showed
that the labeling efficiency to the kit reagents was
practically 100%. Both of these two ®=Tc-
labeled complexes had an Rf value of 0.78-0.85
and showed a sharp single peak on the scanning
chromatogram. With this chromatographic system,
9smTcO,~ had an Rf value of 0.95-0.98, both
99mTc-pyridoxal and °=Tc-Sn colloid remained
at the origin.
3.2 In vivo distribution

The in vivo tissue distribution of the radio-
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activity indicated that these °°mTc-labeled com-
plexes are very rapidly cleared from the blood by
the liver, and are excreted into the small intestine
(Table 1, Fig. 1). Table 1 also shows the distribu-
tion of %=Tc-PG [prepared according to the
method reported by Baker et al”] at 1 hr after
the administration. It is worthwhile to compare
the in vivo behavior of our new agents with that
of **mTc-PG in animals since the clinical advant-
ages of %*mTc-PG have been reported by several
investigators®: 10, 11,

Chromatographic and in vivo behavior had no
change for kit reagents stored for 60 days and
complexes were stable for 48 hrs after °°mTc-
labeling.

4. Discussion

In addition to the two titled agents, we have
prepared several ?°=Tc-(Sn)-pyridoxylideneami-
nates using L-glutamic acid, L-glycine, L-alanine,
L-phenylalanine, L-leucine and so forth as con-
stituent amino acid following the analogous
method to that described above, and their in vivo
and chromatographic charactors were studied.

The stereochemical consideration of the most
probable structure of these labeled complexes leads
us to the conclusion that the in vivo behavior of
these ?°mTc-complexes are closely related to the
molecular hydrophobicity of the complexes, be-
cause ?°mTc-(Sn)-pyridoxylideneleucine also ex-
hibits good charactors as the hepatobiliary tract
imaging agent as well as the two titled compounds.

In the course of this study, it has been revealed
that the charactors of °°mTc-(Sn)-pyridoxylidene-
glutamate are quite different from that of **mTc-
PG prepared by the autoclaving method”. Snell
reported that transamination proceeds up to 859%
under the condition (120°C, 30 min)'? that
adopted by Baker et al”, therefore, the resulting
solution contains 2-ketoglutarate and pyridoxa-
mine as well as glutamate, pyridoxal and PG. At
the same time, the tautomerization of the Schiff’s
base occurs'®. These subreactions make the
chemistry of the final **™Tc-PG solution quite
complicated even if °°mTc was really chelated by
PG. On the other hand, our method using
divalent tin as the reductant enables us to label
pyridoxylideneaminates with **=Tc under a mild
condition.
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Furthermore, it is a noteworthy result that we
have succeeded in specific ?*™Tc-labeling of
pyridoxylideneaminates in an alkaline media
(pH 8-9). Many investigators indicated that ““if new
methods of technetium labeling could be developed
in alkaline media, the number of valuable techne-
tium radiopharmaceuticals would rapidly ex-
pand!¥”, To the best of our knowledge, this is
the first report that presents the method for tech-
netium labeling in an alkaline media using divalent
tin as the reductant.

It is well known that, even under an inert at-
mosphere, ionic divalent tin, such as stannous
halides, undergoes hydrolysis to form Sn-colloid
when the pH of the solution is raised to the alkaline
region. If large excess of strong chelating regaent,
such asEDTA, however exists together with divalent
tin, chelate complex formation occurs prior to
hydrolysis even at pH 9-10'®. At the present stage
of our investigation we have observed some evid-
ence that divalent tin is first chelated by pyridoxal
in solution A (pH 2-3) and the resulting Sn-pyri-
doxal complex is then converted into Sn-pyridoxy-
lideneaminate complex in solution B (pH 8-9).

So, it is not the ionic divalent tin (stannous
chloride) but it is the Sn-pyridoxylideneaminate
complex that reduces technetium from the hepta-
valent to a low valency state when the kit reagent
is incubated with ?*®TcO,-. These mechanisms in
the preparation of kit reagenets and technetium
labeling enable us to prevent the formation of
99mTc-Sn-colloid and to succeed in specific label-
ing of pyridoxylideneaminates with technetium in
an alkaline region.

In vivo distribution of ®*=Tc-(Sn)-PVal and
99mTc-(Sn)-Plle in rats indicates the possibility of
these agents as hepatobiliary tract imaging
radiopharmaceuticals. The initial blood clearance
rate of these ?*mTc-complexes is comparable to
that of ?*mTc-radiocolloids. Urinary excretion of
the radiopharmaceuticals was relatively small and
completed within a short time after the admini-
stration. The excretion of activity from liver into
small intestine was very rapid.

Further work is now in progress including
scintigraphic study using rabbits, studies on some
other ®mTc-(Sn)-pyridoxylideneaminates, pro-
longed stability of kit reagents, in vitro and in vivo
stability of technetium labeled complexes, chemi-
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stry of labeling mechanisms and toxicity of the
pharmaceuticals.

Acknowledgement
The authors wish to express their appreciation
to all the colleagues of the Technical Department,
Nihon Medi-Physics Co., Ltd. for their valuable
assistance.

References

1) Krishnamurthy GT, Tubis M, Endow JS, et al:
99mTc.penicillamine-a new radiopharmaceutical
for cholescintigraphy. J Nucl Med 13: 447, 1972

2) Fliegel CP, Dewanjee MK, Hofman LB, et al:
99mTc tetracycline as a kidney and gallbladder
imaging agent. Radiology 110: 407-412, 1974

3) Lin TH, Khentigan A, Winchell HS: A 99mTc-
labeled replacement for 131]-rose bengal in liver and
biliary tract studies. J Nucl Med 15: 613-615, 1974

4) Tonkin AL, Deland FH: Dihydrothioctic acid: a
new polygonall cell imaging agent. J Nucl Med 15:
539, 1974

5) Loberg MD, Cooper M, Harvey E, et al: Develop-
ment of new radiopharmaceuticals based on N-
substitution of iminodiacetic acid. J Nucl Med 17:
633-638, 1976

6) Yokoyama A, Terauchi Y, Horiuchi K, et al:
Technetium-99m-kethoxal-bis (thiosemicarbazone),
an uncharged complex with a tetravalent 99mTc
state, and its excretion into the bile. J Nucl Med 17:
816-819, 1976

7) Baker RJ, Bellen JC, Ronai PM: Technetium-99m-

14 % 6 5 (1977)

pyridoxylideneglutamate: a new hepatobiliary
radiopharmaceutical. I. Experimental aspects.
J Nucl Med 16: 720-727, 1975

8) The details of the chemistry and preperation of the
complexes will be published elsewhere. The patent
applications covering various analogous compounds
and methods of the similar nuclear-medical charac-
teristics are now pending.

9) Ronai PM, Baker RJ, Bellen JC, et al: Technetium-
99m-pyridoxylideneglutamate: a new hepatobiliary
radiopharmaceutical. II. Clinical aspects. J Nucl
Med 16: 728-737, 1975

10) Kubota H, Eckelman WC, Poulose KP, et al:
Technetium-99m-pyridoxylideneglutamate, a new
agent for gallbladder imaging: comparison with
131]-rose bengal. J Nucl Med 17: 36-39, 1976

11) Stadalnik RC, Matolo NM, Jansholt AL, et al:
Technetium-99m pyridoxylideneglutamate (P.G.)
cholescintigraphy. Radiology 121: 657-661, 1976.

12) Snell EE: The vitamin B6 group. V. The reversible
interconversion of pyridoxal and pyridoxamine by
transamination reactions. J Am Chem Soc 67:
194-197, 1945.

13) Matsuo Y: Pyridoxal catalysis of non-enzymatic
transamination in ethanol solution. J Am Chem Soc
79: 2016-2019, 1957

14) Subramanian G, Rhodes BA, Cooper JF, Sodd VJ:
Radiopharmaceuticals. New York, The Society of
Nuclear Medicine Inc., 1975, p6

15) Smith TD: The chelates formed by tin (II) with
certain amino-polycarboxylic acids. J Chem Soc
1961: 2554-2557

Presented by Medical*Online



931

9uTe-(Sn)-EY) KXY FonR) Yy, PTe«(Sn)-EY) FX2YFrq4vyn4oy
# LW ERREARAEERR L L TOTHEMSE

o A

H E & E®B

HAAY 7 4P v 7 RBEREHEHTER

2 F

2 L FFREE R BB 2 A A P R 3R dh D B
$EM L LT pH 89 kT2 x (D) &:&EAl
L439Te-) Fx2 Y F o7 IR MEED
Bk LB oh ko EIC oW THI L.

pH2-3 zBWTEF Snll-v' Y K4 — ik
PAEREHE, KWT pHEI T W T % Snll-
EY RV VFU7 IRA MERCEBRL, 20
gtk L ¥nTcO,- 2RIGESEDZ LICX ) BHD
9mTc gEK FIBINMICE D Z LN TE .

9mTe-(Sn)-£'Y KL YFv Yy, -4 Vug
YVIRDWTRM LR, Elds v FREL
9nTcO,” WK Z KB CRA T2 X1 TE#ER & h,
BERBITERMIC 100% THho7e.

5 v b AV BRI A ER TIRRBIRA IC 8
Exnkzn2 D *™Te-$5{E 134 & 2 b IThF

B L D ZEh, DVTTHLBIMI~BITL
7o B 5% 1 Bl % T IR TR BE 0 93-96%
DIFFRR 2 AR TN ~BBIT L 7=,

7 v MTB T B RERHENS M L+ TIERKRE
BRENEEShTWS "2 Tc-PG(+—h 7 L—
&R, Bakeretal) LHBiL =R, EE5 0D
9mTc-(Sn)-g&{k it *=Tc-PG L VY iz 3 2ic <&
NEEEERL, Z02BOEKOH LV FFEY
FREERER L L TORMBEMEEZAR TR 72,

ERRBCHETIERLIVER, vyxXaE
BEML Licr-h A FIC X BEBEHY v F 7 1 b
4 A=Y O, thoBs07 I BERAVWTH
ML 7= RIRESESA Iz > W T DRFZE, B0 in vitro,
in vivo 281} 2 LEMHE DA, MADFH 0 F
i, R EEGETFTHY, E4FRERBETITF
ETH5.

Presented by Medical*Online



	0927
	0928
	0929
	0930
	0931



