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Distribution of Glutathione and Technetium-99m-
meso-HMPAO in Normal and Diethyl Maleate-
Treated Mouse Brain Mitochondria
Toru Sasaki, Yasuhisa Fujibayashi and Michio Senda
Positron Medical Center, Tokyo Metropolitan Institute of Gerontology, Tokyo; and Faculty oj Pharmaceutical Sciences, Kyoto
University, Kyoto, Japan

The aim of this study was to explain the contribution of mitochondria
to the accumulation of ""Tc-meso-hexamethyl propyleneamine

oxime (HMPAO) in the brain, after examinations were performed.
Methods: We studied subcellular distribution of ""Tc-meso-

HMPAO and glutathione (GSH) in normal and diethyl malÃ©ate
(DEM)-administered mice. Results: In normal brain, major radioac
tivity was found in the mitochondrial (49.0%) and cytosolic fractions
(33.0%), while the GSH content was high in the cytosol (63.2%) and
mitochondria (30.6%). The radioactivity in mitochondrial, cytosolic,
microsomal and nuclear fractions was decreased in a dose-depen
dent manner by DEM, a GSH depleting agent, to 32.2% (mitochon
drial) and 24.7% (cytosolic) of the control by a dose of 550 mg/kg.
The GSH content in mitochondrial and cytosolic fractions also
decreased in a dose-dependent manner on DEM treatment to
29.3% (mitochondrial) and 30.0% (cytosolic) of the control by 550
mg/kg of DEM. A good correlation was found between the uptake of
"Tc-meso-HMPAO and GSH content in mitochondrial, cytosolic

and nuclear fractions, with a correlation coefficient (t)of 0.814,0.834
and 0.784, respectively. Conclusion: Mitochondria are a major
subcellular fraction for the uptake of ""Tc-meso-HMPAO by the

brain, and GSH in mitochondria contributes to the accumulation of
""Tc-meso-HMPAO.

Key Words: subcellular distribution; glutathione; mitochondria;
technetium-99m-/neso-hexamethyl propyleneamine oxime; brain

J NucÃMed 1998; 39:2178-2183

J.echnetium-99m-Â¿,/-hexamethyl propyleneamine oxime
(HMPAO) has been used widely as a blood flow imaging agent
for the brain. In our previous study (7), we found that the
uptake of meso-isomer of 99mTc-HMPAO was decreased in

diethyl malÃ©ate(DEM, a glutathione depletor that acts through
glutathione S-transferase)-treated mouse brain accompanying a
decrease in glutathione (GSH) content, but that ^9mTc-d,l-

HMPAO uptake was not affected by the same treatment. In
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another experiment (2), we found similar observations in
DEM-treated rat brain and buthionine sulfoximine (BSO, a
GSH depletor that acts through y-glutamylcysteine)-treated

mouse brain. Based on these observations, we suggested the
weso-isomer of 99mTc-HMPAO be used as a GSH imaging

agent for the brain.
The exact mechanism of the retention of 99mTc-HMPAO,

either d,l- or meso-, has not been clarified, although the
following is proposed. As a lipophilic compound, 9mTc-

HMPAO diffuses across the blood-brain barrier and is rapidly
converted to a hydrophilic form retainable within the brain
tissue. GSH is supposed to be responsible for the hydrophilic
conversion and for the retention of 99mTc-HMPAO in the brain
(3,4). We found that 99mTc-HMPAO showed reactivity not only
to GSH but also to other molecules possessing a â€”SH group,
such as GSH analog (Gly-Cys-Glu) and cysteine. However,
99mTc-HMPAO did not react with oxidized GSH or ascorbic

acid. In a previous study (2), we determined the thiols in the
nonprotein and protein-fractions of DEM-treated mouse and
indicated that the nonprotein thiols were responsible for the
retention of 99mTc-HMPAO in the brain. GSH accounted for

almost all of nonprotein thiols in the brain. Another experiment
in mouse brain homogenates indicated that GSH is a major
contributor to the retention of 99mTc-HMPAO in the brain (2).

The rate of conversion of 99mTc-uf,/-HMPAO to hydrophilic
complex by GSH was much higher than that of 99mTc-/weso-

HMPAO: the same rate is achieved at only 1/37 the GSH
concentration (2). Therefore, the kinetics of 99mTc-d,/-HMPAO

are virtually unaffected by the GSH content, while uptake is
determined mainly by blood flow. On the other hand, the
conversion of "Tc-weso-HMPAO to the retainable form by

GSH is slower than the washout of the diffusible form from
brain to blood. Accordingly, the uptake of meso-isomer reflects
GSH content more than does blood flow.

In an in vitro study, Fujibayashi et al. (5) demonstrated that
the conversion of 99mTc-d,/-HMPAO to hydrophilic complex in

brain homogenates was enhanced when mitochondiral mem-
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brane was destroyed by heat treatment or detergents. They
speculated that an unidentified factor, which has a -SH and is

not an enzyme, contributes to that reaction. Since mitochondria
do not synthesize GSH de novo (6), GSH is supplied from the
cytosol by a mitochondrial GSH transport system (6,7). Re
cently, the mitochondrial GSH transporter was identified as
different from sinusoidal or canalicular GSH transporters (7).
The GSH concentration in mitochondria is maintained at a
higher level than that in cytosol by this transport system (8,9).
These findings led to our interest in the relation between the
GSH content and in vivo uptake of 99mTc-/we.so-HMPAO in the

mitochondrial versus the cytosolic fraction of the brain.
In this study, the subcellular distribution of V)m1c-meso-

HMPAO and GSH in normal and DEM-administered mice was
studied to investigate the retention of 99mTc-me.so-HMPAO in

the brain and the reduction in radioactivity uptake on DEM-
treatment. Moreover, 99mTc-/weso-HMPAO as a novel tool for

assessing the GSH content in mitochondria and cytoplasm of
the brain is discussed.

MATERIALS AND METHODS
Labeling of Technetium-meso- and d,/-HMPAO

Labeling of "Te-ifteso- and Ã•/./-HMPAOwas performed as

described (1 ). The radiochemical purity checked by three different
Chromatographie systems (2) was >94% for 99mTc-/wew-HMPAO
and >90% for [99mTc]Â¿/-HMPAO, respectively.

Treatment of Animals and Injection of
Technetium-99m-HMPAO

DEM (Wako Pure Chemical Industries, Ltd., Osaka, Japan) was
dissolved in corn oil and injected intraperitoneally into ddY mice
weighing about 30 g at a dose of 137.5 (a group of four mice), 275
(another group of four mice) and 550 mg/kg body weight (a third
group of five mice). A group of five control animals were injected
with corn oil only. One hour after the DEM treatment, 1.85 MBq
of "Tc-mew- or i7,/-HMPAO was injected intravenously into the

mouse. Thirty minutes after the tracer injection, the animals were
killed and the forebrains were removed quickly and prepared as
follows.

Preparation of Subcellular Fractions from Mouse Brain
Preparation of subcellular fractions from ddY mouse brain

followed the method of De Robertis et al. (70). Forebrains were
homogenized in 9 volumes of 0.32 A/-sucrose using a Potter
homogenizer. The homogenate was centrifuged at 900 g for 10 min
(Kubota 7800; Kubota Seisa Kusho Co. Ltd., Tokyo, Japan). The
sediment was washed twice and rehomogenized rapidly in 0.32
M-sucrose and centrifuged at 900 g for 10 min. This sediment was
considered the nuclear fraction. The pooled supernatant was
centrifuged at 11,500 g for 20 min (Kubota 7800). This sediment
was rehomogenized in 0.32 A/-sucrose and centrifuged at 11,500 g
for 20 min. The sediment was considered the mitochondrial
fraction. The pooled supernatant was centrifuged at 100,000 g for
30 min (Beckman TL-100 by ultracentrifuge; Beckman Japan Co.
Ltd., Tokyo, Japan). The resulting sediment and supernatant fluid
corresponded to the microsomal and cytosolic fractions, respec
tively.

Each subcellular fraction was subdivided into three portions for
measurement of radioactivity, determination of GSH content and
enzyme assay. The radioactivity in the subcellular fractions was
measured by an auto-well scintillation counter (Aloka Co. Ltd.,

Tokyo, Japan).

Determination of Glutathione and Enzyme Assay in
Subcellular Fractions

The GSH content was measured as described previously (2)
using the high-performance liquid Chromatographie electrochemi
cal detection method with a glassy carbon electrode at 1.1V
(cation-exchange column; Shodex SP-825; Shoko Co. Ltd., Tokyo,
Japan; 8 mm I. D. X 75 mm; elution with 10 mM citric acid and 10
mMdisodium hydrogen phosphate solution adjusted to pH2.1 with
metaphosphoric acid; at the flow rate of 1 ml/min). LÃ¡clate
dehydrogenase was determined by the method described by Sims et
al. (77). Cytochrome c oxidase was determined by the method
described by Dunkley et al. (72). Protein content was determined
by the method of Lowry et al. (13) using bovine serum albumin
(Sigma Chemical Co. Ltd., Tokyo, Japan) as standard. Enzymatic
activity was expressed as Â¿unol/mgof protein/min.

The ""Tc-Tneso-HMPAO radioactivity and GSH content were

also expressed as a concentration assuming the water content of the
mitochondrial matrix and cytoplasm to be 0.8 and 3.8 fil/mg
protein, respectively (8,14).

Release of Technetium-99m Radioactivity, Glutathione
and Marker Enzyme from Mitochondrial Fraction by
Membrane Solubilizers

Each of 10 ddY mice was injected with 1.85 MBq of "Tc-

meso-HMPAO according to the procedure described above. The
mitochondrial fraction was isolated as described above. Treatment
of the mitochondrial fraction was by modification of methods
described elsewhere (75-77). The pooled mitochondrial fraction

was subdivided into three portions and was treated with membrane
solubilizer: no treatment, digitonin that destroys cell membrane, or
Triton X-100 (Wako Pure Chemical Industries, Ltd., Osaka, Japan)
with sonication that destroys mitochondrial membrane. Each treat
ment was done in quadruplicate. The mitochondrial fraction was
incubated with digitonin (Wako Pure Chemical Industries, Ltd.)
(0.5 mg/ml) or Triton X-100 (Wako Pure Chemical Industries,
Ltd.) (0.1%, V/V) in 2.5 mM ethylenediamine-tetraacetic acid, 17
mM 3-morpholinopropanesulfonic acid (pH7.4) for 2 min at room
temperature. After the treatment with Triton X-100, this mitochon
drial fraction was sonicated by a bath-type sonicator (US-10;
Sakura Seiki Co. Ltd., Tokyo, Japan) for 5 min. The fraction
treated with digitonin or Triton X-100 with sonication was then
centrifuged at 13,000g for 3 min. The sediment of this and the
nontreated mitochondrial fraction as a control were subdivided into
samples for measurement of radioactivity, determination of GSH
and enzyme assay of citrate synthase. Citrate synthase was deter
mined as described by Srere (18). The enzymatic activity was
expressed as /xmol CoASH formation/min.

RESULTS
Subcellular Distribution of Technetium-99m-HMPAO
and Glutathione in Normal and Diethyl Maleate-Treated
Mouse Brain

As to the subcelluar distribution of ""Tc-weso-HMPAO in

normal brain, major portions of radioactivity were found in the
mitochondrial (49.0%) and cytosolic (33.0%) fraction, and the
levels in the nuclear and microsomal fraction were 5.0 and
13.1%, respectively (Fig. 1). The GSH content was high in the
cytosolic fraction (63.2%) and in the mitochondrial, microso
mal and nuclear fractions was 30.6%, 4.7% and 1.5%, respec
tively (Fig. 2). The subcellular distribution of 99mTc-Â¿,/-HM-

PAO differed slightly from that of weso-isomer. The relative
radioactivity in the microsomal fraction was higher than that in
/weso-isomer and nearly the same as that in the cytosolic
fraction (Fig. 1).

The enzyme assay indicated that almost all enzymatic activity

MITOCHONDRIALDISTRIBUTIONOFGLUTATHIONEANDTECHNETiUM-99M-MÂ£so-HMPAOâ€¢Sasaki et al. 2179



Â»

'I.I

Administered dose of DEM (mg/kg body weight)

FIGURE 1. Effect of DEM on "'"Tc radioactivityin nuclear (D), mitochondrial
<â€¢:<microsomal Q and cytosolic P) fractions. *p<0.05; **p<0.01 : signifi

cantly different from control level (no DEM).

of cytochrome c oxidase was found in the mitochondrial
fraction (Fig. 3). LÃ¡clate dehydrogenase enzyme activity was
found mainly in the cytosolic fraction, but it was also distrib
uted in the mitochondrial and the microsomal fractions (Fig. 3).

Levels of radioactivity in mitochondrial, cytosolic, microso
mal and nuclear fractions were decreased in a dose-dependent
manner by DEM treatment, which depletes GSH through the
glutathione S-transferase. Depletion of radioactivity by DEM
treatment was marked in cytosolic and mitochondrial fractions.
The DEM treatment (550 mg/kg) reduced the radioactivity to
24.7%, 32.2%, 35.1% and 49.2% of the control level in the
cytosolic, mitochondrial, microsomal and nuclear fraction, re
spectively (Fig. 1). The GSH content in mitochondrial and
cytosolic fractions also decreased in a dose-dependent manner
on DEM treatment. The DEM treatment (550 mg/kg) reduced
the GSH content to 30.0%, 29.3%, 58.0% and 47.0% of the
control level in the cytosolic, mitochondrial, microsomal and
nuclear fraction, respectively (Fig. 2).

Levels of 99mTc-/neso-HMPAO radioactivity and GSH con

tent in subcellular fractions obtained from 18 animals (control,
n = 5; DEM treated (137.5 mg/kg), n = 4; (275 mg/kg), n =

1000

Administered dose of DEM (mg/kg body weight)

Ils

FIGURE 3. Subcellular distribution of
cytochrome oxidase and lactate de
hydrogenase enzyme activity. Each
value is expressed as fimol/mg pro-

tein/min.

FIGURE 2. Effect of DEM on GSH content in nuclear (D), mitochondrial (â€¢),
microsomal (D) and cytosolic P). *p<0.05; **p<0.01 : significantly different

from control level (no DEM).

4 and (550 mg/kg), n = 5), are plotted in Figure 4. A good
correlation was found between the level of 99mTc-weso-

HMPAO radioactivity and GSH content in mitochondrial,
cytosolic and nuclear fractions, but not in the microsomal
fraction: the correlation coefficient (r) was 0.81, 0.83, 0.78 and
0.09, respectively. However, the relationship between 99mTc-

weso-HMPAO radioactivity and GSH content was not neces
sarily linear.

Calculated concentrations of 99mTc-me*o-HMPAO radioac

tivity and GSH were 0.0156 Â±0.0005% dose//xl and 10.5 Â±1.3
nmol//Lil for mitochondrial matrix and 0.00338 Â±0.00009%
dose//Â¿Iand 6.87 Â±0.43 nmol/pd for cytoplasm.

Release of Technetium-99m Radioactivity, Glutathione and

Citrate Synthase Enzyme from the Mitochondrial Fraction
by Membrane Solubilizers

About 75.7% of 99mTc-we.$(j-HMPAO radioactivity was re

leased from the mitochondrial fraction by the treatment of
Triton X-100 with sonication, while only 14.3% was released
by digitonin treatment. The release of citrate synthase, a marker
enzyme of mitochondrial matrix, and GSH from the mitochon
drial fraction was 81.4 and 80.5% by Triton X-100 with
sonication treatment and 5.3 and 13.4% by digitonin treatment,
respectively. The effect of those treatments showed a good
correlation among the release of 99mTc-wÂ«o-HMPAO radioac

tivity, citrate synthase and GSH from mitochondria (Fig. 5).

DISCUSSION
In terms of the distribution of 99mTc-/Meso-HMPAO radioac

tivity, the subcellular fractions ranked as follows: mitochondrial
> cytosolic > microsomal 5S> nuclear (Fig. 1). The GSH
content was cytosolic > mitochondrial >> microsomal >
nuclear fraction, which did not necessarily agree with that of
99mTc radioactivity (Fig. 2). We evaluated """Tc-meso-

HMPAO radioactivity and GSH concentration by assuming the
water content in their spaces, based on the theory proposed by
Soboll et al. (14), to be 0.0156 Â±0.0005% dose/^l and 10.5 Â±
1.3 nmol/jLil for mitochondrial matrix, and 0.00338 Â±
0.00009% dose//xl and 6.87 Â±0.43 nmol/Â¿dfor cytoplasm. The
mitochondrial matrix/cytoplasm ratio of """Tc-weso-HMPAO

radioactivity and GSH concentration were 4.62 and 1.53,
respectively. The GSH concentration in mitochondrial matrix
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FIGURE 4. Relationship between ""Te

radioactivity (ordinate) and GSH content
(abscissa) in mitochondrial, cytosolic, nu
clear and microsomal fractions.
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was slightly higher than that in the cytosolic space. This is in
good agreement with previous reports that the GSH ratio of
mitochondrial matrix/cytoplasm was 1.34 (8) and 1.43 (9).
Since there was no information about the water content in
microsomal or nuclear spaces, concentrations of 99mTc-/neso-

HMPAO radioactivity and GSH in those spaces were not
calculated. Although the water content used in the estimation
was derived from cultured hepatocytes (8,9,14), and may not be
applicable to the brain, the present results suggest that more
than half of 99mTc-/neso-HMPAO uptake in the brain is retained

in the mitochondrial fraction.
The difference between 99mTc-meso- and Â¿,/-HMPAO in

subcellular distributions is shown in Figure 1. The relative
percentage of 99mTc-uf,/-HMPAO radioactivity in cytosolic and

microsomal fractions was higher than for the meso-isomer. In a
previous study, we showed that the wero-isomer was distributed
in a GSH-dependent manner, whereas d,l-isomar was not. This
is because the rate constant for reaction between GSH and the
meso- isomer is much smaller than that for reaction between
GSH and the d, /-isomer (/ ). To reach the mitochondrial matrix,
99mTc-HMPAO travels across three lipid membranes (plasma

membrane, mitochondrial inner- and outer-membranes). We
speculate that much more 99mTc-i7,/-HMPAO radioactivity is

trapped in the cytosolic space before the molecule reaches the
mitochondria because of the faster conversion to hydrophilic
complex by GSH than 99mTc-/neso-HMPAO. The relative
percentages of 99mTc-c7,/-HMPAO radioactivity retained in the

cytosolic and microsomal fractions, which contained lower
levels of GSH, were higher than those of meso-isomer (Fig. 1).

The effect of DEM on the subcellular distribution of 99mTc-

meso-HMPAO and GSH was studied (Figs. 1 and 2). The
uptake of 99mTc-meso-HMPAO and GSH content, were re

duced in a dose-dependent manner by DEM in both the
mitochondrial and cytosolic fraction.

To confirm the separation of subcellular components, marker
enzyme activity was measured. Cytochrome c oxidase enzyme,
a marker of mitochondria (11 ), was found almost exclusively in
the mitochondria in this study. LÃ¡clatedehydrogenase, a marker
enzyme of cytoplasm (77), distributed preferentially in the
cytosolic fraction, while it was also found in the mitochondrial
and the microsomal fractions. This extra cytoplasmic distribu
tion of lÃ¡clate dehydrogenase is considered to be due to
contaminalion by synaplosomes in Ihese fraclions.

Digilonin reads specifically with cholesterol (16). Since Ihe
plasma membrane conlains more choleslerol lhan Ihe mitochon
drial membrane, digitonin at low concentralion disrupls Ihe
plasma membrane withoul destroying the mitochondria! mem
brane (16). Since the synaptosomal membrane is made up of
neuronal plasma membrane, it is also damaged by low concen-
trations of digitonin (0.5 mg/ml) (75). On the olher hand,
neuronal milochondrial membrane resists digitonin and is only
deslroyed by treatmenl wilh Trilon X-100 and sonicalion (77).
In this sludy, we Irealed the pooled mitochondrial fraclion
isolated from 99mTc-meso-HMPAO-adminislrated mice brain

wilh Ihese two detergents to estimale the uplake in Ihe milo
chondrial fraction. About 75.7% of 99mTc-roeso-HMPAO ra

dioactivity in the milochondrial fraclion was released by Ihe
Irealmenl with Triton X-100 and sonication, while the figure
was only 14.3% for digilonin Irealmenl. A good correlalion was
found among releases of 99mTc-/weso-HMPAO radioaclivily
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FIGURE 5. Reduction of "Te ra

dioactivity, citrate synthase enzyme
and GSH content from mitochondrial
fraction by digitonin or Triton X-100
+ sonication treatment.

and citrate synthase, a marker enzyme of mitochondrial matrix
(79) and GSH from mitochondria (Fig. 5). These results
indicate that almost all 99mTc radioactivity in the mitochondrial

fraction existed within mitochondria.
Technetium-99m-Â£/,/-HMPAO has been applied to labeling of

liposomes that are a potential tumor imaging agent (19). When
liposomes containing GSH in aqueous phase are treated with
9 r"Tc-c/,/-HMPAO, the lipophilic radiotracer diffuses across

the lipid membrane, is converted into a hydrophilic form by
GSH and accumulates within the liposomes. Localization of
99mTc radioactivity in the liposomal aqueous phase was con

firmed by water-octanol extraction (19). As a mitochondrion
has the structure of a lipid bilamella, it is regarded as a kind of
liposome. The results of this study suggested that mitochondria
trapped 99mTc-weso-HMPAO radioactivity within their aque
ous phase just like liposomes labeled with 99mTc-i/,/-HMPAO.

A good correlation was found between radioactivity of
99mTc-weio-HMPAO and GSH content in mitochondrial, cyto-

solic and nuclear fractions, respectively (Fig. 3). However, the
regression line between 99mTc radioactivity and GSH content in

the cytosolic fraction was different from that in the mitochon
drial or nuclear fractions. Mitochondria accumulated about
three times as much 99mTc as cytosol for the same GSH content.

There are two possible explanations for this, first, GSH con
centration rather than content is a significant factor in the

trapping of 99mTc-HMPAO radioactivity in closed intracellular

spaces. We calculated concentrations of GSH in mitochondrial
matrix and cytoplasm. The mitochondrial fraction contained
1.53 times as much GSH concentration as the cytosolic fraction.
The mitochondrial matrix/cytoplasm ratios of GSH were re
ported as 1.34 (8) and 1.43 (9) using cultured hepatocytes.
Second, although homogenization and centrifugation were done
at 4Â°Cor below within a minimum time period, a nonenzymatic
reaction may occur for the conversion of 99mTc-HMPAO to

hydrophilic complex (2). Therefore, the remaining intact
9Tc-Â«ies0-HMPAO might have redistributed into mitochon

dria from the cytosolic phase in homogenate.
Mitochondria is a major source of reactive oxygen species

(ROS) (20). Dysfunction of the mitochondrial electron trans
port system and imbalance among mitochondrial electron trans
fer carriers causes an increased level of ROS and may lead to
cell death (27,22). Leakage of ROS from mitochondria is
considered to determine the life span in animal species (23).
GSH is a main antioxidant in the brain and contributes to the
clearance of H2O2 through glutathione peroxidase (20). Reduc
tion of mitochondrial GSH content was reported in aged animal
brain and Parkinson's disease brain (20,22). The reduction of

mitochondrial GSH content may cause increasing leakage of
ROS from the mitochondria (22). Reduction of GSH in mito
chondria is critical to cell death, while that in cytoplasm is not
(6,24). These observations indicate that determination of GSH
content in cerebral mitochondria may be valuable for assess
ment of the oxidative stress in brain. In this study, the
mitochondria are a major subcellular fraction for the uptake of
99mTc-meso-HMPAO by the brain, and a good correlation was
found between radioactivity of ""Tc-wero-HMPAO and GSH
content in the mitochondrial fraction. Technetium-99m-mes'o-

HMPAO might be used as an indicator to assess the mitochon
drial GSH and the oxidative stress in the brain.

CONCLUSION
Mitochondria are a major subcellular fraction for the uptake

of 99mTc-meio-HMPAO by the brain, and that GSH in mito
chondria contributes to the accumulation of 99mTc-/neso-

HMPAO. Technetium-99m-/neso-HMPAO might be used as an
indicator to assess the mitochondrial GSH and the oxidative
stress in the brain.
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Multiple Line Source Array for SPECT
Transmission Scans: Simulation, Phantom
and Patient Studies
A. Celler, A. Sitek, E. Stoub, P. Hawman, R. Harrop and D. Lyster
Vancouver Hospital and Health Sciences Centre, and University of British Columbia, Vancouver, British Columbia, Canada;
and Siemens Medical Systems, Inc., Hoffman Estates, Illinois

Accurate attenuation and scatter corrections in quantitative SPECT
studies require attenuation maps of the density distribution in the
scanned object. These can be obtained from simultaneous emis-
sionAransmission scans. Methods: A new method has been devel
oped using a multiple line source array (MLA) for transmission scans,
and its performance has been investigated using computer simula
tions and experimental data. The activity in the central lines of the
MLA was higher than at the edges of the system, so that more
transmission photons would be directed toward the thicker parts of
the human body. A series of transmission-only and simultaneous
emission/transmission studies were performed for different phan
tom configurations and human subjects. Attenuation maps were
generated and used in reconstruction of attenuation-corrected
emission images. Results: The ^ coefficients for attenuation maps
obtained using the MLA system and simulated and experimental
data display no artifacts and are qualitatively and quantitatively
correct. For phantoms, the agreement between the measured and
the true value of y. for water was found to be better than 4%. The
attenuation-corrected emission images for the phantom studies
demonstrate that the activity in the heart can be accurately recon
structed. A significant qualitative improvement was also obtained
when the attenuation correction was used on patient data.
Conclusion: Our resultsindicate that the MLA transmissionsource
can be used in simultaneous transmission/emission imaging to
generate accurate attenuation maps. These maps allow for perform
ing an object-specific, attenuation correction of the emission im
ages.
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r\ccurate methods for attenuation correction, based on exper
imental attenuation maps, are considered essential for data
quantitation in SPECT imaging (1-3). Such maps allow for
proper account to be made of the nonuniform distribution of the
attenuating medium and, potentially, for density-dependent
estimation of the scatter distribution (4).

In general, transmission source configurations can be classi
fied into two groups, depending on the detector collimation.
The first group uses standard, parallel-hole detector collimation,
and transmission is provided either by a sheet source used
without (5) or with (6,7) a collimator or a scanning line source,
mostly used with dual-head 90Â°cameras (8). The second group,
mostly used with triple-head cameras, requires special converg
ing detector collimators. In this group, a single collimated line
source is placed in the focal position of a symmetric (9) or an
asymmetric (10,11) fanbeam detector collimator.

All of these approaches, however, have disadvantages. An
uncollimated sheet source generates a map of broad-beam
attenuation coefficients, whereas use of a collimator in front of
such a source results in substantially increased activity and
weight. The scanning line source technique requires compli
cated electronic equipment to control its run-time operations.
Also, because the same activity is used to scan the whole range
of tissue thicknesses, the source must be quite strong to produce
sufficient counts for large patients. This causes substantial dead
time losses can occur at the edges of the detector, where the
source illuminates only the periphery of the body and attenua
tion is low or null. Truncation artifacts, which are inherent in
the symmetric fanbeam geometry, have been eliminated with
the asymmetric fanbeams at a cost of using a full 360Â°camera

rotation.
A transmission source consisting of four-fixed position col

limated line sources was proposed by Larsson et al. (12).
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