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Abstract In this work development of 68Ga-ethyl cys-

teinate dimer (68Ga-ECD) a 68Ga tracer for possible cere-

bral blood flow based on 99mTc ECD homolog is reported.
68Ga-ECD was prepared using generator-based 68GaCl3
and ECD at optimized conditions. Quality control, stability,

partition co-efficient and the biodistribution of the tracer

(by tissue counting and PET/CT in rats) was studied. Sig-

nificant metabolism of the lipophilic tracer into water

soluble metabolite(s) led to urinary excretion of the tracer,

un-comparable to that of homologous 99mTc-compound.

Cardiac uptake of the complex suggests formation of a

possible lipophil cationic complex and/or metabolite.

Keywords 68Ga � Ethyl cysteinate dimer �
Biodistribution � Cerebral blood flow agent � PET/CT

Introduction

Technetium-99m-ethylcysteinate dimer (99mTc-ECD), is a

well-known radiopharmaceutical used in brain perfusion

studies [1, 2] mainly considered a regional blood flow

tracer (rCBF) in strokes and other neurological diseases

[3]. In last 3 decades this radiopharmaceutical has been

used in detection and diagnosis of various cerebral flow

related diseases in humans including Alzheimer’s [4],

strokes [5], major depressive disorders [6] etc.

The increasing trend in the production and use of PET

radionuclides in nuclear medicine has offered new oppor-

tunities for researchers to focus on the production of new
68Ga radiopharmaceuticals due to the availability and

commercialization of 68Ge/68Ga generators. In some cases

the homology of metal based radiopharmaceuticals in

SPECT and PET has led to the successful development of

radiogallium compounds based on 99mTc complexes. For

instance, successful development of 68Ga ECC based on

renal imaging properties of its 99mTc homolog has offered a

new option for renal PET imaging using 68Ga [7].
68Ge decays by pure electron capture (EC) to the ground

state of 68Ga with a half-life of 270.95 days [8, 9]. 68Ga in

turn decays with a half-life of 67.71(9) min by a combination

of EC and positron emission primarily to the ground state of
68Zn, but also with a branch to an excited state at 1077 keV

with a probability of about 3 % and a number of higher

excited states with a combined probability of under 0.4 %.

Many PET tracers have been developed for diagnosis

and quantification of cerebral blood flow in normal and

different cerebral disease states such as [15O]water,

[13N]ammonia, and [15O]butanol more frequently while

other perfusion agents include [15O]O2, [11C]CO,

[11C]CO2, [18F]fluoromethane, [15O]O2, [11C]butanol, and

[62Cu]PTSM [10] while production and development of all

above mentioned tracers suffer from factors such as, short

physical half-life, presence of on-site cyclotron machines,

fast radiochemical production and quality assurance time

as well as presence of short shelf-life generators.

Developing a possible cerebral blood flow 68Ga-tracer

not only provides the advantages of a PET tracer from

imaging point of view but also a presents the possibility of

in-clinic production of the tracer using an available 68Ga
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generator. In this study we report preparation, quality

control and biodistribution of new 68Ga-ECD complex.

However the evaluation studies in rats demonstrated sig-

nificant cardiac as well as lung uptake and urinary excre-

tion unlike that of the homolog 99mTc compound (Fig. 1).

Although the difference in complex charge among the two
99mTc and 68Ga complexes can be a reason for this be-

havior, the difference in the esterase enzyme concentra-

tions in human/rodent brain cells can also be questionable

in performing biodistribution studies in rats.

Experimental

The 68Ge/68Ga generator (50 mCi/day activity) was ob-

tained from Pars Isotope Co. Karaj, Iran. Chemicals were

purchased from the Aldrich Chemical Co. (Germany). The

ECD diastromer used in this study was L,L-ethyl cysteinate

dimer which is locally available in the country form Pars

Isotope Company, Tehran, Iran with the request of removal

of SnCl2 from the formulation which was produced ac-

cording to the published procedure by the company [11].

Thin layer chromatography (TLC) for ECD quality control

was performed on polymer-backed silica gel, F 1500/LS

254, 20 9 20 cm, TLC Ready Foil, Schleicher & Schuell�,

(Germany). Normal saline and sodium acetate used for

radiolabeling were of high purity and had been filtered

through 0.22 lm Cativex filters. Analytical high perfor-

mance liquid chromatography (HPLC) used to determine

the specific activity, was performed by a Shimadzu LC-

10AT, armed with two detector systems, flow scintillation

analyzer (Packard-150 TR) and UV–Vis (Shimadzu) using

Whatman Partisphere C-18 column 250 9 4.6 mm,

Whatman, NJ (USA). Analytical HPLC was also used to

determine the specific radioactivity of the labeled com-

pound. A standard curve was generated to calculate the

mass of the final solution. Instant thin layer chromatogra-

phy (ITLC) was performed by counting Whatman No. 2

papers using a thin layer chromatography scanner, Bioscan

AR2000, Bioscan Europe Ltd. (France). Biodistribution

data were acquired by counting normal saline washed tis-

sues after weighting on a CanberraTM high purity germa-

nium (HPGe) detector (model GC1020-7500SL).

Radionuclidic purity was checked with the same detector.

For activity measurement of the samples a CRC Capintech

Radiometer (NJ, USA) was used. All calculations and

ITLC counting were based on the 1077 keV peak. Animal

studies were performed in accordance with the United

Kingdom Biological Council’s Guidelines on the use of

living animals in Scientific Investigations, 2nd edn.

68Ge/68Ga generator performance and quality

control

A prototype 50 mCi 68Ge/68Ga generator developed at Pars

Isotope Co. Iran, was used in this study. The production

and evaluation of the generator has been described recently

[7]. The generator was developed on the radiochemically

purified 68Ge after irradiating natural Ga at 29 MeV energy

at a 30 MeV IBA cyclotron (effective 22 MeV protons on

the target material) followed by loading over a SnO2 col-

umn. Gamma spectroscopy of the eluted final sample was

carried out counting in an HPGe detector coupled to a

CanberraTM multi-channel analyzer for 1000 s. Break-

through was measured by counting the same sample 48 h

after the first test for the detection of small amount of 68Ge

in sample according to the established method [12]. The

presence of Sn, Fe, Ga, Ge and Zn ions was checked by

inductively coupled plasma optical emission spectrometry

(ICP-OES) method. The radiochemical purity of the eluted
68Ga activity, was checked by 10 % ammonium ac-

etate:methanol on silica gel sheets and in 10 mM DTPA

solution (pH 4) on Whatman No. 1 Paper were performed

to check the percentage of the colloidal 68Ga fraction and/

or non-cationic gallium species.

Preparation of 68Ga-ECD

The acidic solution (100 ll) of 68GaCl3 (2.5–3 mCi) was

transferred to a 5 ml-borosilicate vial and heated to dryness

using a flow of N2 gas at 50–60 �C followed by the addition

of sodium acetate solution (200 ll, 0.5 M). 200 ll of a ECD

solution in 0.1 M acetate buffer pH 5.5 (1 mg/ml, 2 lmole of

ECD) was added to the gallium-containing vial and vortexed

at 90 �C for 10–30 min and controlled for radiochemical

purity. The active solution with acceptable radiochemical

purity was diluted by normal saline and sterile filtered using

0.22 micron membrane and pH was adjusted to 5.5–7.

Quality control of 68Ga-ECD

Radio thin layer chromatography

A 5 ll sample of the final fraction was spotted on a on

Whatman No. 2 paper and 0.4 M sodium acetate:methanol

(7:3) mixture was used as mobile phase.Fig. 1 Suggested molecular formula for 68Ga-ECD
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High performance liquid chromatography

HPLC was performed on a C18 reverse phase column using

water (solvent A) and acetonitrile (solvent B), both con-

taining 0.1 % trifluoroacetic acid at a flow rate of 1 ml/min

in a gradient mode of elution (0–4 min 5 % B, 4–20 min

5–95 % B, 20–30 min 95–5 % B). The initial activity in-

jected into the HPLC system was also compared with that

coming out of the column in order to determine the re-

tention of activity in the column, primarily due to the

presence of 68Ga in colloidal form.

Determination of partition coefficient

Partition coefficient (log P) of 68Ga-ECD was calculated

followed by the determination of P (P is the ratio of specific

activities of the organic and aqueous phases). A mixture of

1 ml of 1-octanol and 1 ml of isotonic acetate-buffered

saline (pH 7) containing approximately 3.7 MBq of the ra-

diolabeled gallium complex at 37 �C was vortexed 1 min

and left 5 min. Following centrifugation at [12009g for

5 min, the octanol and aqueous phases were sampled and

counted in an automatic well-type counter. A 500 ll sample

of the octanol phase from this experiment was shaken again

two to three times with fresh buffer samples. The reported

log P values are the average of the second and third ex-

tractions from three to four independent measurements.

Stability tests

The stability of the complex was checked according to the

conventional ITLC method [13]. A sample of 68Ga-ECD

(37 MBq) was kept at room temperature for up to 2 h while

being checked by ITLC at time intervals in order to check

stability in final product using above chromatography system.

In vitro stability of 68Ga-ECD in presence of human

serum

Final solution (200 lCi, 50 lL) was incubated in the pres-

ence of freshly prepared human serum (300 lL) (Purchased

from Iranian Blood Transfusion Organization, Tehran) and

kept at 37 �C for 2 h. Every 30 min to a portion of the

mixture (50 ll), trichloroacetic acid (10 %, 100 ll) was

added and the mixture was centrifuged at 3000 rpm for

5 min followed by decanting the supernatant from the debris.

The stability was determined by performing frequent ITLC

analysis of supernatant using above mentioned ITLC system.

Biodistribution in wild-type rats

The distribution of the radiolabelled complex as well as

free 68Ga cation among tissues was determined rats. The

total amount of radioactivity injected into each rat was

measured by counting the 1-ml syringe before and after

injection in a dose calibrator with fixed geometry. The

animals were sacrificed by CO2 asphyxiation at selected

times after injection (n = 3 for each time interval), the

tissues (blood, heart, lung, brain, intestine, faeces, skin,

stomach, kidneys, liver, muscle and bone) were weighed

and rinsed with normal saline and their specific activities

were determined with a HPGe detector equipped with a

sample holder device as percent of injected dose per gram

of tissues.

Imaging studies

PET/CT imaging was performed with a PET/CT scanner

(Biograph 6 TrueX; Siemens Medical Solutions).The rats

were placed in a supine position. Static PET images were

acquired for 10 min with 3 sets of emission images starting

30, 60 and 90 min after [68Ga]ECD injection for the rats. In

addition, PET emission scans were preceded by CT scans

performed for anatomical reference and attenuation cor-

rection (spatial resolution 1.25 mm, 80 kV, 150mAs) with

a total CT scanning time of 20 s. Reconstruction was

performed using the iterative algorithm with attenuation

correction. The reconstruction settings were 4 iterations

and 21 subsets to a 256 9 256 matrix, with a post filtering

of 2 mm. Transmission data were reconstructed into a

matrix of equal size by means of filtered back-projection,

yielding a co-registered image set. The reconstructed

emission images were reformatted into coronal, sagittal and

maximum intensity projection (MIP) image sets.

Results and discussion

Development and quality control of 68Ga generator

Radiochemical separation of 68Ge from irradiated natural

Ga was performed by a two-step extraction in an organic

solution followed by back extraction with 96 % yield. The

presence and absence of 68Ga and 68Ge was checked at

each step using HPGe detector (Fig. 2).

Radionuclidic control showed the presence of 511 and

1077 keV all originating from 68Ga showing [99 % ra-

dionuclidic purity (E.O.S.)

For the quality control of the 68GaCl3 solution, a time-

activity study performed at the eluted sample after �10

half-lives of the 68Ga in order to check the 68Ge break-

through. The data was recorded up to 8 days after elution.

Calculations showed that the 68Ge/68Ga activity ratio was

1.6600 9 10-5 at the time of elution.

The concentrations of tin (from generator material), iron

(from the sealing parts and acid impurities), zinc (as a

J Radioanal Nucl Chem (2016) 307:725–732 727
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decay product) and gallium (as the target material) were

determined using inductively coupled plasma (ICP-OES)

method (Table 1). The results showed during the devel-

opment Generator types 1–3 better chemical purities for all

impurities are obtained however the results are not very

significant. As a radiolabeling source for 68Ga based ra-

diopharmaceuticals specially ligands with very low mo-

larities (including peptides), this chemical purity is crucial

and usually this chemical purity suffice the procedure.

One important issue in the eluted activity was the de-

termination of 68Ga radiochemical form. In highly acidic

elutions the formation of other ionic complexes from the

generator was possible including 68GaCl�4 . In many cases

this species present in the solution did not participate in

complexation process. Dilution and/or pH changes also

were not possible due to the formation of volatile species

and/or high ionic strength of the solution not recommended

for radiopharmaceuticals. The radiochemical purity of the
68GaCl3 solution was checked in two solvents. In 10 mmol/

l DTPA aq. solution (solvent 1), free 68Ga3? is coordinated

to more lipophilic moiety as 68Ga(DTPA)2- and migrates

to higher Rf. (Fig. 3). Small radioactive fraction remaining

at the origin could be associated to colloids, since in

presence of very strong complexing agent (i.e. DTPA),

existence of other ionic species than 68Ga(DTPA)2- is rare.

On the other hand, 10 % ammonium acetate: methanol

mixture (1:1) (solvent 2) was also used for the determi-

nation of radiochemical purity.

The fast eluting species was possibly 68Ga and other ionic

forms of 68Ga such as 68GaCl�4 (if existed) remained at the

origin (Rf 0) as well as colloids (not detected) (Fig. 3).

The differences in the impurity peaks in the two chro-

matograms could be in part related to the presence of a

colloidal impurity which was insignificant. Also in-

significant (about\1 %) amount of activity can be at-

tributed to other ionic impurities.

Radiolabeling

Because of the engagement of several polar functional

groups in its structure, radiolabeling of ECD with gallium

cation affects its chromatographic properties and the final

complex is more lipophilic, however 68Ga-ECD complex

can carry a positive charge due to trivalent Ga. The free

gallium remains at the origin of the paper as a single peak

in ITLC studies (Figs. 2, 3).

According to many pharmacopoeias a tracer is accept-

able for injection[90 % of radiochemical purity and this

is mostly true for many clinically prepared 99mTc-

radiopharmaceuticals.

At room temperature no detectable complex was

formed. The best temperature was found to be 85–90 �C.

At this temperature, when freshly milked 68Ga fraction

with the highest specific activity was used, all the radio-

gallium was inserted into the complex. Although in the

reported method of 67Ga-ECC and 99mTc-ECD preparation,

the complexes were formed at room temperature, the ra-

diolabeling reaction for 68Ga-ECD was completed by

heating. The final radiolabeled complex in aqueous media

was ready-to-inject solution (Fig. 4).

Although the ITLC studies approved the production of

radiolabeled compound, HPLC studies demonstrated the

Fig. 2 Gamma spectrum for
68GaCl3 solution eluted from the

generator used in the

radiolabeling

Table 1 ICP OES mass data on

various prototype generator

elution’s used in this study

Element Generator 1 (mg/l) Generator 2 (mg/l) Generator 3 (mg/l)

Fe 0.557 0.432 0.230

Sn 0.340 0.32 0.220

Zn 0.284 0.110 0.135

Ga [0.1 [0.1 [0.1
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existence of radiolabeled species using both UV and

scintillation detectors. A more late-eluting compound at

5.85 min (scintillation detector) related to 5.75 min peak

(UV detector; not shown) demonstrated the presence of a

rather hydrophilic complex related to 68Ga-ECD while free
68Ga cation eluted at 3.54 min (scintillation detector) not

observed in the radiolabeled sample (Fig. 5).

Optimization studies for time, pH and temperature were

performed to obtain a short time radiolabeling procedure

due to the short half-life of 68Ga. The solution was stable at

room temperature up to 2 h post-formulation, allowing

performance of biological experiments.

Partition coefficient of [68Ga]-ECD

As expected from the chemical formula in Fig. 1, the

lipophilic 68Ga-ECD compound is also ionic due to Ga(III)

valence. The measured octanol/water partition coefficient,

P, for the complex was found to depend on the pH of the

solution. At the pH .7 the log P was 2.34.

Stability

The chemical stability of 68Ga-ECD was high enough to

perform further studies. Incubation of 68Ga-ECD in freshly

prepared human serum for 2 h at 37 �C showed no loss of
68Ga from the complex. The radiochemical purity of

complex remained[95 % for 2 h under physiologic

conditions.

Biodistribution

Biodistribution studies were performed for 68Ga-ECD and

free Ga3?. The %ID/g data for free Ga3? are summarized

in Fig. 6. As reported previously, 68Ga is excreted majorly

from gastrointestinal tract (GIT) with high blood content

due to transferrin binding at early time intervals, as well as

significant colon, bone and stomach activity content is

observed, kidney is not a significant accumulation site.

Gallium is a bioisoester of ferric ion in the biological

systems and mimics the Fe-III cation in most cases. Iron is

usually transferred in the serum in bond form to transferrin

and similar proteins. Lung is of the major reticuloendothelial

Fig. 3 ITLC chromatograms of
68GaCl3 solution in 10 %

ammonium acetate:methanol

(1:1) (left) on Silica gel sheets

and in 10 mM DTPA solution

(pH 4) on Whatman No. 1 Paper

(right)

Fig. 4 ITLC of 68Ga-ECD in 0.4 M sodium acetate:methanol (7:3)

mixture as mobile phase on Whatman No. 2 paper
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tissues which contain transferrin receptors also and the ac-

tivity is increased in this organ at some time intervals in-

cluding 60 min (Fig. 6).
68Ga-ECD is rapidly washed out from the blood into

metabolic organs including lung, and kidney, however liver

uptake is negligible, and the presence of esterase enzymes

among above mentioned organs can lead to the accumulation

of metabolites in these organs possibly leading to more water

soluble species with rapid excretion through the urinary tract.

As shown in Fig. 7, most of the activity is washed out

through kidneys due to possible cleavage of ECD complex

by hydrolases and or esterase enzymes and in 15 min post

injection the whole body activity is reduced.

Cardiac uptake is obvious in 1–2 min post injection

possibly due to the cationic nature of complexes as men-

tioned earlier, however the myocardium uptake diminished

drastically possibly by the metabolism or rapid wash-out.

Brain on the other hand shows less than 1 % accumu-

lation in 1–2 min possibly due to the cationic nature of the

complex not penetrating through the blood brain barrier in

the first place.

In order to better show the distribution of the tracer

among tissues another diagram excluding kidney uptake is

shown in Fig. 8.

Fig. 5 HPLC chromatograms

of 68Ga-ECD (right) and 68Ga-

cation (left) on a reversed phase

column using acetonitrile: water

40:60, up; UV chromatogram,

down; scintillation

chromatogram

Fig. 6 Percentage of injected dose per gram (%ID/g) of 68Ga cation

in mice tissues at 30–120 min post-injection

Fig. 7 Biodistribution of 68Ga-ECD (37 MBq, 100lCi) in wild-type

rats 15–120 min after iv injection via tail vein (%ID/g: percentage of

injected dose per gram of tissue calculated based on the area under

curve of 511 keV peak in gamma spectrum) (n = 5)

Fig. 8 Biodistribution of 68Ga-ECD (37 MBq, 100 lCi) in wild-type

rats 15–120 min after iv injection via tail vein excluding kidney

uptake (%ID/g: percentage of injected dose per gram of tissue

calculated based on the area under curve of 511 keV peak in gamma

spectrum) (n = 5)
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Lipophilic neutral 99mTc complexes of diamine dithiol

(DADT) ligands cross the brain-blood barrier [14]. 99mTc-

ECD a derivative of DADT family, had shown high brain

uptake in nonhuman primates [15] followed by in vivo ki-

netics and biodistribution results in normal human subjects

in 1989 [2]. It was demonstrated that some of the tracer was

excreted through the hepatobiliary system while lung uptake

and retention of 99mTc-ECD was negligible. These results

showed that 99mTc-ECD was rapidly extracted and retained

by the brain providing favorable conditions for single pho-

ton emission computed tomography imaging.

The retention of radioactive materials after the adminis-

tration of 99mTc-ECD is thought to be caused by enzymatic

trapping [16]. 99mTc-ECD is a small lipophilic molecule that

crosses the blood–brain barrier. It is hydrolyzed to 99mTc-

ethylcysteinate monomer (99mTc-ECM) in the brain, a pro-

cess that is mediated by enzymes. Aryl esterase and car-

boxyl esterase have been suggested to mediate the

hydrolysis in the monkey brain [17]. 99mTc-ECM is hy-

drophilic and does not permeate the blood–brain barrier.

The enzymatic hydrophilic conversion causes the retention

of radioactive materials in the brain for a long enough period

to acquire high-quality SPECT images. Although this phe-

nomenon is not fully observed in rodents and biodistribution

studies of this tracer in quality control process is recom-

mended to be done in less than 10 min [18].

On the other hand, gallium-N2S2 complexes [19–21], as

well as gallium-NS3 complexes [22], have been previously

reported. One unique feature of these Ga-complexes is that

they have cationic character (?1-charged) in aqueous

solution.

It was believed that the highly lipophilic cationic com-

plex was trapped in myocardial tissues similar to those in
99mTc-labeled myocardial imaging agents [99mTc

methoxyisobutylisonitrile (MIBI) and tetrafosamine].

Also, formerly a gallium bisaminoethanethiolate com-

plex has been developed as a potential imaging agent for

myocardial perfusion studies by PET [23]. Similar results

has been reported for [67Ga]-[APTSM2]? complex leading

to increase in the myocardium [24]. These complexes’

improved lipophilicity enhanced the first-pass extraction

and the retention of the ?1-charged cation in the my-

ocardium. Based on the well-known Ga- bis-amino ethane

thiolate complexes in the literature, a possible structure for
68Ga-ECD complex has been proposed as shown in Fig. 1.

PET/CT imaging of 68Ga-ECD in rats

As shown in Fig. 9, the only visible organs were the kid-

neys and bladder after 15 min. There was a significant
Fig. 9 PET MIP (maximum intensity projection) images of 68Ga-

ECD 15 min after injection of 3.7 MBq in a rat

Fig. 10 PET/CT fused images

of 68Ga-ECD in rat 15 min after

injection, show different levels

of accumulation of 68Ga-ECD in

kidneys, liver, and bladder
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uptake of 68Ga-ECD in kidneys with low levels of accu-

mulation in other organs. For quantitative uptake behavior,

maximum standard uptake values (SUVmax) ratios were

calculated for liver to kidney in all imaging studies.

On the other hand Fig. 10, demonstrates the fused PET/

Ct images of the animal 15 min post injection, the data is in

full accordance with the biodistribution data.

Conclusions

Development of 68Ga-ethyl cysteinate dimer (68Ga-ECD)

as a possible 68Ga tracer for cerebral blood flow was in-

tended in this work. 68Ga-ECD was prepared based on the

commercially available ECD kit at in 15 min at 90 �C
without further purification with high radiochemical purity

([99 % HPLC) and specific activity of 210 ± 5 GBq/mM.

The possible cationic-lipophilic complex based on partition

coefficient data showed high stability in presence of human

serum for 2 h at 37 �C. The biodistribution of the tracer

demonstrated significant cardiac, lung and kidney uptake

and very low brain uptake in 1–5 min. The tracer and/or its

metabolite(s) demonstrated high urinary excretion in

10–20 min as shown by tissue counting and PET/CT. It is

suggested that 68Ga-ECD could be a possible PET cardiac

tracer considering the fast kidney uptake and the short half

life of 68Ga suggest good candidate for imaging applica-

tions [68Ga]-PET studies in less than 5 min imaging.

Acknowledgments The authors wish to thank Ms. F. Bolourinovin

for performing chromatography tests as well as Dr. M. Erfani for

HPLC experiments.

References

1. Ordandi C, Crane PD, Plaus SH, Walovitch RC (1990) Regional

cerebral blood flow and distribution of 99mTc-ethyl cysteinate

dimer in non human primates. Stroke 21:1059–1063

2. Vallabhajosula S, Zimmerman RE, Picard M, Stritzke P, Mena I,

Hellman RS, Tikofsky RS, Stabin MG, Morgan RA, Goldsmith

SJ (1989) Technetium-99m ECD: a new brain imaging agent:

in vivo kinetics and biodistribution studies in normal human

subjects. J Nucl Med 30:599–604

3. Holman BL, Hellman RS, Goldsmith SJ, Mena IG, Leveille J,

Gherardi PG, Moretti JL, Bischof-Delaloye A, Hill TC, Rigo PM

(1989) Biodistribution, dosimetry and clinical evaluation of

technetium-99m-ethyl cysteinate dimer in normal subjects and in

patients with chronic cerebral infarction. J Nucl Med

30:1018–1023

4. Kimura N, Nakama H, Nakamura K, Aso Y, Kumamoto T (2012)

Effect of white matter lesions on brain perfusion in Alzheimer’s

disease. Dement Geriatr Cogn Disord 34:256–261

5. Krishnananthan R, Minoshima S, Lewis D (2007) Tc-99m ECD

neuro-SPECT and diffusion weighted MRI in the detection of the

anatomical extent of subacute stroke: a cautionary note regarding

reperfusion hyperemia. Clin Nucl Med 32:700–702

6. Nagafusa Y, Okamoto N, Sakamoto K, Yamashita F, Kawaguchi

A, Higuchi T, Matsuda H (2012) Assessment of cerebral blood

flow findings using 99mTc-ECD single-photon emission computed

tomography in patients diagnosed with major depressive disorder.

J Affect Disord 140:296–299

7. Mirzaei A, Jalilian AR, Aghanejad A, Mazidi M, Yousefnia H,

Gholamali Shabani G, Ardaneh K, Geramifar P, Beiki D (2015)

Preparation and evaluation of 68Ga-ECC as a PET renal imaging

agent. DOI, Nucl Med Mol Imaging. doi:10.1007/s13139-015-

0323-7

8. Firestone RB, Shirley VS, Baglin CM, Chu SYF, Zipkin J (1996,

1998, 1999) Table of isotopes, 8th edn. Wiley, New York; with

CD-ROM

9. DDEP Decay data evaluation project data (2008). http://www.

nucleide.org/DDEP_WG/DDEPdata.htm

10. Saha GB, MacIntyre WJ, Go RT (1994) Radiopharmaceuticals

for brain imaging. Semin Nucl Med 24:324–349

11. Blondeau P, Berse C, Gracel D (1967) Dimerization of an in-

termediate during the sodium in liquid ammonia reduction of

L-thiazolidine-4-carboxylic acid. Can J Chem 45:49–52

12. Chakravarty R, Chakraborty S, Ram R, Dash A, Pillai MRA

(2013) Long-term evaluation of ‘BARC 68Ge/68Ga generator’

based on the nanoceria-polyacrylonitrile composite Sorbent.

Cancer Biother Radiopharm 28:631–637

13. Jalilian AR, Rowshanfarzad P, Sabet M, Novinrooz A, Raisali G

(2005) Preparation of [66Ga]bleomycin complex as a possible

PET radiopharmaceutical. J Radioanal Nucl Chem 264:617

14. Volkert WA, Hoffman TJ, Seger RM, Troutner DE, Holmes RA

(1984) 99mTc-propyleneamine oxime (99mTc-PnAO); a potential

brain radiopharmaceutical. Eur J Nucl Med 9:511–516

15. Walovitch RC, Williams SJ, Morgan RA, Garrity ST, Cheesman

EH (1988) Pharmacological characterization of Tc-99m ECD in

non-human primates as a new agent for brain perfusion imaging.

J Nucl Med 29:788

16. Walovitch RC, Franceschi M, Picard M et al (1991) Metabolism

of 99mTc-L, L-ethyl cysteinate dimer in healthy volunteers.

Neuropharmacology 30:283–292

17. Inoue Y, Momose T, Ohtake T et al (1997) Metabolism of

technetium-99m-L,L-ethyl cysteinate dimer in rat and cynomol-

gus monkey tissue. J Nucl Med 38:1731–1737

18. http://www.parsisotope.com/pages/?action=download&dl=20140

922103143

19. Francesconi LC, Liu BL, Billings JJ, Carroll PJ, Graczyk G,

Kung HF (1991) Synthesis, characterization and solid state

structure of a neutral gallium(III) amino thiolate complex: a

potential radiopharmaceutical for PET imaging. J Chem Soc

Chem Commun 2:94–95

20. Zheng YY, Saluja S, Yap GP, Blumenstein M, Rheingold AL,

Francesconi LC (1996) Gallium and indium complexes of

bis(amino thiol) (N(2)S(2)) ligands. Inorg Chem 35:6656–6666

21. Kung HF, Liu BL, Mankoff D, Kung MP, Billings JJ, Frances-

coni LC et al (1990) A new myocardial imaging agent: synthesis,

characterization, and biodistribution of gallium-68-BAT-TECH.

J Nucl Med 31:1635–1640

22. Cutler CS, Giron MC, Reichert DE, Snyder AZ, Herrero P, An-

derson CJ et al (1999) Evaluation of gallium-68 tris(2-mercap-

tobenzyl)amine: a complex with brain and myocardial uptake.

Nucl Med Biol 26:305–316
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