
in nerve endings and is released by nerve stimulation,
but exerts only weak post-synaptic effect (1,2). Since it
is a monophenol and not a catechoi, metaraminol is
not a substrate for catechol-O-methyl transferase
(COMT). Furthermore, the alpha methyl group on the
side chain of metaraminol confers resistance to oxida
tive deamination by monoamine oxidase (MAO) (3).
Due to its metabolic stability, a radiolabeled analog of
metaraminol is therefore an ideal candidate for in vivo

mapping of the sympathetic nervous system.
We recently described the synthesis of a new cardiac

radiotracer 6-['8F]fluorometaraminol (FMR) (4,5).
Pharmacologic studies demonstrated that FMR exhibits
high neuronal accumulation in the heart which can be
effectively blocked by agents that impair neuronal func
tion. PET FMR studies in dogs with focal neuronal
lesions of the heart showed pronounced decreases in
tracer uptake in the region of the lesions; tissue tracer
concentration was highly correlated with endogenous
norepinephrine levels further confirming that FMR is
a storage analog of norepinephrine. Metabolic studies
of FMR in various species showed no significant accu
mulation oflabeled metabolites in heart (6). FMR was
labeled by an eiectrophilic fluorination process using
[â€˜8F]acetylhypofluorite, which produced tracer with
low specific activity (15 Ci/mmol or less). Unfortu
nately, due to the vasoactive potency of FMR, this
agent was not suitable for human use.

We recently reported the myocardiai uptake charac
teristics of a number of hydrogen-3- (3H) labeled sym
pathomimetic amines bearing an N-methyl substituent
(7,8). This study found that 3H-labeled (1R,2S)-(-)-
meta-hydroxyephedrine, the N-methyl derivative of
metaraminol, has a heart accumulation and neuronal

selectivity nearly identical to FMR. Thus, it was con
jectured that simply by labeling metaraminol with [â€˜â€˜Cl
CH3I to form â€˜â€˜C-labeled(1R,2S)-(-)-meta-hydroxye
phedrine([' â€˜C]MHED),we could produce a heart neu
ronal mapping agent with the high specific activity
required for human use. We describe here the synthesis,
purification, and preliminary biologic results with [â€˜â€˜C]
MHED.

Carbon-i 1-meta-hydroxyephedrine is a new radiotracer
developedfor mappingthe sympatheticnerves of the
heart. Carbon-i 1-meta-hydroxyephedrine is synthesized
by direct N-methylation of metaraminol with [11C]methyl
iodide in dimethyl formamide/dimethyl sulfoxide and pun
fledby semi-preparativereversed-phaseHPLC.Totalsyn
thesis time is 45 mm from end-of-bombardment. Carbon
11-meta-hydroxyephednne is produced in 40%-50% cor
rected radiochemical yield with a specific activity of 900
Ci/mmol. Routine radiochemical and chemical purity are
95%and98%,respectively.Biodistributionstudiesin rats
show high myocardial uptake. Pretreatment with desipra
mine, a drug known to selectively block neuronal uptake,
results in a 92% decrease in tracer accumulation in the
myocardium. Metabolic studies in guinea pigs show <5%
metabolitesin hearttissue30 mmafter intravenousinjec
tion suggesting that [11C]meta-hydroxyephedrineis suita
ble for kinetic modeling. These preliminary results support
this new tracer as a clinical agent for neuronal imaging of
the heart.

J NucIMed 1990;31:1328â€”1334

he development ofradiotracers to study the human
heart using positron emission tomography (PET) have
been limited mainly to the measurement of blood flow
and metabolic function. Even though adrenergic nerv
ous system dysfunction has been implicated in a num
ber of heart diseases, the adrenergic nerves have been
neglected in terms of radiotracer design. Norepineph
rime is the endogenous neurotransmitter ofthe adrener
gic nervous system (Fig. 1). Metaraminol, a synthetic
false transmitter analog ofnorepinephrine, accumulates
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FIGURE2
[11C]MHEDissynthesizedbydirectmethylationof metarami
nol free basewith [11C]methyliodidein DMF/DMSO(3:1).
After heating for 5 mm at 100Â°C,the reaction mixture was
purifiedbyHPLC.

to a semi-preparative HPLC system using a remotely con
trolled sample injection valve. HPLC purification is per
formed on a C- 18 reverse-phase column (Maxsil, 5 @m,7.6 x
300 mm, Phenomenex, Torrance, CA; 0.24 M monobasic
sodium phosphate at 4 ml/min for the first 10 mm; 10%
ethanol in 0.24 M monobasic sodium phosphate at 3.5 ml!
mm for 10â€”20mm). Column effluent was monitored by a
flow-through radiation detector and a UV absorbance detector
(280 nm); a two-way valve was used to divert the metaraminol
(R@9 mm) to waste and to collect the [â€˜â€˜C]MHEDpeak (R@
17 mm) through an in-line 0.22 @zmsterile filter into a sterile
vial. Sterility testing ofthe injectate was performed using fluid
thioglycollate media and soybean casein broth, both from
BBL,Divisionof Becton-DickinsonCo., Cockeysville,MD.
Pyrogen testing was performed using the Limulus Lysate
Amoebocyte test (Mallinckrodt, Inc., St. Louis, MO).

Radiochemical and Chemical Purity
The two most likely competing by-products in the â€œC-

methylation of metaraminol are 3-0-methylmetaraminol
formed by methylation of the phenol group, and the threo
isomer (15,25) of[' â€˜C]MHED,formed by racemization of the
benzylic carbon ofeither [â€˜â€˜CJMHEDitselfor of metaraminol
prior to methylation. A less likely by-product is N,N-dime
thylmetaraminol. All three of these by-products were inde
pendently synthesized and characterized in our laboratory (8)
and used as chromatography standards (Fig. 3).

Both radio-HPLCand radio-TLCwere used to determine
radiochemical purity. Purity by HPLC was determined using
a Cl8 reverse-phase column (Maxsil, 5 @m,4.6 x 250 mm,
Phenomenex, Torrance, CA; 1 ml/min; 0.2 M ammonium
formate:acetonitnle (95:5)) with UV detection at 280 nm and
a Beckman 170flow-through radiation detector. The retention
times for metaraminol and [â€˜â€˜C]MHEDwere 7.5 and 10.0
mm, respectively. The threo isomer ofMHED had a retention
time of 13.0 mm.

TLC analyses were performed as follows: cyanopropyl
plates (0.2 mm; EM Science, Cherry Hill, NJ); methylene
chloride: methanol (9:1); metaraminol (R1= 0); MHED (R@
0.5) and 2) silica plates (0.2 mm; EM Science, Cherry Hill,
NJ); methanol: ammonium hydroxide (10:0. 1); metaraminol
(R@=0.54);MHED(R@=0.27);3-0-methoxymetaraminol(Rr
= 0.66); and N,N-dimethylmetaraminol (R@ = 0.38).

Chemical purity of [â€˜â€˜CJMHEDwas determined by the
analytical HPLC method described above to ensure that nei
ther metaraminol nor methylated by-product were present in
the [â€˜â€˜C]MHEDsampleafter preparativeHPLC purification.
The limits of detection for MHED and metaraminol were
determined using a flow-through UV detector. However, since
thesetwo amineshave lowUV absorbances,we felta need to

OH
OH

0
H â€”cH2â€”NH2

OH

Norepinephrlne

OHc@r
c@H â€”cHâ€”NH2

OH CH3

Metaraminol

@OH/

cH-cH-NH-'1cH3 CH-CH-NH2

OH CH3 OH CH3

i cjm.@jj-Hydroxyephedrlne 5..[i 8F]Fluorometaram inol

(MHED) (FMR)

FIGURE1
Structures of norepinephnne(the endogenous adrenergic
transmitter), metaraminol (a synthetic false transmitter ana
log),[11C]MHED(anN-methylatedanalogof metaraminol)and
FMR(a fluorinatedanalogof metaraminol).
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MATERIALSAND METHODS

Synthesisand Purificationof [11C]MHED
Metaraminol free base is prepared from metaraminol bitar

trate salt (Sigma Co., St. Louis, MO) as follows. Metaraminol
bitartrate (0.5 g) dissolved in 1 ml water is basified by the
addition of excess sodium bicarbonate (1 g). The aqueous
solution is extracted three times with 100 ml of ethyl acetate;
the combined organic extract is dried over anhydrous sodium
sulfate and gravity filtered. After careful evaporation of the
ethyl acetate, the yellow residue is dissolved in methanol to a
final concentration of 10 mg/ml and stored at 5Â°Cunder
nitrogen. Chemical purity and stability of the metaraminoi
free base were determined by thin-layer chromatography
(TLC)and high-performanceliquidchromatography(HPLC)
(seebelow).Authentic(lR,2S)-(-)-meta-hydroxyephedrinehy
drochloride was a gift from Sterling-Winthrop Research Insti
tute, Rensselaer, New York; this compound has also been
synthesized in our laboratory by a four-step sequence begin
ning with metaraminol (8).

Carbon-i 1-methyl iodide was prepared by the â€˜4N(p,a) â€˜â€˜C
reaction (9). [â€˜â€˜C]MHEDis prepared by bubbling [â€˜â€˜C]CH3I
(1-1.5 Ci) into a reaction vesselcontaining I mg metaraminol
(free base) in 250 @lDMF/DMSO (3:1)at â€”25Â°C(Fig. 2). The
vessel is heated at 100Â°Cfor 5 mm and then briefly cooled to
room temperature before the contents ofthe vessel are applied



A B killed 5 or 30 mm later (n = 2/time point). Plasma, heart, and
liver samples were deproteinized using 5-sulfosalicylic acid
(100 mg/mI) for plasma and 0.4 M perchloric acid for heart
and liver (6). Unlabeled tissues were spiked with [â€˜â€˜C]MHED
as an extraction control. After centrifugation, both the super
natant and precipitate were counted for radioactivity to deter
mine the extraction efficiency. Deproteinized samples were
analyzed on C8 reverse-phase HPLC column (Maxsil, 5 @m,
4.6 x 250 mm, Phenomenex, Torrance, CA; 1 ml/min; 0.24
M monobasic sodium phosphate) using a flow-through radia
tion detector. Retention time for [â€˜â€˜C]MHEDwas 14 mm.

In addition,a solidphaseextractionmethodwasdeveloped
to separate â€˜â€˜Clabeled metabolites from [â€˜â€˜CJMHED.Depro
teinized tissue samples (1 ml) were adjusted to pH 6-7 with
2 M dibasic potassium phosphate. The sample was applied to
an activated Cl8 Sep-Pak (Waters, Milford, MA) and washed
with six 5-ml aliquots ofwater to elute the labeled metabolites.
Under these conditions [â€˜â€˜C]MHEDis retained on the Sep
Pak. This system was validated on additional samples by also
analyzing them by radio-HPLC as described above.

To determine if [â€˜â€˜C]MHEDwas demethylated, expired
[â€˜â€˜C]CO2from two guinea pigs was trapped in 3 ml of iON
KOH duringthe 30-mmperiodafter [â€˜â€˜C]MHEDadministra
tion. The KOH was counted for radioactivity in a gamma
counter.

Statistical Analysis
Significance was determined using the Student's t-test. Data

are expressed as means Â±s.d.

RESULTS

Synthesisand Purificationof [11CJMHED
[â€˜â€˜C]MHEDwas synthesized in remarkably straight

forward fashion by the direct N-methylation of metar
aminol with [â€˜â€˜C]CH3I.Metaraminol free base was
freshly prepared every 2 wk and stored at 5Â°Cunder
nitrogen gas, although it was shown to be stable for over
5 wk as determined by HPLC and â€˜HNMR. The
purification of [â€˜â€˜C]MHED is conveniently accom
pushed by reverse phase HPLC with a solvent that is
compatible with direct i.v. injection following filter
sterilization. [â€˜â€˜C]MHED has been synthesized by this

technique over 50 times for animal and clinical studies

at our institution. Over 200 mCi of [â€˜â€˜C]MHEDhave
been consistently produced per synthesis, which is more
than sufficient for simultaneous clinical studies on our
two whole-body PET scanners. The specific activity has
been 900 Â±487 Ci/mrnoi (end of synthesis; mean Â±
s.d.; n = 19) with a total synthesis time of45 mm. The
final product is sterile and apyrogenic. The corrected
radiochemical yield of [â€œC]MHED is 40%-50% with
the remaining 48%â€”58%activity representing un
reacted [â€˜â€˜C]CH3Iwhich elutes in the void volume. An
unidentified 2% radiolabeled impurity elutes after the
[â€˜â€˜C]MHEDpeak. The final pH of the [â€˜â€˜C]MHEDis
4.7.

NHcH3 NH2

MHED 3-O-Methylmetaramlnol

OH

LL:@JI
N(cH3)2

N,NDlmethylmetaramlnol

MHED: threo isomer (15,2S)

FIGURE3
(A)Three-dimensionalconfigurationof MHEDwhichis 1R,2S-
(-)-MHEDor (-)-erythro.(B) Possibleby-productsof [11C}
MHED synthesis that were independently prepared and
shownto beabsentby HPLC.

more accurately quantify their mass in the final product. Thus,
in two separate syntheses, the entire HPLC-purified [â€˜â€˜C]
MHED product (1.4-5.4 mCi), collected in the 17-19 mm
eluant, was evaporated to dryness and dissolved in 2 ml of
0.24 M monobasic sodium phosphate buffer. The combined
concentration of MHED and metaraminol in these 2 ml
samples was then measured using a dual beam spectrophotom
eter at 280 nm.

Biodistribution Studies in Rats
Etherized male and female Sprague-Dawley rats (150-250

g) were injected with 50-200 @Ciof[' â€˜C]MHEDin the femoral
vein. Animals were killed at 5, 15, 30, and 60 mm after
injection by decapitation. Tissues were rapidly removed,
weighed, counted, and the â€˜â€˜Cconcentrations were calculated
as % dose/g (normalized to a 250 g body weight).

NeuronalBlockingStudiesin Rats
Desipramine. HCI (DM1) (10 mg/kg i.p.; Revlon, Tucka

hoe, NY) in 0.2 ml 0.9% saline, an uptake-i blocker, was
given to male Sprague-Dawley rats (150-250 g) 30 mm prior
to [â€˜â€˜C]MHEDadministration. Control animals were injected
with an equal volume of saline. Animals were killed 30 mm
after [â€˜â€˜C]MHEDadministration. The % dose/g (normalized
to 250 g body weight) was determined in heart, liver, spleen,
adrenals, and blood.

Metabolic Studies
Female guinea pigs (1 kg) anesthesized with a combination

of ketamine (30 mg/kg, i.m.) and xylazine (5 mg/kg, i.m.)
were injected in the femoral vein with 20-30 mCi [â€˜â€˜C]MHED
(containing 5-7 ng [â€˜â€˜C]MHEDat the time of injection) and
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racernization of the benzylic carbon of [â€˜â€˜C]MHED.
MHED has two asymmetric centers and can thus exist
in four stereoisomeric forms: (+)- and (â€”)-erythro and
(+)- and (â€”)-threo. A familiar analogy exists with the

drug ephedrine which represents the erythro type of
configuration; pseudoephedrine represents the threo
type. The stereoisomeric form of MHED synthesized
in this study is the (â€”)erythro isomer, 1R,2S-(â€”)-
MHED, depicted 3-dimensionally in Figure 3. Race
mization at the potentially labile benzylic carbon of

MHED, would produce the threo 1S,2S isomer (Fig. 3).
The threo isomer bears a diastereomenc relationship to
the parent (â€”)erythro form and thus possesses physical
properties distinct from MHED. The absence of the
threo isomer in [â€˜â€˜C]MHEDpreparations was proven
by radio-HPLC: MHED has a retention time of 10.0
mm, its lS,2S threo isomer has a retention time of 13.0
mm.

Chemical purity ofthe [â€˜â€˜C]MHEDafter purification
was >95% as determined by HPLC with UV detection
(n = 30). The limit ofdetection for MHED and metar
aminol using the analytical HPLC system with UV
detector and a 50-jsl sample is 2 @g/mland 1 zg/ml,
respectively, at 280 nm. In all syntheses, the mass of
MHED and metaraminol in the [â€˜â€˜C]MHEDprepara
tions was either at or below the limit of detection for
the analytical HPLC system. Thus the average total
mass of these amines from two separate syntheses was
determined by UV analysis ofthe entire HPLC-purifled
product and was found to average 21 @g(18.4 and 23.7
zg). All specific activity calculations were made using
this mass value.

Biodistribution Study in Rats
E'â€˜C]MHEDshowspreferentialuptakeinorganswith

rich adrenergic innervation such as heart, spleen and
adrenals. Uptake of radioactivity into the heart is rapid
and remains high (Table 1).Uptake into adjacent tissues
such as liver and lung, while high at 5 mm, is only half
the concentration observed in the heart. Radioactivity
clears more rapidly from the lung than from the liver;
heart-to-liver and heart-to-lung concentration ratios
were 1.2 and 6.6, respectively, at 30 mm. In addition,
blood levels are low; heart-to-blood concentration ratios
are 26 and 35 at 5 and 30 mm, respectively. These
results are very similar to those obtained with [3H]
MHED (7).

NeuronalBlockingStudies
DM1 is an uptake-l inhibitor which blocks the neu

ronal localization of norepinephnne and related sym
pathomimetic amines (10). Figure 5 compares the up
take of [â€˜â€˜C]MHEDin the ventricles, atria, spleen, and
adrenals in control and DM1 treated rats. Uptake is
significantly decreased by 92% in the ventricles of the
DM1 treated rats, and 74% and 62%, respectively, in
the spleen and adrenals, which are catecholamine-nch

Chemicaland RadiochemicalPurity
The radiochemical purity of[' â€˜C]MHEDafter HPLC

purification is routinely >98% as determined by radio
HPLC and radio-TLC. Figure 4 shows representative
HPLC chrornatograms of the UV and radiation traces
of [â€˜â€˜C]MHEDafter purification. Two possible radio
active by-products from the synthesis of [â€˜â€˜C]MHED
are 3-rnethoxymetararninoi and N,N-dirnethylmetara
minoi (Fig. 3). While these compounds have been ob
served sometimes in the analogous cold synthesis of
MHED, they were not detected by radio-TLC during
the synthesis of [â€˜â€˜C]MHED.

Another plausible radio-impurity could arise from
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FIGURE4
Representative analyticalHPLCchromatogram of (A) radi
ochemical purity of [11C]MHED, (B) UV absorbance of [@CJ
MHED,and(C)UVabsorbanceof metaraminoland MHED
standards.
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%dose/g5

mm 15 mm30 mm60mmVentriclet

3.46Â±0.47 2.54Â±0.432.69 Â±0.101.96 Â±0.71Liver
2.01 Â±0.34 2.02 Â±0.192.22 Â±0.192.18 Â±0.40Lung
1.40Â±0.22 0.72Â±0.200.41 Â±0.060.46 Â±0.14Spleen
1.42 Â±0.56 1.12 Â±0.221 .11 Â±0.081 .20 Â±0.38Blood
0.13Â±0.01 0.09Â±0.010.07 Â±0.010.07 Â±0.01Muscle
0.17 Â±0.06 0.15 Â±0.030.20 Â±0.060.15 Â±0.04Adrenals*
1.30 Â±0.12 0.83 Â±0.120.90 Â±0.200.76 Â±0.20Kidne?
3.81Â±8.70 0.88Â±0.120.62 Â±0.100.43 Â±0.06Urine

110.96Â±5.44 86.68Â±1.3496.52 Â±20.0856.20 Â±43.40.

Mean Â± s.d. normalized to a 250-9 rat (n = 4 per timeinterval).t

Both right and leftventricles.*

Average of both right and left organs.

TABLE I
Tissue Distribution of [11C]MHEDin Rats*

tissues. These results support the neuronal localization
of [â€˜â€˜C]MHEDin the heart. Uptake in liver is actually
increased in DM1 treated rats compared to controls; a
result which is likely due to higher circulating levels of
[â€˜â€˜C]MHED. The % neuronal localization of [â€˜â€˜C]
MHED in rat heart ventricles is essentially identical to
values obtained with [3Hjnorepinephrine and FMR (4).

MetabolicFate Studies
Results ofthe metabolic fate of[' â€˜C]MHEDin guinea

pigs are shown in Figure 6. At 5 mm, most of the
radioactivity in heart, liver and blood is present as [â€˜â€˜C]

MHED. At 30 mm, however, over 50% of radioactivity
in liver represents metabolites of MHED. However,
>95% ofthe â€˜â€˜Cactivity in heart is still present as [â€˜â€˜C]

0

Ui
Cl)
0

MHED at 30 mm. Similar results were obtained with
FMR (6). Extraction efficiency ofradioactivity into the
supernatant is 75% for plasma, 88% for heart, and 92%
for liver, values which are similar to those obtained
with control tissues spiked with [â€˜â€˜C]MHED.

DISCUSSION

Although the synthesis of [â€˜â€˜C]MHEDwas straight
forward, the purification of this new tracer was not.
Separation of [â€˜â€˜C]MHEDfrom [â€˜â€˜C]CH3Iand metar
aminol was initially attempted using solid phase extrac
tion techniques (alumina, silica, cyanopropyl, and
Cl8). We were unable to produce [â€˜â€˜C]MHEDfree of
metaraminol. Our initial efforts at HPLC purification
utilized normal phase separation on silica or cyanopro
pyi columns in an attempt to elute [â€˜â€˜C]MHEDahead
ofmetaraminol. However, most ofthe radioactivity was
retained by these columns resulting in only a small
amount of purified [â€˜â€˜C]MHED.[â€˜â€˜C]MHEDwas suc
cessfully purified using a Cl8 semi-preparative reverse
phase system with 0.2 M ammonium formate/aceto
nitrile (95:5). However, the product required rotoeva
poration ofthe solvent and reformulation ofthe residue
in a buffer suitable for injection. Such a technique was
time consuming and not easily amenable to remote
control. Thus, a Cl8 reverse-phase separation was de
veloped which utilizes a monobasic sodium phosphate!
ethanol mobile phase that is isotonic and suitable for
direct injection following sterile filtration. In this system
metaraminoi and MHED are baseline resolved with
Elâ€˜C]MHED eluting 4 mm after the metaraminol ab
sorbance peak has returned to baseline. Because cate
cholamine supersensitivity is a problem in certain heart
disorders, a large margin of safety is needed between
the total mass of MHED and metaraminol adminis
tered and that which might elicit a pressor response.

Considerable effort was expended to confirm that
other methylated by-products were not formed in the

. CONTROLS
0 DM1

3.0

2.0

1.0

0.0

FIGURE5
Tissue uptake of [11CJMHEDin control and DM1treated rats
30 mmafter tracer injection.Results are expressed as means
Â±s.d. (n = 4) of the % dose/gram(normalizedto 250 g body
weight).Uptakein the left ventricle,spleen,andadrenalsof
DM1-treated rats is significantly reduced (p < 0.O01)compared
to controls.Uptakein liverand blood is significantlyincreased
in DM1treated rats (p < 0.04 for liver and p < 0.001 for blood).

L. VENT. SPLEEN ADRENAL LIVER BLOOD
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FIGURE6
Metabolicfate of E11CIMHEDin heart, plasma,and liverof guineapigs at 5 mm(A)and 30 mm(B) postinjection.Over 95% of
the radioactivityin heart is presentas [11C]MHED(R@14 mm)at both 5 and 30 mm.11Cmetabolites(A, 5-8 mm)in plasmaand
liver increasewith time.

synthesis of [â€˜â€˜C]MHED(Fig. 3). The 3-0-methyl ana
log ofmetaraminol would not be expected to be formed
since the phenol is not present as the phenolate anion
in the near neutral reaction media. Since metaraminol
is in vast excess of [â€˜â€˜C]methyliodide, one would also
not expect N,N-dimethylmetaraminol to be formed as
it is in the cold synthesis of MHED by this route. The
absence of the threo isomer is consistent with the ob
servation that a-methyl substituted amines like metar
aminol and MHED require refluxing in 6N HC1 for
several days to affect >50% isomeric conversion to their
threo forms (11).

We have previously shown that the guinea pig is a
suitable model for predicting the metabolism of FMR
in primates (6). While not identified, the metabolites
are thought to be a-methylepinephrine and/or its 3-0-
methyl derivative a-methylmetanephrine. It has been
shown that metaraminol can be para-hydroxylated in

the guinea pig to produce a-methylnorepinephrine (3).
Axelrod and coworkers have also reported the facile
para-hydroxylation of meta-substituted phenols (12).
We are presently pursuing the identification of the â€˜â€˜C-
metabolites. No detectable [â€˜â€˜C]C02was found in ex
pired air (0-30 mm) from guinea pigs (n = 2) suggesting
that [â€˜â€˜CJMHEDis not demethylated in vivo. Since the
metabolites formed are more polar than [â€˜â€˜C]MHED
and metaraminol, a solid-phase extraction can be used

to separate the labeled metabolites from [â€˜â€˜C]MHED.
We have obtained similar results either by HPLC anal
yses or solid-phase extraction techniques using guinea
pig tissues. A solid-phase extraction method is necessary
to rapidly determine the concentration of metabolites
in multiple samples of blood so that a correction may
be applied to the arterial input function when modeling
PET kinetic data. Such a technique is presently being
applied to quantitate metabolites in human blood.

In summary, the results of this study show that [â€˜â€˜C]
MHED can be produced in high specific activity and
purity for heart neuronal imaging. The tracer is made
in a single synthetic step from metaraminol by N-
methylation with [â€˜â€˜C]CH3I.Biodistribution studies
and drug blocking studies in rats show that the uptake
of[' â€˜C]MHEDby heart is rapid and sustained and that
its locus of accumulation is the adrenergic neuron.
Although this new tracer was designed to inhibit metab
olism by MAO and COMT, some metabolism does
occur in the guinea pig, possibly by hepatic para-hy
droxylation. However, <5% â€˜â€˜C-metabolitesappear in
the heart. A rapid solid-phase extraction of â€˜â€˜C-metab
olites from [â€˜â€˜C]MHEDis possible, allowing correction
ofthe arterial input function for PET kinetic modeling.
These results support [â€˜â€˜C]MHEDas a promising din
ical agent for neuronal imaging of the heart. Initial
clinical studies at our institution have confirmed that
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