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[99mTc]HM-PAOexists as two Stereoisomers,d,1 and meso, only one of which is retained in
the brain. It has been suggested recently that the biodistribution of ["mTc]d,1-HM-PAO can

be explained by its interaction with glutathione (GSH) in the tissues. We studied the
interactions of the d,1 and meso isomers with GSH in vitro by measuring the partitioning of
activity between ethyl acetate and aqueous GSH solutions at various concentrations.
Partitioning of both isomers demonstrated a sigmoidal relationship with GSH concentration,
but the d,1 isomer showed eightfold greater reactivity than the meso isomer. In a separate
experiment, the d,1 isomer showed a sevenfold greater interaction rate with GSH than the
meso isomer. These results suggest that the Stereoisomers of ["TcJHM-PAO show

differences in their interaction rate with GSH which may explain their different retention in the
brain.
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T.. echnetium-99m hexamethyl propyleneamine ox-
ime ([99mTc]HM-PAO)was developed as a radiophar-

maceutical for imaging regional cerebral perfusion (7).
HM-PAO exists as two Stereoisomers, d,l and meso,
which show different in vivo behavior. Although both
isomers are extracted into the brain, only the d, l isomer
is retained while the meso isomer washes out ( / ). The
commercial radiopharmaceutical kit contains only the
d, l isomer (Ceretec, Amersham Canada Limited, Oak-
ville, ON).

Addition of pertechnetate to an HM-PAO kit pro
duces a mixture of radiochemical species that changes
with time. In addition to the desired lipophilic [99mTc]
HM-PAO complex, there are free pertechnetate, re-
duced-hydrolyzed technetium, and an unidentified sec
ondary complex which is less lipophilic than [99mTc]

HM-PAO (2).
It has been suggested recently that the biodistribution

of [WnTc]d,l-HM-PAO can be explained by an inter

action of the lipophilic complex with glutathione (GSH)
in the tissues (3). We investigated the hypothesis that
the difference in retention of the two isomers in the
brain might be explained by a difference in interaction
with GSH.
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MATERIALS AND METHODS

Solutions of d, 1- and meso-[99mTc] HM-PAO were prepared
as reported previously (1,2) by adding 1,500 MBq [99mTc]

pertechnetate in 2.5 ml saline to kits containing 0.5 mg of the
ligand. The radiochemical purities were determined by a three-

system Chromatographie technique (1,2) and by a simple
extraction procedure validated in our laboratory (4).

Solutions of GSH (reduced form, Aldrich Chemical Co.,
Milwaukee, NJ) were freshly prepared at concentrations be
tween 0.01 and 10 mg/ml in distilled water. Solutions of d,l-
or meso-[99mTc]HM-PAO were freshly prepared and the lip

ophilic complex was extracted into ethyl acetate. Aliquots of
0.05 ml of the ethyl acetate solutions were added to test tubes
which contained 3 ml ethyl acetate and 3 ml GSH solutions
at each concentration or 3 ml distilled water as blank. The
tubes were immediately capped and mixed on a vortex mixer
for 1 min, then centrifuged briefly to separate the phases. The
top phase was transferred to a fresh tube, and the activity in
each phase was measured in a dose calibrator, to allow calcu
lation of the % activity extracted into the aqueous GSH phase.

A second series of experiments examined the time course
of the interaction. Aliquots of 0.1 ml freshly prepared d,l- or
meso-[99mTc]HM-PAO were added to test tubes which con

tained 3 ml ethyl acetate and 3 ml GSH solution (0.1 mg/ml)
or 3 ml distilled water as blank. The tubes were mixed for 0.5,
1, 2, or 4 min and analyzed as above.

RESULTS

The radiochemical purities of all preparations of d,l-
and meso-[99mTc]HM-PAO were >89% at the time of
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use. The results in Figure 1 show the effect of GSH
concentration on extraction of the two isomers into the
aqueous phase. In the absence of GSH, <5% of the
activity from each isomer was present in the aqueous
phase as hydrophilic impurities. Conversely, at high
concentrations of GSH, >98% of the activity from each
isomer was present in the aqueous phase. However, at
intermediate concentrations of GSH, the d,l isomer
partitioned into the aqueous phase to a greater extent
than the meso isomer and there was a sigmoidal rela
tionship between GSH concentration and % extracted.

This experiment used as starting materials the lipo-
philic complex of [99mTc]HM-PAOpurified by extrac

tion into ethyl acetate. Results obtained when the kit
solutions were used directly (without purification) were
similar after correction for the contribution due to
~10% hydrophilic impurities (data not shown).

Table 1 shows the effect of the mixing time on
partitioning of the two isomers at GSH concentrations
of 0 or 0.1 mg/ml. In the absence of GSH, the %
extracted did not increase with mixing time for either
isomer. In the presence of GSH, the % extracted in
creased with time, but the d,l isomer was extracted to
a greater extent than the meso isomer.

The blank values were used to correct the results
obtained in the presence of GSH for the contribution
due to hydrophilic impurities. These corrected values
were subtracted from 100% to obtain the % remaining
in the organic phase. Although the mixing time was
carefully controlled, interaction between [99mTc]HM-

PAO and GSH continued to an unknown degree until
centrifugation and separation were complete. There
fore, the data for the two isomers were extrapolated

TABLE 1
Effect of Mixing Time on Extraction of d,1- and meso-

["TcJHM-PAO into Aqueous Solutions

% Extracted into aqueoussolution*Mixing

time(min)0.5124[GSH]
=07776d,l.7

+9Â±.4

Â±6Â±n

=l0.21.00.51.03[GSH]

= 0.1mg/mlmeso

d,l9.48.98.27.6n+++Â±=0.80.70.30.33395065761

Â±3Â±0Â±.3Â±n

=4.411.910.00.74meso17.919.120.524.9nÂ±1.5Â±2.4Â±1.4Â±2.0=4

â€¢Mean Â±s.d. for n determinations.

back to their point of intersection to estimate the effec
tive reaction time, which turned out to be 1.2 min
longer than the mixing time. This is a reasonable value
given the manner in which the experiment was actually
performed. Figure 2 presents a semi-log plot of %
remaining in the organic phase as a function of the
effective reaction time. The rates of disappearance
(slopes) were 0.24 and 0.035 %/min for the d,l and
meso isomers, respectively.

DISCUSSION

It was originally believed that retention of [99mTc]
HM-PAO in the brain and other tissues involved rapid
conversion to the secondary complex (2). We previ
ously have demonstrated that this conversion does not
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FIGURE 1
Effect of GSH concentration on extraction of d,1- and
meso-[99mTc]HM-PAO into aqueous GSH solutions. Each
point is mean Â±s.d. for five determinations. d,1-[99mTc]
HM-PAO: D D, meso-[99mTc]HM-PAO: A A.
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FIGURE 2
Semi-log plot of corrected % activity remaining in organic
phase as a function of effective reaction time. Each point
is mean Â± s.d. for four determinations. d,1-[99mTc]HM-
PAO: D D, meso-[99mTc]HM-PAO: A A.
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occur spontaneously in a lipophilic environment as the
conversion of thallium-201 diethyldithiocarbamate
([20'T1]DDC)to a polar species does (5). It recently has
been suggested that the retention of [99nTc]d,l-HM-

PAO in the brain involves interaction with GSH (3),
but the possible reaction of the meso isomer with GSH
has not to our knowledge been reported.

In the absence of GSH, <5% of the activity from
each isomer was present in the aqueous phase, as hy-
drophilic impurities, while lipophilic HM-PAO parti
tioned into the organic phase. The quantitative extrac
tion of both isomers by high concentrations of GSH
shows that both isomers can interact with GSH. How
ever, the differences in partitioning of the isomers at
intermediate GSH concentrations suggest that the d, 1
isomer shows a more rapid interaction with GSH and/
or a greater affinity for GSH. The shift between the
sigmoidal curves for each isomer represents an approx
imately eightfold difference in reactivity.

In the second experiment, the % extracted into the
aqueous GSH phase increases with reaction time and
the d, l isomer is extracted to a greater extent than the
meso isomer. These effects are not seen in the absence
of GSH and therefore are not due to nonspecific decom
position. When account has been taken for the contri
bution due to hydrophilic impurities and the effective
reaction time, the difference in slopes in Figure 2 sug
gests that the rates of interaction of the two isomers are
different, and this seven-fold difference may explain
the eightfold difference determined from the data in
Figure 1.

The chemical form of the activity in the GSH solu
tion was examined with the three-system Chromato
graphie technique (2), but this method was too crude

to identify the species present with any certainty. Gra
dient high-pressure liquid chromatography (HPLC) will
be required to differentiate between such possibilities as
a complex between GSH and HM-PAO or catalysis by
GSH of the conversion of lipophilic HM-PAO to the
secondary complex.

In conclusion, these results suggest that the stereoiso-
mers of [99mTc]HM-PAOshow differences in their in

teraction with GSH, which may explain their different
retention in the brain.

ACKNOWLEDGMENT

This work was presented in part at the 9th Annual Meeting,
Eastern Great Lakes Chapter, Society of Nuclear Medicine,
Niagara Falls, NY, May 6, 1988.

REFERENCES

1. Sharp PF, Smith FW, Gemmell HG, et al. Techne-
tium-99m HM-PAO stereoisomers as potential agents
for imaging regional cerebral blood flow: human vol
unteer studies. J NucÃ­Med 1986; 27:171 -177.

2. Neirinckx RD, Canning LR, Piper IM, et al. Techne-
tium-99m d,l-HM-PAO: a new radiopharmaceutical
for SPECT imaging of regional cerebral blood perfu
sion. J NucÃ­Med 1987; 28:191-202.

3. Neirinckx RD, Harrison RC, Forster AM, Burke JF,
Andersen AR, Lassen NA. A model for in-vivo behav
iour of Tc-99m d,l HM-PAO in man [Abstract]. J
NucÃ­Med 1987; 28:559.

4. Ballinger JR, Reid RH, Gulenchyn KY. Radiochem-
ical purity of [99mTc]HM-PAO [Letter]. J NucÃ­Med
1988; 29:572-573.

5. Ballinger JR, Gulenchyn KY. Cerebral perfusion im
aging [Letter]. / NucÃ­Med 1987; 28:1364.

2000 Ballinger,Reid,andGulenchyn The Journal of Nuclear Medicine




