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possesses
a neutralchargeandits chemicalstructureis
The aim of this study was to determinethe subcellulardistribu
tion of bis(N-ethoxyN-ethyl)dithiocarbamato
nitridotechne
tium(V)(@â€œTcN-NOEt)
in rat heart by differential centnfugation
techniques.Extractionof the activityfrom homogenizedrat heart
tissue was also performed to assesswhether myocardialreten
tion might induce changes in the chemical identity of the com

plex. Methods: Anesthetized rats were intravenouslyinjected
with mr@@TcN@NOEt,
the heart tissue was extracted and homog

enized and tissue fractions were obtained by differentialcentrif
ugation. The efficiency of organelle separation was determined
by assay of each centrifugalfractionusingenzyme markers.
Lactatedehydrogenase(LDH),acid phosphatase(ACP),alkaline
phosphatase (ALP)and 5'-nucleotidase (5'ND) activities were
assayed using standard spectrophotometnc methods. Succinic
dehydrogenase (SDH)activity was determined using a p-iodo

characterized by the presence of a terminal Tc@N multiple
bond (1 ) (Fig. 1). Experiments in animal models (rats, dogs
and monkeys) and in humans have demonstrated that
99mTcNNOEt is rapidly extracted by the myocardium with
slow washout from the heart (2â€”4).Myocardial retention in

cultured rat myocites has been shown to be higher than that
of 201T1,99mTcBATO and 9@Tc-MIBI (5). Studies in dogs
showed that the relationship between microsphere-deter

mined blood flow and @mTcN@NOEt
activity is linear over
a wide range of flows induced by dipyridamole and that this
tracer undergoes redistribution in ischemic-reperfused
heart (6). This latter result has also been observed in
humans (3,4).
Technetium-99m-N-NOEt is the first reported neutral

nitrotetrazolium-linkedassay. Severe cell membrane arid or

99mTc complex

ganelle disruption were induced by prolonging the homogeniza
tion time and their effect on the subcellular distribution of
@â€˜TcN-NOEt
was studied.The activityfrom homogenizedheart
tissue was extracted usingthe Folchtechnique and analyzedby
TLC and HPLC.Results: Most of the
@TcN-NOEt
activitywas
foundto be associatedwiththe hydrophobiccomponentsofthe
cell. No evidence of specific association of activity with the
cytosolic and mitochondnal components was observed. Or
ganelleand membranecleavagedid not cause releaseof activ
ity into the cytosol. Approximately90% of@TcN-NOEt activity

myocardial tissue (2,3). Determination of its subcellular

was extracted fromventriculartissue and the chemicalnature of

showing

long retention

times

in normal

localization would therefore be a relevant step to fully
understanding the kinetics of this myocardial perfusion

agent. The purpose of this study was to determine the
subcellular distribution of @mTcN@NOEt
in the rat heart by
standard differential centrifugation techniques. In particu

lar, we followed methodologies described in two previous
papers concerning determination

of the subcellular local

ization of
@Tc-MIBI(7,8). In these works, subcellular
fractionation techniques were used and the efficiency of

@â€˜TcN-NOEt
was not altered by uptake by myocardium.
Conclusion: Cell membranes are the most apparent site of

organelle separation was ascertained with enzyme markers.
Since a number of studies on 99mTcMIBI have been re
localizationof @TcN-NOEt
in heart tissue.
ported (7,8), the subcellular distribution of 99mTcMIBI
Key Words: technetium-99m-N-NOEt;subcellulardistribution was also assessed using the same experimental procedures
and extraction
and used as a control. We further studied the effect on the
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subcellular distribution of wmTcN@NOEtof producing ex
tensive membrane cleavage and disruption of the internal

organelles by prolonging the homogenization time. Finally,
the chemical integrity of @â€˜@TcN-NOEt,
after the uptake
is(N-ethoxy, N-ethyl)dithiocarbamato
nitrido techne
tium-99m (99mTcNNOEt) (1,2) is a new imaging agent
currently under preliminary clinical evaluation as a tracer
for myocardial perfusion (3,4). This radiopharmaceutical

process, was determined by chromatographic

analysis of the

activity extracted from heart tissue using the Folch proce
dure (9â€”11).
MATERIALS AND METHODS
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Preparation of Technetium-99m-N-NOEt
The compound 99mTcN[Et(oEt)NCs2I2 (@mTcN@NOEt)was
prepared using both liquid and freeze-dried formulation as previ
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FiGURE 1. Structureof

@rcN-NOET.

ously described (2). Liquid formulation involves addition of
[@TcJpertechnetate (0.6 GBqâ€”1.0
GBq) to a vial containing 1.0mg

S-methylN-methyldithiocarbazate[H,NN(CH3)C(=S)SCH3],3.0
mg tris(m-sulfophenyl)phosphinesodium salt [P(m-C6H4S03)3]Na3
dissolved in 1.0ml HCI (0.10 M). The mixture was heated at 100Â°C

for 15mm and then cooledat room temperature,and the pH was
raised to 8.0 by adding 1.0 ml sodium phosphate buffer (0.20 M).
Finally, i.0 ml of a water solution containing 10 mg N-ethoxy
N-ethyl dithiocarbamate [Et(OEt)NCS2]Na was added at room

0

2

4

6

8

10

12

14

16

18

20

@me
(mm)

FiGURE2. HPLCprofile
of @â€˜TcN-NOET
activity
afterextrac
tk@nfrom heart tissue. (â€”) = extracted

@rcN-NOET
actMty;

temperatureand the formationof the finalproductwascompleted (----)
= reference @TcN-NOET activity;
(â€”)
= concentration
of

within 5 mm. The lyophilizedformulation was carried out as follows.

solventA. kcpm = i0@x countsper minutes.

Pertechnetate (0.6 GBqâ€”1.0Gbq) was added to a vial containing i.0

mg S-methyl N-methyl dithiocarbazate [H2NN(CH3)C(= S)SCHIJ,
0.1 mg SnCl,'2H20 and 10 mg l,2-diaminopropane-N,N,N',N'(iOOMCi)of a solution containing
tetraacetic acid (DPTA) in a freeze-dried form. The mixture was surgically exposed and iOO @l
the
radioactivecomplex(@mTcN@NOEt
or 99mTcMIBI)were in
heated at 100Â°C
for 15 mm and then cooled to room temperature.

Ten milligrams[Et(OEt)NCS,JNadissolvedin 1 ml water were jected.The animalswerekilledbycervicaldislocation(5 mm after
finally added to the reaction vial and the solution was left to stand

for 5 mm at room temperature.To avoidactivitylossas a conse
quence of absorption by the syringewalls, 20 mg of gamma
cyclodextrine were added to both formulations.
The radiochemical purity (RCP) of 99mTcNNOEt has been
evaluated by HPLC analysis or by using a previously described

injection for 99mTcNNOEt and 10 mm after injection for 99mTc

MIBI), the heartsextractedandwashedwith cold water to remove
the residual blood. The atrial tissue was dissected and discarded,
while the remaining septal and ventricular tissue were grossly

minced on ice with a scalpel and placed in a centrifuge tube
containing 10 volumes of a homogenization medium (Iris HC1,

method (2). The finalyieldwasalways>97%. Figure2 showsthe 0.020 mol dm3, pH = 7.4, 4Â°C,)and protease inhibitors [phenyl
HPLC profile of 9QmTcNNOEtactivity(dashed line) eluted methyl-sulfonylfluoride (PMSF) (1 mM) and leupeptins (1 @Wml),
through HPLC, SystemGold equipped with programmablesol benzamidin hydrochloride hydrate (1 mM), iodoacetamide (1 mM)
vent Module 126, sample injection valve 210A, analog interface and pepstatin A (1 pM)] dissolvedin the same Iris HC1buffer.
g) was homogenizedusing an Ultra
Module 406, scanning detector Module 166 (Beckman Instru The tissue sample (0.8â€”1.2
ments, Inc., San Ramon, CA) and radioisotope Detector Model
170 (Beckman Instruments, Inc., Fullerton, CA). The HPLC sys

lurrax Model 150 homogenizer (Janke & Kunkel KG, Staufen,
Germany) for 30, 60 and 180 sec (n = 5 for each time point) and

tem included a Ci8 ultrasphere Reversed-phase precolumn the activitywasmeasuredin a gammacounter.The sampletubes
were kept on ice during the homogenizationprocedure.Ihe ho
(length, 45 mm, diameter 4.6 mm) and a Ci8 Ultrasphere Re
mogenate was subjected to differential centrifugation (4Â°C)at
versed-phase column (length, 250 mm, diameter 4.6 mm) (Beck
man Instruments). The flow rate was I ml min â€˜
and the mobile
phase was A = water and B = methanol (gradient: time 0 mm
100%A for 2 mm; at time 2 mm 0â€”100%
B in 3 mm; time 5 mm
100% B for 11 mm; at time 16 mm 0â€”100%A in 3 mm; time i9
mm 100% A for 6 mm). Retention

time of

@mTcN@NOEt
was

10.88mm.
Synthesis of 99mTcMIBI was carried out from a lyophilized kit

1000 x g (10 mm) (Pi) in a Minifuge GL centrifuge (Heraus

ChristGmbH,Osterodeam Harz,Germany)and at 10,000x g (iO
mm) (P2), 50,000 x g (30 mm) (P3) and 100,000 x g (60 mm) (P4

and S) in a BeckmanModel L8-50M/Eultracentrifuge(Fig. 4).
Eachsetof pelletswasmixedwith iO volumesof cold homogeni

zation buffer and gentlysolubilizedwith a IKA Vibro-FixVF-i
instrument (Janke & Kunkel, Staufen, Germany). lechnetium

formulation (CardioliteÂ®,El. Du Pont, Billerica, MA). Kits were

99mactivityin each pellet and supernatantwas determinedusing

reconstituted and tested for radiochemical purity by previously
described methods (12).

separationwas determined by assayof each centrifugalfraction

Subcellular Distribution Studies

(15 mg kg
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â€˜)and xilazine

injection of a mixture of ketammne

(18 mg kg

with enzyme markers (lable 1). Lactate dehydrogenase, acid phos

phatase, alkalinephosphataseand 5'-nucleotidaseactivitieswere

Femalerats (SpragueDawley)weighing250â€”300
g were anes
thetized with an intraperitoneal

a Cobra gamma counter (lable i). The efficiency of organelle

â€˜).A jugular

vein was

assayed from 0.02 to 0.20 ml aliquots of each fraction using spec

trophotometricassay kits (SigmaChemicalCo., St. Louis, Mo).
Succinic dehydrogenase activity was determined using a p-iodo
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TABLE I
Distributionof Technetium-99m-N-NOEtActivity and SubcellularMarkers*
Marker@

Cell fraction

P1

P2

P3

HomogenizationSDHMitOChOndna82.0
60 sec
Â±9.515.2
0.0ACPLysosome5.8

8.65'NDSarcolemma16.6
3.8ALPSR30.9
6.5LDHCytoplasm10.5
1.6@TcN-NOEt15.8
1.6@â€˜Tc-MlBl80.9
0.3SDHMitochondna44.0
0.0ACPLysosome4.8
9.05'NDSarcolemma15.6
5.3ALPSR28.4
5.5LDHCytoplasm4.5
1.3@TcN-NOEt14.2
0.8@â€œ@Tc-MlBl19.9

Â±6.20.5
Â±3.79.8
Â±6.63.4
Â±8.364.2
Â±13.43.2
Â±8.324.8
Â±7.820.1
Â±0.70.7
Â±0.30.4
Â±6.460.2
Â±2.912.1
Â±10.715.3
Â±7.60.8
secHomogenization
Â±4.5180
36.6 Â±10.415.4
Â±1.78.4
Â±2.99.4
Â±7.145.2
Â±10.417.1
Â±7.122.3
Â±5.820.6
Â±3.00.5
Â±0.30.6
Â±3.142.5
Â±5.828.1
Â±2.74.3
Â±0.91

P4

Â±0.10.0
Â±0.20.8
Â±0.22.5
Â±5.65.7
Â±0.10.2
Â±6.55.1
Â±0.40.6

Â±0.00.0
Â±0278.2
Â±1.17.5
Â±2.710.2
Â±0.184.2
Â±2.82.9
Â±0.40.9

Â±10.00.0

Â±0.00.0
1.8 Â±6.064.2
Â±2.117.2
Â±1.418.3
Â±0.293.0
Â±3.81
Â±0.770.6

Â±7.11
Â±3.23.5
Â±3.69.7
Â±0.30.4
Â±5.55.3
.8 Â±0.10.9

S
Â±

Â±
Â±
Â±
Â±
Â±
Â±
Â±
Â±
Â±
Â±
Â±
.3 Â±
Â±8.3

@Values
are expressedas percent of the total homogenateactivity (n = 5/centrifugationtime). SDH = succinatedehydrogenase;ACP = acid

phosphatase;
5'N = 5'-nucleotidase;
ALP= alkalinephosphatase;
LDH= lactatedehydrogenase;
P1= 1000x g; P2= 10000x g; P3= 50000;
g; P4 = 100000x g; S = sumatant

nitrotetrazolium-linked

assay (13 ). Spectophotometric

measure

ments were carried out using a Beckman DU-40 spectrophotom
eter.
Analysis of Techne@um-99m-N-NOEt
Extraction of 99mIcNNOEt

from rat heart tissue, injected in

RESULTS
The subcellular distribution of @â€œ@TcN-NOEt
was evalu
ated using the protocol illustrated in Fig. 4. Two critical
parameters in this procedure are the homogenization time
and centrifugation rates. We kept the centrifugation pro
cedure for separating the various subcellular fractions fixed.

travenously with the radiopharmaceutical, was performed using

The homogenization time was extended from 30 to 60 sec

the standard Folch technique (9). The rats were treated as de
scribed above and the hearts removed, washed in buffer, weighed

or i80 sec (n = 5 for each time point). Table i reports the

and counted in a gamma counter to obtain the percent activity per
heart and the percent activity per gram values. The heart tissue
was then homogenized in a 2:1 chloroform-to-methanol mixture at
a 20:1 volume with a Ultra-lurrax Model 150 homogenizer. After
filtering the homogenate to remove the particulate, a volume of

distribution of subcellular markers and of @Â°@TcN-NOEt
activity. The values obtained for the homogenization times
30 and 60 sec were not significantly different, and Table 1
includes only the results corresponding to 60 sec. The ho

mogenization procedure appeared to disrupt most of the

0.29%NaC1
solution
wasadded
(20%oftheoriginal
volume)
and
the organic and aqueous phases were separated. The two phases

and the residual particulate matter were counted to determine the
percent activity per fraction. Initial @mIcactivity, 92% Â±3.4%,
was recovered in the chloroform phase. The organic phase was

S
BS

SC

AS

taken to drynessand redissolvedin a smallamountof chloroform
for TLC as described above. The results revealed that the cx
BS

tracted activity migrated as a single peak on silica gel or reversed

SC

phase TLC plates and showed the same Rf values (0.89 silica gel;
0.48, reversed-phase) corresponding to 99mIcNNOEt (2) (Fig. 3).

The HPLC peak of the extracted activitywas eluted using the same
procedure detailed above and was found to overlap with the

0

control peak correspondingto @Â°â€˜IcN-NOEt
reference activity
(Fig. 2). The recovery of the extracted activity from the HPLC
column was 98.8%. The chemical nature of the extracted activity
was further investigated by electrophoresis carried out on a What

man 3.0 paper sheet at @V= 200, 250, 350 V for 1 and 2 hr for
each potential difference. The radioactive tracer was found to
remain at the origin, indicating that the uptake process did not
affect its neutral character.

I

2

FIGURE 3. TLC chromatographyof
@rcN-NOEr
activityafter
extractionfrom heart tissue. (1) allk@a
gel p@tes,mobile phase,

CH2Cl@;
(2)reversedphase C18 plates,mobilephase,methanol
acetonittile-tetrahydrofuran-ammonium acetate (0.5 mole dm@ (3:

3:2:2). @A)
99nTFcO4@
reference;(B)extracted @FcN-NOET
actMty;
(C)reference @1@cN-NOET
activity;(0) = origin;(S)= solventfront.
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Homogenization
oflleartlissue _
withâ€œTcN-NOEt
andâ€œ1c-MIBI

//â€œ

E@1
U\\\\fl ,///7
Ucomponent
S

O@
U\QP4

FiGURE4. Schematic
diagram
ofthesub

cellularfractionationprocedure(P = pellet,
S = supernatant).

heart cells, as evidenced by the quantitative release of LDH
into the supematant. When the homogenization time was

for highly lipophilic substances. Approximately 90% of the
initial activity localized in the ventricular tissue was recov

30 or 60 5cc, 99mTc activity was primarily recovered in the

ered in the organic phase (CHC13) and analyzed by HPLC

1000 x g and iO,000 x g pellets, which also exhibited the

and TLC to investigate the influence of the uptake process
on the chemical identity of @mTcN@NOEt.
The chromato

highest concentration

of 5'ND and ALP. The highest con

centrations of SDH, ACP and LDH were found in the first
pellet and in the supernatant, respectively. Association of
activity was approximately 15% with SDH and 3% with
ACP and LDH, indicatingthat no specific localization into
mitochondria, lysosomes or cytosol was observed. Exten
sion of the homogenization time to 180sec, caused 99mTcN
NOEt activity to be distributed over the i000 x g, 10,000 x
g and 50,000 x g pellets, while significant amounts of the
membrane markers 5'ND and ALP were found in almost
all five centrifugal fractions. SDH was also spread over the

P2 and P3 pellets. These results suggest that the prolonged
homogenization period produced disruption of most of the
internal organelles and cleavage of cellular membranes in
shorter segments. In this situation, wmTcN@NOEtactivity
was associated with the first three pellets which contain the
most consistent amount of the membrane components.
Presently, it is impossible to establish clearly whether the
association of the activity with the enzyme marker ALP
corresponds to an actual in vivo localization of tracer in the

graphic profile of the eluted activity is shown in Figure 2. It
exhibits a single peak which was found to be perfectly

superimposable with the control peak corresponding to
added 99mTcNNOEt reference activity. The correspon

dence between the extracted and the reference activity was
also evidenced by TLC, as illustrated in Figure 3. These
findings clearly demonstrates that the uptake process does
not involve a change in the chemical nature of the tracer.
DISCUSSION

The subcellular distribution of

@mTcN@NOEt,
deter

minedby standard
differential
centrifugation
techniques,
strongly supports the view that this tracer can diffuse and
localize in the hydrophobic components of myocardial cells.
No specific associationwith mitochondria or cytosolwas

observed in this study. Such a picture is consistent with the
high lipophilic character of 9@TcN-NOEt (logP â€”3.95)
(15). Since data obtained using subcellular fractionation

sarcoplasmic reticular membranes or whether it is simply
the result of the transfer of the lipophilic @mTc
complex
from one hydrophobic component to another during the
fractionation procedure.
A parallel experiment for determining the subcellular
distribution of 99mTcMIBI was carried out using the same
fractionation procedure. The results are reported in Table

procedures should always be viewed cautiously, due to the
dependence of the results on two crucial parameters (e.g.,
homogenization times and centrifugation rates), we carried

1. They show that wmTc@MIBIactivity was mostly recovered

in the 1000 x g pellet, when the homogenization time was

is a neutral complex, while @mTc@MIBI
carries a monopo
sitive charge. A sharp distinction between the subcellular

30 or 60 sec, which was enriched with the mitochondrial
component. When the homogenization time was extended
to 180 5cc,
@Tc-MIBIactivity was released in the super

distributions of the two tracers would therefore be cx
pected. Moreover, many studies on the determination of
the subcellular localization of 99mTc@MIBI
have been doc

natant as a consequence of the disruption of the mitochon

umented (16,17), thus allowing a careful control of the
resultsobtained here. Our findings on the subcellulardis
tribution of 99mTcMIBI (Table 1) were in satisfactory

drial organelles. These findings are in agreement with pre
viously published results (7,14).

out a parallel experiment to determine the subcellular dis

tribution of @Tc-MIBI
with the same procedure used for
@â€œ@TcN-NOEt.
The main difference between these two
complexes lies in their charges. In particular, wmTcN@NOEt

Extraction of the activity localized in the heart tissue

agreement with literature data and indicate that, as previ

after injection of 99mTcN@NOEtwas accomplished with the
standard Folch procedure (9), which is particularly suitable

ously suggested (8), mitochondria are the most probable
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localization site of 99mTcMIBI When the homogenization
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time was extended to 180 5cc, approximately 70% of @Tc tration, a fact that has been experimentally verified both in
MIBI activitywas released into the cytosolic fraction as a humans (3,4) and in animal models (6).
result of the disruption of mitochondria and extraction of
the activity into the aqueous medium. This result agrees
with that of Crane et al. (7). The comparison of the sub
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and 99mTcMIBI was therefore particularly revealing. The
fact that 99mTcNNOEt activity was not released into the
cytosol after membrane and organelle disruption strongly
suggests that this neutral, lipophilic tracer remains tightly
bound to the hydrophobic components of the cell. In con
trast, 99mTc..MIBI in the same situation, is efficiently re
moved from the disrupted mitochondria and transferred to
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