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MRP20 (N-(2(1H pyrolylmethyl))N'-(4-pentene-3-one-2)) 
ethane-l,2-diamine) complexes with technetium-99m, 
yielding a neutral, lipophilic species. This compound has 
been characterized as [TcO(MRP20)]. Biologic investiga- 
tion of [99~Tc][TcO(MRP20)] in female rats showed 2.35% 
ID in the brain 30 min p.i. with no significant wash-out over 
3 hr. A single-photon emission computed tomography 
(SPECT) study in a dog demonstrated rapid tracer uptake 
in the brain, reaching a maximum within 1 min, with 2.24% 
i.d. 15 min p.i., decreasing to 1.7% after 4 hr. The complex 
undergoes hydrolysis in vitro forming a cationic species. 
This is possibly the trapping mechanism in the brain in 
vivo. The main excretory route of [99r"Tc][TcO(MRP20)] iS 
via the hepatobiliary tract. There is evidence of some "in 
vivo" cell labeling and soft-tissue uptake. 
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T h e r e  is considerable interest in the development of 
a new radiopharmaceutical for cerebral imaging that is 
capable of accurately reflecting regional cerebral blood 
flow (rCBF). Neurologic nuclear medicine has potential 
applications in the diagnosis of stroke patients, demen- 
tias including Alzheimer's disease patients, epilepsy and 
psychiatric disorders, e.g., schizophrenia (•-6). The 
radiopharmaceuticals currently employed for these 
studies, either commercially or in research include 
iodine- 12 3-N-isopropyl-p-iodoamphetamine (Spect- 
amine", I-AMP); [~-'~I] N,N,N'-trimethyl-N'-~2-hy- 
droxy-3-methyl-5-iodobenzyl]- 1,3-propanediamine (I- 
HIPDM); technetium-99m-hexamethylene propyla- 
mine oxime (Ceretec", Tc-d,t HMPAO): 99mTc-ethyl 
cysteinate dimer (Neurolite'", Tc-ECD) (7), and [99mTc] 
[TcCI(DMG)32MP] (8). The high cost and limited 
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availability of 1231 makes a technetium agent the radio- 
pharmaceutical of choice in many clinics and there is 
presently only one such technetium compound suitable 
for these studies licensed for sale in most parts of the 
world. A prerequisite of these radiopharmaceuticals is 
their ability to cross the blood-brain barrier (BBB) and 
be retained within the brain matter for a length of time 
suitable for the required study. Retention occurs be- 
cause of a trapping mechanism which will prevent the 
tracer from crossing the BBB in the opposite direction. 
The mechanism may be enzymatic, causing a funda- 
mental change in the dependent molecule or pH due to 
the different pH values in blood and brain matter (9- 
11) or a simple chemical reaction that renders the 
complex non-diffusable. Certain factors, such as charge 
(9-11), molecular weight (12), and lipid solubility (13) 
are known to affect a compound's ability to pass the 
BBB. The ideal molecule has an overall neutral charge, 
<500 Daltons and is within a window of Log P values 
0.9-2.5. In this study, we report a ligand MRP20 (N- 
(2(t H pyrolylmethyl))N'-(4-pentene-3-one-2)ethane- 
1,2-diamine), which, by the loss of three protons, is 
designed to form a neutral technetium complex con- 
taining a Tc = 0 3+ core, with technetium in the +5 
oxidation state (Fig. 1). This complex has a molecular 
weight of 336 Daltons and lies well within the accepted 
limit for molecular mass. The synthesis of the no-carrier 
added (NCA) ~QmTc complex and its in vivo behavior 
in non-primate animals are reported in this paper. 

MATERIALS AND METHODS 

All chemicals were of standard laboratory, grade except for 
high-performance liquid chromatography (HPLC) grade sol- 
vents that were obtained from Romii Chemicals Ltd., Lough- 
borough, United Kingdom. Technetium-99m-HMPAO was 
prepared from a commercially available kit (Ceretec", Amer- 
sham International). Distilled water was used at all times and 
nitrogen gas (Air Products, Wavre, Belgium) was used as found 
without further drying or removal of oxygen. Pertechnetate 
was obtained from a 99Moff~r"Tc generator (Elutec '', Medge- 
nix) in isotonic saline. 
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MRP20, N-(2(1H pyrolylmethyl))N'-(4-pentene-3-one-2) 
ethane-1,2,-diamine. 

Ligand Synthesis 
MRP20 was synthesized and fully characterized by a single 

crystal X-ray structure determination. The details of the syn- 
thetic procedure will be reported elsewhere. 

Formulation of the NCA 99"q'c Complex 
Five milligrams (2.26 x 10 -5 mole) of MRP20 ligand in 

ethanol was mixed with a pertechnetate and saline mixture 
and 20 ¢~g (8.86 x 10 -8 mole) of stannous chloride (Janssen 
Chimica, Beerse, Belgium) to a final concentration of 50% v/ 
v EtOH:NaC1. The reaction was left at room temperature for 
15 rain followed by a separation step on a C-t8 reverse-phase 
chromatography column (Seppak c~ Millipore, Waters). The 
column was prepared in the recommended way by pre-wetting 
with ethanol followed by a water rinse before loading the 
sample. The lipophilic complex was retained on the column 
and all impurities (e.g., excess stannous ions, free ligand, and 
unreacted pertechnetate) were removed by washing the col- 
umn with water. The complex was then eluted in a pure form 
in ethanol and conserved until required. 

Complex Analysis 
Standard analysis was performed using instant thin-layer 

chromatography silica gel support (ITLC-SG ~", Gelman, St. 
Louis, MO) with 20% saline and methyl ethyl ketone (MEK) 
as mobile phases. The strips were analyzed on a Berthold 
automatic TLC linear analyzer with a Berthold chromatogra- 
phy data system and an Epson LX 86 printer. In this chro- 
matography system, the complex and pertechnetate migrate 
to the solvent front in MEK, while only pertechnetate migrates 
to the solvent front in saline. By subtraction therefore, the 
overall yields of TcO4- and TcO2 can be determined as well 
as the yield of complex. 

Analysis of the yield of lipophilic complex was also made 
using an octanol/saline extraction system. To a tube contain- 
ing 1 ml of saline-saturated octanoi and 1 ml of octanol- 
saturated saline a small aliquot (10-20 ul) of the reaction 
solution was added. This was mixed vigorously on a vortex 
mixer for several minutes and then centrifuged for 3 min at 
1500 rpm. The two phases were separated and 0.8 ml of each 
phase was counted in a Capintec CRC120 gamma counter. 
The percent of activity found in the organic phase, normalized 
to I ml, was taken as the percent yield of lipophilic complex. 

To assess the charge on the technetium complex, electro- 
phoresis was performed using electrophoresis chamber (Gel- 
man Sciences), a veronal buffer at pH 8.5, and a stationary 
phase with Whatman's No. 1 chromatography paper. Rou- 
tinely, a voltage of 10 V/cm was applied and the experiment 
ran fbr 30 min. 

Reverse-phase HPLC was carried out routinely to check 
reaction reproducibility. A Spectra-Physics system (Darm- 
stadt-Kranickstein, Germany), comprised of a SP8800 ternary 
HPLC pump for gradient etution, a chromjet integrator con- 
nected to a Spectra t 00 variable wavelength u.v./visible detec- 
tor, and a Canberra gamma detector, was used with a Ham- 
ilton PRP-I (10 um reverse phase) column fitted with a 
rheodyne injection valve. A gradient elution profile of 5% 
tetrahydrofuran (THF):95% phosphate buffer reaching 45% 
THF:55% buffer after 5 rain was employed, and under these 
conditions the ligand Rv was calculated to be 6.99 ml and that 
of the technetium complex, 10.7 ml. The dead volume of the 
system was calculated as i.39 ml using Nal detected by ab- 
sorption at 254 nm. 

Characterization of the NCA Neutral Complex 
The '~Tc complex of MRP20 was prepared from [99Tc] 

[TcO(ethyleneglycolate)2] 2- and characterized by standard an- 
alytical techniques as the [MOL] complex, where M = Tc(V) 
and L = (MRP20) 3-. The technetium complex structure was 
identified by mass spectrometry, FAB+MS, infra-red spec- 
trometry, microanalysis, and additionally by IsC NMR spec- 
troscopy as [9~Tc][TcO(MRP20)]. Additionally, a crystal of 
['~Tc][TcO(MRP20)] suitable for X-ray anatysis was obtained 
and its structure recently solved. Details of the synthesis and 
characterization of these complexes will be the subject of 
a separate report. Equivalence of the ~gTc and [~gmTc] 
[TcO (MRP20)] compounds was shown by coinjection of the 
two complexes onto the HPLC. 

Calculation of Log P Values for the Ligand and the 
NCA Complex 

A method for determining Log P was developed with an 
HPLC system based on published examples (14-16). A series 
of ligands of similar structure to MRP20 were analyzed by 
octanol:saline extraction and the partition coefficient was 
calculated using HPLC with O.D. measurements at 3t I nm. 
Calculation of the capacity factors on the HPLC column of 
the ligands was made according to: 

V , -  Vo 
k t . ~ _ ~  

Vo 

where V, is retention volume of the ligand and V,~ is the dead 
volume of the column. 

Animal Studies: Biodistribution in Rats 
Biodistributions were performed using a formulation of the 

MRP20 complex that had been purified on a C-18 reverse- 
phase column and eluted with ethanol:saline (45:55 v/v), 
Approximately 5-10 #Ci of MRP20 were injected into the 
femoral vein of female rats while under ether anesthesia. The 
rats were allowed to recover from the anesthetic and placed 
in individual cages where no attempt was made to collect 
urine and feces. Three rats were killed by cardiac puncture at 
five time points: 5, 15, 30, 60, and 180 rain postinjection. The 
organs of interest were excised, washed with saline to remove 
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surface blood, weighed on an analytical balance, and counted 
in an Intertechnique automatic gamma counter (CG 400, 
attached to a teletype printer). Suitable standards, representing 
1 / 1000 of the injected dose, were prepared from the injection 
material. Blood and muscle values were taken as 6% and 43% 
of the total body weight, respectively. 

In order to study the biologic fate of the hydrolysis product 
of MRP20, a preparation of MRP20 of >95% purity was 
allowed to degrade for over 4 hr. The remaining lipophilic 
complex was fully extracted with CH:CI2 and an assay on the 
HPLC confirmed the absence of both the neutral MRP20 and 
pertechnetate. A biodistribution study in rats was performed 
following the same protocol as above, with three animals 
killed at 5, 15, and 30 min postinjection. A subsequent whole- 
body study on a beagle dog was performed by taking a number 
of views to cover the whole body with a large field of view 
camera. The hydrolysis compound was prepared using the 
technique previously' described. 

Canine Biodistribution 
An adult beagle dog, weighing 19 kg, was anesthetized with 

i.v. pentobarbital (I500 MBq per study) which was injected 
in a vein in the foreleg. In order to study initial kinetics of 
brain uptake, serial dynamic images of the head in a left lateral 
position were obtained with a frame rate of l/see for the first 
2 min after injection, and 10 see/frame for the next 13 min. 
To generate time-activity curves, a region of interest including 
the whole brain, was selected. At the end of the 15 min and 
again 4 hr after injection, a number of views covering the 
whole body were obtained with a large field of view camera. 
Blood samples were withdrawn into heparinized tubes from a 
site other than the injection site at 2, 5, 10, 20, 45, 60, t20, 
and 180 min after injection for blood clearance analysis. An 
aliquot from each sample was pipetted and counted as whole 
blood and the remaining sample was centrifuged at 3000 rpm 
for 10 min and an aliquot of plasma was taken. Both the 
whole blood and plasma were counted in a gamma counter 
with suitable standards prepared from the injection material. 

Tomographic images were obtained at 30 min, 1, 2, and 4 
hr after injection using a rotating gamma camera equipped 
with a low-energy high-resolution collimator. Data were col- 
lected in 64 x 64 matrices with a zoomed 30 × 30 cm field of 
view using 64 angular increments over 360 ° and an acquisition 
time of 30 see/view. Before reconstruction, a 50% scatter 
correction was performed by subtracting 50% of the image 
acquired in the scatter window (100 keV, 20%) from the 
image acquired in the ''mTc peak window (140 keV, 15%). 
Transaxial, sagittal, and frontal slices were generated by fil- 
tered backprojection using a Hamming-Hann filter. 

RESULTS 

Chemistry of the Carder and NCA Complexes 
The reduction of pertechnetate by s tannous ions in 

the presence of a solution of  MRP20  at ambient  pH 
(pH 8-8.5) yields a neutral and tipophilic technet ium 
complex that does not migrate under  electrophoresis 
conditions and has an Rf of  1 in MEK. Octanol  extrac- 
tion shows that it is quanti tat ively extracted into the 
organic phase and its behavior  on the HPLC column 
confirms its lipophilic nature. Figure 2 shows an HPLC 
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HPLC chromatograms shows the equivalence of 99r"TC com- 
plexes of MRP20 following coinjection of the two isotopes 
onto the Hamilton PRP-1 reverse-phase column. Details of 
the elution gradient are given in the Methods and Materials 
section. A is the free, uncomplexed ligand, MRP20, which is 
retained on the column and elutes in 6.57 ml. Detection was 
by uv/visible spectrometry at 311 rim. B is the 99r"Tc complex, 
retained for a longer time on the column and eluted in 10.78 
ml. Detection was by a NaJ crystal gamma scintillation well. C 
is the 99mTc complex (10.7 ml) which is shown inverted and 
offset to emphasize the identical retention volume of the two 
technetium complexes. Detection was by uv/visibte spectrom- 
etry at 360 nm. 

trace of  both the uncomplexed ligand and [99mTc] Tc 
complex, with the latter retained on the co lumn signif- 
icantly longer; Rv [ligand] 6.99 ml; Rv [complex] 10.68 
ml. The chromatogram obtained with MRP20  is also 
included to show the equivalence of  the two com- 
pounds.  Log P of  the ligand was calculated as 1.13 and 
that  of  the technet ium complex as 1.93. The Log P of  
the complex is within the range of  values quoted for 
l ipophilicity (0.9-2.5) that  are suitable for crossing the 
BBB. The same system was used to calculate a Log P 
for 99mTc-HMPAO, reported as 1.2 by Neirinckx et al. 
(17). We calculated experimental ly by HPLC and 
achieved a Log P of  1.81. This is in reasonable agree- 
ment  with the Log P value quoted by Anderson et al. 
(18) of  1.9 which was determined by octanol:saline 
extraction. 

MRP20 Biodistribution in Rats 
The results o f  the rat biodistributions on the neutral 

technet ium complex are given in Table 1. The data 
represents the % ID/organ  and shows significant brain 
activity after 30 min  and  retent ion in the brain of  the 
injected material  up to 3 hr. Tracer excretion was 
through the hepatobil iary system. There was consider- 
able soft-tissue and muscular  uptake, and the blood 
clearance was slow with a half-life o f  3.8 hr over the 
first 30 rain and a half-life of  11.5 hr from 30 to 180 
min.  

Imaging Characteristics in the Beagle 
In the dog brain, uptake is fast; m a x i m u m  brain 

activity was seen within 1 min  postinjection with 2.24% 
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TABLE 1 
Biodistribution in Rats of MRP20 

Organ 5min 15min 30min 60min 180min 
ii1| i i i  

Brain 1.20 1.40 2.35 2.08 1.68 
Heart 1.20 1.06 1.43 1.31 0.88 
Liver 9.70 9.78 13.20 8.98 4.27 
Kidneys 4.00 4.59 5.84 6.43 7.95 
Intestine 5.60 6.66 9.32 9.89 15.27 
Spleen 0.30 0,32 0.48 0.49 0.32 
Lung 2.10 1.97 2.21 2.05 1.31 
Stomach 1.50 1.82 2.85 2.51 1.73 
Muscle 28.82 37.97 - -  43.25 m 
Blood 13.11 1 2 . 4 3  1 1 . 8 0  11.10 8.65 

The values are expressed as % dose/organ and represent the 
mean of three animals. 

ID in the brain at 15 min postinjection. This level of 
activity remained fairly constant throughout the 4-hr 
study (1.74% after 4 hr). A comparison of the rate of 
uptake into the brain of MRP20 and HMPAO made in 
the same dog on two different occasions shows that the 
rate of uptake for both compounds was very similar 
(Fig. 3). In spite of the small size of the dog's brain 
when considering the spatial resolution of a rotating 
camera system, SPECT studies showed a selective cer- 
ebral uptake with a high contrast between the brain and 
the skull (Fig. 4). No apparent redistribution was ob- 
served during the successive SPECT studies. As previ- 
ously observed with Ceretec *, MRP20 also showed 
uptake in the olfactory region (19) with approximately 
the same kinetic pattern as the brain. The blood clear- 
ance of MRP20 was slow with a whole blood activity 
of 14% at 2 rain decreasing to 6% by 2 hr. The corre- 
sponding plasma activities were 3% and 1.1%, indicat- 
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FIGURE 3 
A comparison of the rate of uptake into the brain of a dog of 
25 mCi [~mTc][TcO(MRP20)] and 15 mCi of ~9~q'c][Tc- 
HMPAO]. The graph shows the uptake and retention of both 
compounds over a period of 10 min. The same dog was used 
for the studies on two separate occasions. 

FIGURE 4 
The SPECT images of the dog were acquired 3 hr after 
injection. Three different views are shown; transverse (T), 
frontal (F), and sagittal (S) slices were reconstructed. The 
sagittal view clearly shows the brain (B), olfactory (O), and 
snout (X) activity. There is also evidence of some salivary (Y) 
gland activity. 

ing a strong affinity with the cellular fraction of the 
blood (Fig. 5). The major excretory route was through 
the hepatobiliary system, although the whole-body im- 
ages at 4 hr showed considerable activity in the urinary 
bladder as well. 

Stability of the NCA Complex 
The stability of the NCA complex in ethanolic solu- 

tion was studied by HPLC, electrophoresis, and by 
octanol:saline extraction. Both the ligand and complex 
are susceptible to hydrolysis under certain conditions 
with the cleavage occurring at the >C ---~ N-linkage 
which is formally present in the molecule (Figure 6). 
Hydrolysis of MRP20 results in a technetium complex 
(or complexes) which has been identified by electropho- 
resis to be cationic. A charged and more hydrophilic 
character is reflected by the lack of extraction of this 
hydrolysis product into octanol. Good separation on 
HPLC has not been achieved and this is attributed to 
the presence of a vacant coordination site arising from 
the cleavage of the >C ~ N bond, which may be loosely 
coordinating solvent molecules easily lost or exchanged 
under HPLC conditions. It was observed that the neu- 
tral MRP20 decomposed preferentially into the cationic 
species rather than to pertechnetate over the first 3 hr 
of the study. It is possible to arrest the hydrolysis of 
both the ligand and complex by paying careful attention 
to the reaction conditions. This work is under extensive 
investigation in our laboratories. 
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FIGURE 5 
Graph plotting the blood clearance in the beagle of MRP20 
over a 2 hr. Points represent % ID in the whole blood or 
plasma as a function of time. 

Biodistribution of the Hydrolysis Product 
Under dilute, aerobic condit ions where no pH ad- 

justments have been made, a NCA preparation of 
>90% radiochemical purity will degrade in 4 hr to less 
than 20% neutral, lipophilic MRP20. The results of the 
biodistribution of the hydrolysis product, after separa- 
tion of the neutral compound from the reaction mix- 
ture, are given in Table 2. This study shows a lack of 

LY 
FIGURE 6 
Schematic diagrams shows the probable sites of hydrolysis 
in the ligand MRP20 (A) and the technetium complex (B), The 
hydrolysis of the ligand, A, results in the formation of a 
tridentate ligand containing a primary amine group. The hy- 
drolysis of the complex, B, results in a compound of uncertain 
structure, with a vacant coordination site X, which may loosely 
coordinate solvent molecules. 

TABLE 2 
Biodistribution Data of Hydrolyzed MRP20 in Rats 

Organ 5 min 15 min 30 min 
i i 

Brain 0.15 0,08 0.09 
Heart 0.31 0.11 0.11 
Liver 16.53 22.47 21.76 
Kidneys 10.83 11.70 9.40 
Intestine 3.62 8.64 12.09 
Spleen 0.21 0.24 0.20 
Lungs 0.93 0.31 0.25 
Stomach 0.53 0.84 0.78 
Muscle 15.20 4.60 4.03 
Blood 10.71 3.07 2.01 

The values are expressed as % dose/organ and represent the 
mean of three animals. 

brain uptake, rapid clearance from the blood with a 
half-life of 24 min, and mixed hepatobiliary/renal elim- 
ination in rats. These observations were subsequently 
confirmed with a canine whole-body study (unpub- 
lished experimental results). 

DISCUSSION 

The formulation of MRP20 presently requires more 
than a simple reconstitution step, but a freeze-dried kit 
has been prepared that has a proven shelf-life of more 
than 6 mo which is currently undergoing stability tests. 
Following our protocol, we can prepare this compound 
with a radiopharmaceutical purity of more than 93%, 
where the impurities contain <5% TcO2 and TcO4-. 
The stability of the complex can be guaranteed for more 
than 2 hr at greater than 80% of the desired lipophilic 
complex with the remaining 15% comprising the cati- 
onic hydrolysis product which is cleared through the 
hepatobiliary system. We are currently exploring several 
alternative methods to improve the shelf-life and post- 
reconstitution of this compound. 

The Log P (or degree of Iipophilicity) of our complex 
is comparable to that of 99mTc-HMPAO, however, we 
have shown that the mechanism of uptake (even con- 
sidering passive diffusion) is not completely controlled 
by calculation of molecular weight, charge, and lipo- 
philicity (14). 

The neutral,  l ipophilic complex, [99mTc][TcO- 
(MRP20)], is readily taken up into non-primate brains 
and is retained over a prolonged period. The uptake in 
rat brain reached a maximum between 15 and 30 min 
postinjection and the absolute amount of radioactivity 
in the brain is comparable to that reported in rats for 
~gmTc-HMPAO (17). 

In the dog, brain activity peaked within 1 min, fol- 
lowed by a small decrease before reaching a plateau at 
2.24% ID, calculated at 15 min postinjection. The 
blood clearance in the beagle of MRP20 is slow com- 
pared to the values quoted in animals for 99mTc-ECD 
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20) but is comparable  to those of  99mTc-HMPAO (19). 

there was significant soft-tissue uptake, however, the 

~ctivity clears fairly rapidly from the soft tissues while 

remaining trapped within the brain matter  with no 
apparent washout  or redistribution of the radiophar- 

maceutical. 

In c o m m o n  with other techne t ium complexes 

scanned for rCBF imaging, the olfactory gland of the 

dog was in evidence, probably due to the neural tissue 

that comprises part of  that gland. Approximately 1% of  

the injected dose was found in the olfactory gland at 15 

min postinjection, which is significantly less than the 
2.24% ID found in the brain. 

In conclusion, [99~"Tc][TcO(MRP20)] has been 

shown to cross the BBB in non-pr imate  animals and is 

retained within the cerebral mat ter  for a sufficient t ime 

to allow good quality SPECT images to be acquired for 
up to 4 hr after injection. The distribution of  the tracer 

within the cerebral tissues appears qualitatively to be in 

accordance with CBF with no redistribution of the 
radioactivity with time. We are currently designing the 

experiments necessary to quantify these observations. 
The results obtained in animals suggest that this com- 

plex may be useful in cerebral imaging and warrants 

further study in normal  human  volunteers (21). 
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