
-isopropyl p-iodoamphetamine (IMP) was first
proposed for brain imaging because of its high lipophil
icity and correspondingly high brain uptake (1) and
because its initial distribution in the brain is propor
tional to blood flow (2-5). The initial lung extraction
of IMP is high and its clearance is slow (TÂ½= 60 mm)
(6,7). The material that is washed out of the lung goes
primarily to the liver. Since the brain uptake curve does
not plateau until 20 mm after injection, we can assume
that a small part of the activity cleared from the lung
goes to the brain.
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One possible mechanism for increasingIMP brain
activity would be to pharmacologically reduce lung
activity or to increase blood-brain barrier penetration.
Lung uptake of IMP is by way of a saturable binding
system (8). A number of pharmaceuticals, such as the
antidepressant imipramine, displace amphetamine an
alogs from the lung and interfere with its metabolism
(9). Therefore, it would be interesting to seewhether
pharmacologic intervention with these tricycics and
narcoleptic drugs might increase IMP brain uptake.
Furthermore, many depressed patients will be treated
with these drugs and it is important to determine
whether they interfere with IMP distribution.

We investigated the effect of the tricyclic antidepres
sant imipramine and the MAO inhibitors pheneizine
and L deprenyl on brain, lung, and liver distribution of
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N-isopropyl p-iodoamphetamine (IMP) demonstrates a high affinity for lung and brain during
the first passfollowingintravenousinjection.Its highbrainaffinityhasbeenusedto
advantagefor cerebralperfusionimaging,but the effectsof drugson IMPdistributioncould
affect its utility. In this study, we determined the effects of the tricydic antidepressant
imipramineand the MAO inhibitors deprenyl and pheneizine on the biodistribution of IMP. We
first determined the effect of loading dose and anesthesia on the biodistnbution of IMP. In
rats, biodistribution was not dependent on loading dose between 0.1 and 1.1 mg/kg.
Anesthesiawith thiopentalandchloralhydratedepressedlungandbrainIMPuptake.In rats,
preloading doses of imipramine depressed lung uptake but did not result in increased brain
IMPuptake;postloadingdosesof imipraminedid not releaseIMPfromthe lung.In rabbits,
simultaneousor postloadingdosesof imipramineresultedin releaseof IMPfromthe lungwith
an increasein brainactivity.Both mixedA andB MAOinhibitors(pheneizine)andB selective
MAOinhibitors(deprenyl)did not affect IMPdistributionin rats. Basedon the actionof
imipramineon IMP uptake and clearance in the lung, we postulate that IMP uptake and
metabolism within the lung is related to the mixed function oxidase (MFO) system. As the
lungis rich in the MFOsystemin humans,we wouldalsopredictfromthis studythat IMP
distribution in patients under antidepressant therapy would not be affected by either tncyclic
or MAOinhibitoragentsapartfrom theeffectof thesedrugson cerebralperfusion.
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IMP in rats and rabbits. To further elucidate the site of
IMP binding in the lung, we studied IMP interactions
with specific lung binding sites (muscarinic, beta adre
nergic, and peripheral benzodiazepinic receptors).

RESULTS

Biodistribution Studies in Rats
Figure 1 compares the organ uptake for different

anesthetics 20 mm after the i.v. injection of [â€˜23IJIMP
in Wistar male rats. Thiopental markedly depressed
brain and lung uptake for IMP and chloral hydrate
depressed lung uptake. These drugs therefore were not
used further as anesthetic agents. Subsequent studies
were performed under light ether anesthesia.

When cold carrier IMP was added to the labeled
tracer, competition was demonstrated in the lung of the
rats at high doses of carrier (2.7 mg/kg) (Table 1). The
brain was not saturable at these high concentrations.

The MAO inhibitors, phenelzine and L deprenyl, did
not inhibit or release [â€˜23IIIMPfrom the brain, lungs,
or liver at a doseof 5 mg/kg in rats (Table 2). At very
high dose levels (15 mg/kg) of phenelzine in rats, lung
uptake ofIMP was reduced, but there was no difference
in brain or liver uptake compared to low dose phenel
zine administration (Table 2).

When 1 mg/kg of imipramine was injected intrave
nously into adult male rats 30 mm before [â€˜23I]IMPand
50 mm before killing, lung activity was depressed sig
nificantly (Fig. 2). More marked inhibition of lung
uptake was seen with 4 mg/kg doses. There was de
creased brain uptake of IMP only when 4 mg/kg of
imipramine was used. When imipramine was injected
into rats one and 15 mm after [123I11MP,there was no
significant difference in lung or brain uptake compared
to controls (Table 3).

There was considerable variance in the concentration

MATERIALS AND METHODS

Stereoisomeric d-I N-isopropyl p-iodamphetamine (IMP),
labeled with I23I,@was obtained with radiochemical purity>
98%. Hydrogen-3 quinuclidinyl benzilate (33 @zCi/mmol),3H
RO 54864(76.6MCi/mmol),and3Hdihydroalprenolol(30

@Ci/mmol)were also used.t

Biodistribution Studies in Rats
To determine the effect of anesthetic agents on IMP distri

bution, parenteral anesthetics were administered intraperito
neally to adult male rats weighing 250â€”300g in a dose of 150
mg/kg for ketamine, 50 mg/kg for pentobarbital sodium, 100
mg/kg for thiopental. 360 mg/kg for chloral hydrate, and 2.5
mg/kg for flunitrazepam. Diethyl ether was given through a
nose cone.

Biodistribution of radioactive chemicals was determined in
adult male rats weighing 150â€”300g. Drugs and radioactive
chemicals were injected directly into a saphenous vein in a
volume of 0. 1â€”0.2cc. Rats were killed by cardiac excision or
by overdose ofether. The organs ofinterest (liver, lungs, heart,
brain, kidneys, bladder, digestive tract, blood, muscles, and
skin) were removed and weighed; aliquots were counted in a
gamma well counter. Total activities of blood and muscle
were calculated assuming that they were 7% and 40% of total
body weight respectively.

Biodistribution Studies in Rabbits
Biodistribution of radiolabeled compounds was studied by

external imaging of albino New Zealand rabbits (2.5â€”3kg).
Pentobarbital (50 mg/kg) was administered through an ear
vein. In the rabbit studies, the experimental and control
animals (no imipramine) were placed side by side under a
large field-of-view Anger camera linked to a digital computer.
Imipramine (2.5 mg/kg) was injected intravenously simulta
neously (n = 2), 5 mm (n = 2), and 15 mm (n = 1) after IMP
in the experimental rabbits. Regions ofinterest over the brain,
lung, heart, and liver were delineated manually to obtain
timeâ€”activitycurves for these organs.

BindingStudies in Rats
For the binding studies, 3-wk-old male rats were decapi

tated; their lungs were removed and homogenized for 30 sec
at 4Â°Cin Trisâ€”HCI50 mM, pH 7.5 buffer, with a polytron
homogenizer. Each suspension was centrifuged at 2,000 g for
2 mm and the suspendantcentrifugedagain in a chilledtube
for 15 mm at 36,000 g and 4Â°C.Pellets were washed twice in
Tris buffer and resuspended in the same buffer to give a final
concentration of about Iâ€”2mg protein/cc. The resuspended
pellets were then used in the binding assay. Receptor binding
assays for muscarinic (10), beta adrenergic (11), and periph
eral benzodiazepinic (12) receptors were carried out by incu

bation oflabeled ligand with 200 ml ofparticulate suspension
in the presence or absence of IMP in concentrations of iO@â€”
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FIGURE 1
The effect of anesthetics on IMP biodistilbution in the rat.
(0) Nembutal; ( ) Thiopental; (0) Ether; (D) Flunitrazepam;
(0) Chloral Hydrate; p < 0.01.
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Numberof rats

n=3 n=3 n=3 n=3

. p < 0.05. Results are expressed as mean percentage of injeCted dose per g Â± s. d. Loading (cold) doses were given intravenously

and simultaneouslywith the radioactive (hot doses Rats (200â€”250g were killed 2 mm after injection by cardiac excision.

DeprenylPheneizineControts

forContro's15simuftaneousL
deprenyl minute L deprenylPhenetzinePheneizinePheneizinePheneizineinjection(5
mg/kg) injection (5mg/kg)Controls(5 mg/kg)(5 mg/kg)(2 mg/kg) (15maJkg)Numberofratsn=3n=3

n=3 n=3n=1On=7n=6n=3n=3Weight
of rats (9)200â€”250200â€”250 200â€”250 200â€”250150â€”200150â€”200150â€”200300â€”350300â€”350Time

intervalbetweendrug
and 123,IMP15 mu@after15 mmafter10 mmbefore10 mmbeforeinjectionâ€”Simuftaneous

â€” [â€˜@1JIMPâ€”Simultaneous[â€˜@IJIMP[â€˜@IJIMP[â€˜@I]IMPDose
of IMP(ag/kg)5050 75 759090906060Time
after IMPinjec

tiontokilling(min)2020 20 202020203030Brain1.68
Â±0.111.66 Â±0.22 2.03 Â±0.17 1.99 Â±0.302.53 Â±0.392.44 Â±0.162.43 Â±0.201.1 Â±0.1 0.8Â±0.2Lung3.80
Â±0.603.21 Â±0.40 4.47Â±0.77 4.67Â±1.157.00 Â±0.006.89 Â±1.055.78 Â±0.796.5 Â±1.3 3.4 Â±0.5Liver2.00Â±0.401.51

Â±0.41 1.93Â±0.231.81Â±0.322.79Â±0.562.71 Â±0.502.72Â±0.231.1 Â±0.20.9Â±0.1Blood0.16Â±0.030.16Â±0.02
0.15Â±0.01 0.16Â±0.030.18Â±0.020.17Â±0.010.17Â±0.030.14Â±0.010.19Â±0.04â€¢p

< 0.05. Resultsexpressed asmean percentage of Injecteddose p& g Â±s.d. ofdoseper g.

TABLE I
OrganUptakeof @lIMPwith VariousLoadingDosesof IMPin Rats

Dose (mg/kg)0.1 cold0.6 cold1 .1cold2.7coldof
IMP0.09 hot0.09 hot0.09 hot0.09hotBrain2.68

Â±0.302.09 Â±0.362.1 1Â±0.052.48 Â±0.42Lung14.00
Â±4.701 1.32Â±0.3410.00 Â±0.396.65 Â±0.59Liver1.16
Â±0.070.98 Â±0.021.48 Â±0.200.88 Â±0.17Blood0.22
Â±0.050.18 Â±0.010.16 Â±0.0060.13 Â±0.01

of IMP in the lungs and brains of the control rats
among the several reported experiments due to the
differences in the times between injection and killing
and differences in the weights of the rats from one
experiment to another. To avoid the effects of biologic
variables other than those being tested, we performed
the control and experimental studies for each experi
ment on the same day. Thus all the rats in each exper
iment were from the same batch and were studied under
the same laboratory conditions.

Biodistribution Studies in Rabbits
In New Zealand rabbits imipramine altered lung and

brain uptake significantly not only during simultaneous
injection, but also when imipramine was injected as
late as 15 mm after [â€˜231]IMP(Fig. 3). When the data
from all five studies were summed, brain activity was
significantly higher with imipramine (2,930 Â±594 cpm)
than without imipramine (1,894 Â±374 cpm)(p < 0.02).
Lung activity was significantly lower with imipramine
(3,297 Â±668 cpm with imipramine; 6,664 Â±1,71 1 cpm
with control rabbits; p < 0.005). Liver activity was not
significantly different in the two groups (2,133 Â±352
cpm with imipramine; 2,040 Â±341 cpm for control
rabbits).

Binding Studies in Rats
Binding studies on membrane preparation from rat

lung demonstrated that [â€˜23I]IMPwas unable to release
[3H]quinuclidinyl benzilate (QNB) from muscarinic re
ceptors, [3H]dihydroalprenolol from beta adrenergic re
ceptors, and [3H]R05-4864 from peripheral benzodi
azepine receptors.

DISCUSSION

Basic amines (pK@> 8.5) that have a high brain
uptake, such as N-isopropyl p-iodoamphetamine, dem
onstrate a marked affinity for the lung (13). The phys
iologic significance of the pulmonary concentration of
these lipophilic compounds with lung-to-plasma ratios
between 20 and 200 has not yet been fully assessed (9).

Two major systems for amine metabolism are located
in the lung. One is the monoamine oxidase (MAO)
system, which is concentrated in the mitochondria of
endothelial cells and plays an important role in nor
adrenaline and 5-hydroxytryptophane metabolism. The
other, the major route of amine metabolism, is the
mixed function oxidase (MFO) system. The first part
ofthe MFO enzymatic chain produces dealkylation and

TABLE2
Effectof DeprenylandPheneizineon the Biodistnbutionof IMPin Rats
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TABLE3
Effectof Imipramine(5 mg/kg)on the Biodis

IMPinRatstribution
ofNumber

ofRatsn=3

n=3n=3

Control

. p < 0.05. Results are expressed as mean percentage of

m@ed dose per g Â±s. d. Rats (230-285 g) were kind 30 ruin
after[lz@lJlMPinjection.

activity is located in the microsomal fraction of pul
monary cells, including the alveolar macrophage (14).
The mixed function oxidase enzymes are flavoprotein
or NADPH; the most important of the oxidase systems
requires NADPH and oxygen as cofactors and use
cytochrome P450 as a component ofan electron trans
fer chain. Amphetamine derivatives complex with cy
tochrome P470 (14â€”17). After dealkylation, interme
diates of iodoamphetamine metabolism probably un
dergo C-hydroxylation to 1(4 iodophenyl), 2, amino
propane and/or N-hydroxylation to form iodo-N-hy
droxylamphetamine and iodophenylacetoneoxime pro
duce iodophenylketone and alcohol (18). Philpot (9)
has demonstrated that the cytochrome P450 lung con
centration is 25% of that in the liver in rabbits. Rats
have a much more concentrated MFO system in the
lungs.

A number of inhibitors or inducers affect the rate at
which amines are metabolized in the intact cell. In
addition, tissue binding ofthe substrate, its penetration
to the active site ofthe enzyme, availability of cofactors,
and the presence of competing drugs can affect the
reaction rate within the cell (16,19).

We have found a significant alteration in lung and
brain [â€˜231]IMPuptake with some anesthetics (thiopen
tal and chloral hydrate), but not others (ether or fluni
trazepam). Although depressed brain uptake may be
related to decreased blood flow (20), decreased lung
uptake with thiopental and chloral hydrate anesthesia
is not. Like the thiocarbonyl compounds (disulfiram)
and thiophosphonyl compounds (parathion), thiopen
tal may be converted into its oxygen analog by an MFO
system, transferring its sulfur onto cytochrome P450
and impeding ligand complex formation ofamines with
cytochrome (18). Chloral hydrate may also accumulate
in the MFO lung system (21).

Imipramine, a tricyclic agent, potentiates the action
of amphetamine in the liver by inhibiting parahydrox
ylation of the phenyl ring (23). Imipramine accumu
lates avidly in the lung, is poorly demethylated, and is
cleared rapidly by the liver. We found that brain activity
was not increased in the rat when imipramine was
injected after [â€˜23I]IMP;however, liver activity was in
creased. Our results suggest that the MFO system acts
rapidly in the rat lungs, since so little of the tracer is
released when imipramine is injected after IMP.

In rabbits, imipramine releases a large fraction of
lung activityfollowedby a significantincreasein brain
activity. The different effects of imipramine in the
rabbit and rat may be due to species differences in the
MFO activityin the lungs.Sincethe lung MFO system
in man is densely populated as it is in the rat and in
most species, brain [â€˜231]IMPactivity in the human will
be similar to the pattern we observed in the rat and will
not be enhanced by imipramine.

In the brain, paraiodoamphetamineinhibits the up
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FIGURE 2
Theeffectof imipramine(injected30 mmbefore[1@l]lMP
and 50 mm before killing)on IMPbiodistributionin the rat.
Imipramine:(0)â€”,(0) 1 mg/kg; (@ 3 mg/kg;(D)4 mg/kg;
@p< 0.05; @â€¢p< 0.01.

ring hydroxylation; the second part ofthe chain results
in N-oxidation and deamination. Mixed function oxi
dase systems are dependent on species, strain, organ,
sex, substrate, and age (9). Mixed function oxidase

Timeof imipramine
injection

Doseof IMP(ag/kg) 60
Brain 1.7Â±0.1
Lung 4.2Â±0.8
Liver 1.8Â±0.1

1mmafteri.v. 15reinafteri.v.
[â€˜@lJlMP [â€˜@IJlMP

60
1.7 Â±0.2
3.4Â±0.4
2.1Â±0.2

60
1.9Â±0.1
4.1Â±0.4
2.6Â±0.2
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Theeffectof imipramineonIMPbrain
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take and turnover of serotonin in the mitochrondrial
monoamine oxidase (MAO) system (24) and facilitates
blood brain barrier transport of aromatic amines (25).
We did not find, however, a significant change in
[â€˜23IJIMPbrain uptake with MAO B or mixed A and B
inhibition in rats. Assuming that our data can be ex
trapolated to humans, patients on MAO inhibitor ther
apy can be studied without fear that the therapy will
affect either the uptake or cerebral distribution of the
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