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Gallium-68 Chemistry for Labeling 
Platelets, Proteins and Lipoproteins 
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K. Brennan, B. R. Moyer, and A. Nichols 
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Presented in part at the 5th International Symposium of Radiopharmaceutical 
Chemistry, Tokyo, Japan, July 9-13, 1984. 

ABSTRACT 

G~nerator produced gallium-68 is a convenient useful radionuclide for positron 
emission tomography {PET) investigations. Gallium-68 labeled platelets and low 
density lipoproteins would be useful agents for PET studies of thrombosis and 
atherosclerosis in cardiovascular disease. To label these agents with Ga-68, 
we have studied the effects of trace metal contaminants in 1 N HCl. elutions of, 
Ga-68 from germanium-68 adsorbed on a stannic oxide column. Studies were 
conducted on the formation and characteristics of Ga-68 complexes with the 
ligands 8-hydroxyquinoline, tropolone, and mercaptopyridine-N-oxide (MPO). 
Various parameter~ such as pH, buffers, concentration of ligand, and incubation 
or stability with time were investigated. High performance liquid 
chromatography and instant thin layer chromatography were used to analyze the 
Ga-68 ligand preparations. 

Platelets separated from human, dog, and rabbit plasma we~e incubated. with 
the Ga-68 complexes and the labeling yields and in vivo survival were ~ 
determined. The accumulation of the platelets in the ballon·catheter scraped 
aorta of the rabbit was determined by PET imaging studies, tissue counting in a 
gamma well counter, and en-face autoradiography of the arterial wall. 

The Ga-68 complexes of MPO gave 40-60% labeling efficiency of ·rabbit_. 
platelets which accumulated about fourfold more in the damaged aorta compared 
to the normal. 

Gallium-68 was attached to low density lipoproteins (LDL) with the 
bifunctional chelate of DTPA. Low pressure gel column chromatograpy and HPLC 
were used to preparatively separate and analyze the Ga-68 LDL for uptake 
studies in the healing endothelium of the scraped aorta rabbit model. The 
Ga~68 LDL labeling yield was 80-85% with a radiochemicaJ purity 90~95%. 
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INTRODUCTION 

The 68 min positron emitter Ga-68 is readily obtained as ionic Ga+3 by 
elution with 1 N HCL from the 275 day half~life germanium-68 parent isotope 

adsorbed onto a stannic oxide column (1,2). Because trace metals in the Ga-68 
eluate compete with the carrier-free Ga-68 for the complexing ligand, organic 
solvent extraction and anion exchange resin separations are necessary to 

decrease the concentration of trace metals (3,4). 
Since Ga+3 is readily hydrolyzed even in pH ~-4 aqueous solution, a weakly 

complexing acetate or citrate buffer is added to the Ga-68 in 0.01 N HCL 

solution prior to ligand addition and pH adjustment to 6-7 to prevent the 

formation of Ga(OH) 3• 
Thakur and Welch used 8-hydroxyquinoline (oxine) for labeling blood cells 

and platelets with Ga-68 and In-111 (5). Subsequently Thakur investigated the 
use of mercaptopyridtne-N-oxide as the complexing ligand for In-111 (6). 
Dewanjee used tropolone to label platelets, neutrophils, and leuk.ocytes with 
In-111 which has chemical properties similar to Ga-68 (7). 

In this study the formation of the Ga-68 complex was determined by ITLC and 
' HPLC and added to separated platelets. After incubation the Ga-68 labelled 

platelets were separated by centrifugation, washed with saline, and injected 
·into the rabbit model. The uptake of the Ga-68 platelets in the normal and 
freshly scraped aorta was determined by PET imaging and by direct counting of 
the bl~od vessels in a Nai(T1) well counter. 

The cyclic anhydride of DTPA was conjugated to low density lipoprotein 
(LDL) by the methods of Eckelman and Hnatowich (8,9). Ga-68 was chelated by 

the DTPA moiety, which was itself covalently bou~d to an amino group of the LDL 
protein.· The LDL was obtained from human plasma by the ultracentrifugation 
method of Nichols et al. (10). The LDL-DTPA conjugate and the Ga-68 DTPA-LDL 

·were separated by ge-l column chromatography and HPLC (11). Ga-68 LDL was 
injected into the scraped aorta rabbit model to measure the accumulation of the 
labeled LDL in the healing endothelium 20-30days post injury. The scraped aorta 

provides a convenient model of atherosclerotic lesions (12). 
Endothelial injury and thrombosis are involved in the development of both 

the early and advanced lesions of atherosclerosis and in thromboembolic 
complications of atherosclerosis (13). Endothelial injury may be brought about 
by blood-borne factors and by effects of blood flow which affects the vessel 
wall and the endothelium. Blood-borne factors are serum·lipids (particularly 
LDL), high concentrations of .abnormal metabolites such as homocysteine, 
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antigen-antibody complexes, catecholamines, bacteria and viruses. It is well 

known that platelet deposition occurs at the injury sites on the arterial wall 
and that LDL is taken up by specific cells via a receptor mediated process 

(14). Thus, the radiolabeling of platelets and LDL with Ga-68 may permit the 

imaging of their accumulation with high resolution positron emission tomography 
for the evaluation of vascular lesions (15) • 

MATERIALS AND METHODS 

A 25 mCi Ge-68/Ga-68 generator (New England Nuclear) was used over a period 
of nearly two years for these studies. The cummulative elution yield of Ga-68 

was 2.3 Ci for 250 separate elutions with a total volume of 1500 ml of 1 N HCl 
eluent. The elution yield of Ga-68 per 2.5 ml of eluent was 75-85% of the 
maximum and the breakthrough of Ge-68 was 10-4%. The breakthrough of the Sn 
adsorber was <1 ppm. Reagent grade chemicals (Sigma, Aldrich) were used for 
these studies. In addition the hydrocloric acid was purified by an anion 
exchange resin column (Bio Rad AG 1X8, 100-200 mesh). All glassware used in 
these experiments was acid washed and rinsed thoroughly with deionized water. 
Other trace metals in the eluate were reduced in concencentration by ether 
extraction fro~ a 6 N HCl solution of GaC1 4- using a MIXXOR™ liquid-extractor. 
The ether phase was co,.lected and evaporated to dryness under a filtered 
nitrogen stream and in a warm water bath. The Ga-68 was reconstituted in 0.5 
ml of 0.01 N HCl and 300-500 pl of 0.5 M sodium acetate was added to raise the 

pH to about 5.0. The complexing ligands used in these studies were 
8-hydroxquinoline (oxine), tropolone (Tro), and mercaptopyridine-N-oxide (MPO) 
Fig. 1. The oxine was prepared in ethanol at a concentration of 1 mg/ml. The 
tropolone and sodium-salt of MPO were prepared in water at the same 
concentration as oxi ne. Twenty to four hundred pl of the 1 i gand were added to. 
the Ga-68 acetate solution and the pH adjusted to 6.5-7.5 with dilute NaOH; 
Analysis: In this study the formation of Ga-68 complexes was quantitatively 
determined by ITLC for oxine and tropolone. Gelman SG ITLC strips were used as 
the support medium and Me0H:CHC1 3 (5:95) was the developing solvent. The Ga-68 
MPO was analyzed by HPLC using a C-18 reverse phase column and CH 30H:H2o 
(25:75) in 10 mM citrate at pH 3.5 as the solvent at a flow rate of 1-2 ml/min. 
Both 254 nm UV and gamma radioactivity detectors were used with an integrating 
chart recorder to quantify the Ga-68 ligand formation. 
Platelet Preparation: The platelets used in these studies were obtained from 
35-45ml of human, dog, or rabbit blood that was collecte~ in Squibb modified 
acid citrate dextrose (ACD) solution in a plastic tube {later modified to low 
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volume plastic bag). The capped tube was centrifuged at 170-200g for 15 min 

and the platelet rich plasma (PRP) was transferred with a plastic pipet into a 
plastit tube and centrifuged at 700-1100g for 15 min. The platelet poor plasma 
was removed and the pl~telet button was re~uspended in 2.0-.3.0 ml of normal 
saline at pH 6.5-7.5, recentrifuged and resuspended in saline. The Ga-68 MPO 
was added to the platelet suspension and incubated at room temperature for 15 
min. The Ga-68 platelets were again centrifuged for 15 min, the supernatant 

removed, and the :·adioactivity in the platelet button and the supernatant wa!i 
measured by a Capintec dose calibrator. A second resuspension in saline was 

followed by a centrifugation and separation of the platelet qutton to measure 
the amount of 1 abil e Ga-68. The. plate 1 ets were resuspended in 4-5ml of norma 1 

saline for administration to the animal model. 
low Density Liproprotein Preparation: The preparation of the labeled LDL is 
shown in the flow diagram in.Fig. 2. Human LDL was isolated from a freshly 
drawn unit of blood containing 0.5% EDTA a~ an anticoagulant. The plasma 
fraction was separated by centrifugation (1200g at 4°C) and peni~illin 

streptomycin and ethylmercurisalicylic acid were added, and the LDL was 
separated from the plasma by ultracentrifugation (40,000g Beckman 40.3 rotor). 

1 The isolated LDL was stored under nitrogen at 5°C • 

. Tbe cyclic anhydride of DTPA was prepared by the method of Hnatowi ch (19) • 
. An. excess of acetic anhydride in pyridine was added to DTPA and heated at 65°C. 
The precipitate was collected, washed, dried, and analyzed by NMR spectroscopy 
and elemental analysis. The results for elemental analysis were: C calc. 
46.1, found 46.1, found 46.8, H calc. 5.32, found 5.21, N calc. 11.9, found 
11.8 and 0 calc. 35.8 found 36.2. The melting point (178-183°C) is within the 

-
published range. The coupling of the cyclic anhydride of DTPA to LDL was 
carried out by adding 0.1 mg of DTPA anhydride in 1 ml of dry CHC1 3 to 0.5 ml 
of LDL solution (10-14 mg/ml) and adjusting the pH to 7.0 with 0.5 M phosphate 
buffer.· 

The conjugated DTPA-LDL was purified by passage through a Sephadex G-50 gel 

column using 0.01 M Na 2HP04, 0.9% NaCl buffer at pH 7.4 as the eluent. 
Fractions of 0.5 ml volume were collected and assayed by U.V. (214 nm). The 
fraction with the highest concentration of the conjugated DTPA-LDL was used for 

labeling with Ga-68 acetate. The radiochemical purity of the LDL-Ga-68 was 
determined by HPLC using a BioGel TSK 50 column (7.5x300mm) and O.OlM 

Na 2HP04,0.9% NaCl at pH 7.4 as the eluent. 
Animal Model Studies: New Zealand white rabbits wei~hing 3-4 kg were used 

in these studies. The scraped aorta rabbit models were prepared about 10-20 

.. 
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min before intravenous injection of the Ga-68 labeled platelets. An 

embolectomy catheter was introduced intrafemorally and pushed cranially to the 

aortic.arch. The bulb was inflated and the aorta was scraped 3 times before 
the catheter was removed. 
In later studies the Ga-68 labeled platelets were injected prior to scraping 
the aorta to minimi;--:e the uptake of non-radioactivity platelets on the exposed 

~ media layer. 
The Ga-68 plate)ets were administered intravenously and whole body PET 

images were obtaineG with the 280 BGO detector positron tomograph (16). A 10 
.mm detector half gap was used with a 30 sec data accumulation time at each 10 

mm bed position. A total imaging time of 20-30 min was required for each whole 
body scan. After imaging the aorta and vena cava in the cross-sectional mode, 
the animals were sacrificed and the per cent uptake of the injected tracer was 
determined for selected tissues as well as for the normal and scraped aorta by 
counting the various samples in a Nai(T1) well counter. One rabbit had enface 
autoradiography of the aorta wall demonstrating the regional uptake of the 
labeled platelets on the exposed media .smooth muscles layer. Normally intimal 
endqthelium protects the medial layer from platelet adherence and 
~egranulation. The removal of the endothelial layer from the vessel wall was 
confirmed by injection of Evans blue dye thirty minutes prior to the sacrifice 
(17). 

Similar studies were done with rabbits and Ga-68 OTPA-LOL with the 

exception of waiting 20-30 days after scraping the aorta before injection of 
the Ga-68 LDL. This was to ensure that the endothelium was in the healing 
phase \'thich is known_ to have the highest affinity for radioiodinated LOL (12). 
Both PET imaging and tissue counting studies were done in these studies at 
2-3hr after t.v. administration of the tracer compound. 
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RESULTS AND DISCUSSION 
The presence and removal of trace metals in the Ga-68 eluates from the Sno2 

column before and after ether extraction are shown in Table I. There was 
nearly a ten~old reduction in the concentration of some metals such as Al, Ca, 
Cu~ Fe, Mg, and Zn. 

The removal of trace metals by an anion exchange resin (Bio Rad AG1 X 8, 
100-200 mesh) column clean-up of reagent grade hydrochloric acid is shown in 
Table II. There wa~ a 5-10 fold reduction in Ca, Cu, Fe, and Zn. These 
results indicate thnt both anion exchange resin and ether extraction are 

effective methods of minimtzing the competition for· the ligand by trace meta:l 
contaminants. In an experiment similar to that of McElvany, et al. (3), we 

compared the formation of Ga-68 EDTA for the direct column eluate and the ether 
extracted Ga-68 for various concentrations of EDTA, Fig. 3. For concentrations 
of EDTA < 0.30 mg/2.5ml there was < 10% Ga-68 EDTA formation for the direct 
column eluate while for the ether extracted Ga-68 there was > 98% formation of 
Ga-68 EDTA for 0.08 mg EDTA/2.5ml. Clearly the removal of trace m~tal 
contaminants enhanced the formation of the Ga-68 chelate. 

The known binding constants for In-111 and its congener Ga-68 with oxine 
are given in Fig. 1. It can be seen that for oxine the binding affinity is 
less by_ an order of magnitude for In-111 as compared to Ga-68. This difference 
might account for the higher labeling yields of platelets with In-111 as 
compared to Ga-68. It has been shown with H-3 labeled exine and In-111 labeled 
platelets and neutrophils that the In-111 exine complex diffuses freely across 
the cell membrane and into the cytoplasm. The complex dissociates, In-111 
binds to a cytoplasmic protein and is retained within the cell while the oxine 
diffuses back across the cell membrane (18,19). In the case of Ga-68 oxine, 
the more strongly bound Ga-68 exine complex can diffuse out of the cell prior 
to dissociation, and Ga-68 will not be trapped within the cell cytoplasm to the 
same extent as In-111. 

Initial evaluation of Ga-68 oxine formation was by extraction into 
dichloromethane from a pH 6.5 aqueous solution of Ga-68 exine prepared from 1 N 
HCl eluates. The per cent extraction of Ga-68 oxine as a function of exine 
concentration and volume of Ga-68 generator eluate is shown in Fig. 4. With 50 
~1 (50 ~g) of oxine there was about 96% extraction of Ga-68 oxine when 0.3 ml 
of 1 N HCl eluate was used; however the extraction decreases to about 75% when 
0.7 ml of eluate is used. Conversely > 95% extraction of Ga-68 oxine is 
obtained when 100 ~g or more of oxine is used with up to 1~0 ml of eluate. 
These results indicate that at low concentration of oxine there is competition 

• 
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for the ligand by trace metals from increasing volumes of Ga-68 generat9r 

eluate. 
In subsequent experiments, an ITLC method was used to determine the 

formation of Ga~68 oxine and tropolone as shown in Fig. 5. Also shown i~ the 
formation of Ga-68 MPO as determined by HPLC. These chromatograms were 
quantified by an integrating strip chart recorder connected to the output from 

the radioactive detector (RAD) from the HPLC or the RAD from the ITLC 
chromatogram scanner. Using the ITLC method for analysis, the stability of 
Ga-68 oxine to dilution volume and time after preparation (shelf life) are 

.shown in Fig. 6. A standard preparation with 100 pg exine and 0.5 ml of Ga~~a 

eluate was used to study the effects of time and.dilution. The Ga-68 oxine was 
relatively stable for up to 30 min after preparation and stable to dilution up 
to 5 ml of volume. 

Further studies were done to determine the optimum concentrations of Tro 
and MPO that gave > 90% formation of the Ga-68 complex. The flow diagram for 
the procedure and the HPLC analysis of Ga-68 MPO are seen in Fig. 7. The 
results of the Ga-68 platelet labeling studies are shown in Table III. In all 
cas~s the formation of the Ga-68 ligand complex was determined to be > 90% 
before attempting to label the platelets. Ga-68 exine gave variable results in 
platelet labeling using human, dog, and rabbit platelets (1 x 109 - 1 x 1010 ) 
suspended in ACD - saline, saline alone or platelet poor plasma. About 26-84% 
of the Ga-68 was labeled to the platelets with about 50% of the Ga-68 label 
being washed from the platelets in the first saline wash. There was ·13-42% of 
the initial Ga-68 activity labeled to the platelets at the time· of 
administration to the rabbit. 

Ga-68 Tro did not label the dog platelets sufficiently to allow in vivo 
studies. 

With Ga-68 MPO there was a more reproducible labeling yield of 43-63% with 
~ both human and rabbit· platelets. Also, the first saline wash of the labeled 

platelets resulted in only a 10-20% loss of radioactivity indicating a more 
firmly bound (intra-cellular) label than with Ga-68 oxine. The platelets 
labeled with Ga-68 MPO were injected intravenously into normal and scraped 
aorta rabbit models to give the PET images in Fig. 8. The location of the 
aorta and vena cava was established by dynamic positron imaging at 2.5 sec 
intervals which showed initial filling of the aorta and then the filling of the 
vena cava. There was greater accumulation of Ga-68 platelets in the damaged 
descending aorta compared to the normal. ln the cross-sectional view the Ga-68 
platelet actiyity can be seen in the aorta and vena cava. Sequential imaging 
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of 5 min each were obtained up to 2 hours after injection of the Ga-68 

platelets. The percent uptake of the Ga-68 platelets in selected organs ~nd 

aorta is seen in Table IV. The spleen has the greatest concentration of the 

Ga-68 platelets. There was nearly four times (3.7) more uptake in the damaged 
endothelium of the aorta compared to the normal. The damaged aorta had about 4 
times the uptake of Evans blue dye and radio-activity as dete;mined by 
autoradiography and densitometer measurements Fig. 9. 

Further studies are underway with Ga-67 labeled platelets to determine the 
biological viability of the labeled platelets by survival times (labeled 

platelet recovery) and aggregation to AOP or collagen stimulation. 
The results of the Ga-68 bifunctional chelate labeling of LOL are seen in 

Fig. 10 which shows the H~LC analysis of the Ga-68 OTPA-LOL •. Studies are also 
being conducted with LOL and Ga-67. The 3.2 day half-life of Ga-67 will permit 
analysis by electrophoresis and cell binding studies to fibroblasts to 
determine the physico-chemica 1 state and bi o 1 ogi ca 1 viability of LOL to 
labeling with ~a-68 by the bifunctional chelate method. In addition 
radioiodinated LDL will be used as a control for the stability of LDL to 
radiolabeling with metal radionuclides. 

1 
These early studies indicate some promise for positron emitter labeled 

platelets and LDL. A new high resolution {2-3mm) PET system now under 
development may be helpful in studying discrete cardiovascular lesions with 
these imaging agents. Dual radioisotope studies with I-125 and Ga-68 LDL will 

·be useful in determining LDL accumulation on intact and de-endothelialized 

aorta in rabbits perfused in situ (20). 
It may be necessary to subtract a blood activity to visualize and quantify 

the platelet accumulation in the atherosclerotic lesions (21). If this is the 
case, a convenient blood volume agent would· be I-122 labeled serum albumin. 
The I-122 isotope is generator produced and the 122I albumin would be used to 
determine the blood voJume in the aorta and to substract the blood platelet 
radioactivity so that the net platelet activity accumulating in the endothelium 
of the aorta could be det~rmined (22). 
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Figure legend: 

1. ligands for Ga-68 complex formation. 
2. Preparation and labeling of DTPA~coupled human low density lipoprotein. 

3. Ga-68 EDTA formation. Ga-68 from either direct Sn02 column eluate or ether 
extracted. 

4. Ga-68 oxine extraction into CH2c1 2 as a function of oxine concentration and 
Ga-68 eluate vrlume. 

5. ITlC and HPLC analysis of Ga-68 oxine, Ga-68 tropolone, and Ga-68 
mercaptopyridine-N-oxide formation. The Ga-68 MPO HPLC analysis was at 
flow rate of 2 ml/min. The retention volume is 3.38 ml for ionic Ga and 
7.68 ml for Ga-MPO. 

6. Ga-68 oxine stability, effect of dilution volume and time after 
preparation. 

7. Fig. 8 (top) Flow diagram of Ga-68 MPO formation, platelet separation and 
Ga-68 platel~t labeling. Fig. 8 {bottom) HPLC arialysis of Ga-68 MPO with 
UV and radioactivity detector. The radioactive peak (solid line) retention . 
time is slightly delayed from UV peak (broken line) because of'the tubing 
volume from UV to radioactive detector; with this correction the retention 
.time for UV and radioactivity coincide. 

S. Ga-68 platelet imaging in scraped aorta rabbit model with a whole body 
positron emission tomograph. 

9. Fig. 9. scraped and normal aorta showing Evans Blue staining and 
radioactivity by autoradiography and densitometer measurements. 

10. HPLC analysis of Ga-68 LDL-OTPA by gel permeation chromatography with UV 
and radioactive detector. The delay in the radioactive peak from the UV 
peak is caused by the extra tubing volume from UV to Nai {Tl) detector. 

Tables 
I. Trace metals in direct column eluate and ether extracted Ga-68 from a 

Sn02 Ge-68 generaior. 
II. Trace metals in reagent grade and anion exchange resin column purified 

HCl eluent and eluate of Ga-68. 
III.Gallium-68 platelet labeling studies. 
IV. Uptake of Ga~68 labeled platelets in scraped aorta and normal rabbits. 
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Table I 

Trace Metals, J.!Q/1 00 J.!l, In 68Ga Elutions, 
1.0N HCI, Sn02. Column 

Element Sample Ia . Sample lb 

AI 0.1 <0.01 

Ca 0.3 0.05 

Cu 0.5 0.01 

Fe 0.1 <0.01 

Mg 0.1 0.05 

Zn 3.0 <0.1 

· a. 68Ga eluate 

b. Ether extracted 68Ga. 
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Table II 

Trace Metals, J-LQ/1 00 J-L 1 , In 
68Ga Elutions, 1.0 N HCI, Sn02 Column 

Element 

AI 

-+Ca 

Cr 

-+Cu 

-+Fe 

-+Mg 

Sn 

-+Zn 

A 

0.02 

0.03 

<.01 

<.01 

<.01 

0.01 

<.1 

<.1 

Samples 

B 

0.02 

0.3 

<.01• 

0.1 

0.02 

0.03 

<.1 

0.2 

. #3 

0.02 

0.3 

<.C1 

0.1 

0.05 

0.03 

<.1 

0.2 

A. HCI- purified on AG1X8 - less Fe, Mg, Cu, Zn 
B. HCI reagent grade 
3. 68Ga Elution with solvent 8 

#6 

0.02 

0.05 

<.01 

<.01 

<.01 

0.02 

<.1 

<.1 

6. 68Ga Elution with solvent A less Ca, Cu. Fe, Zn 
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TABLE III 

Gallium-68 Platelet Labeling 

After 
Ga-68 Ligand Platelets* Initial Saline 

Pure Vol(ml) Type Conc.(~g) Type Cone. X 109 Media Label(%) Wash(%) Buffer pH 

EE t 0.5/6.0 oxine 200 rab 1.0 ACD:Sal 26 19 AC 6.8 
EE 0.5/6.0 oxine 400 rab 1.9 ACD:Sal 84. 50 AC 6.8 
EE 0.5/6.0 oxine 400 rab 3.9 ACD:Sal 59 32 AC 6.8 
EE 0.5/6.0 oxine 400 rab 1.9 . ACD:Sal 42 23 AC 7.0 
EE 0.5/6.0 · oxine 200 hum 9.3 ACD:Sal 42 31 AC 7.0 
EE 0.5/6.0 oxine 200 hum 9.3 PPP 19 6 AC 7.0 
AG1 X8 0.5 oxine 100 dog -- ACD:Sal 10 -- OH 6.5 

. EE 0.5/6.0 Tro 40 dog -- ACD:Sal 5 -- OH 7.4 
EE 0.5/6.0 Tro 20 dog -- ACD:Sal 12 -- OH- 7.4 · 
EE 0.5/6.0 Tro 60 dog -- ACD:Sal 10 3 OH 7.4 
EE 0.5/6.0 MPO 200 hum 2.3 Saline 63 56 OH- 7.0 
EE 0.5/6.0 MPO 200 hum 2.3 PPP 43 38 OH- 7.0 
EE 2.0 MPO 400 rab .. 6.5 Sal, 45 35 AC 7.0 
Ei: 2.0 MPO 400 rab 4.8 Sal 43 34 AC 7.0 

EE 2.0 MPO 400 rab 12.3 Sal 49 43 AC 7.0 

•Incubation 25-37°C, 15 min. 
TEE - Ether extraction 



RABBIT #1 

RABBIT #2 

RABBIT #3 

RABBil #4 

RABBIT #5 

AORTA 
SCRAPED 

WHEN? 

20 minutes 
BEFORE lnj 

Immediately 

BEFORE lnj 

Immediately 

AFTER lnj 

Immediately 
AFTER lnj 

Control 
NOT Scraped 
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' TABLE IV 

UPTAKE OF Ga-68 PLAT.EL.ETS 
%Injected /Gram · 

Dose / Tissue 

CAROTID PROXIMAL DISTAL 
SPLEEN KIDNEY l 

ARTERIES AORTA AORTA HEART LUNG. CORTEX 

0.03 0.03 0.11 4.65 0.06 0.13 

0.05 0.05 0.22 1.. 8 9 0.07 0.50 0.10 

0.02 0.09 ·4.88 10.24 0.11 0.44 0.10 

0.02 0.04 0.13 3.02 0.03 0.31 0.05 

0.04 0.04 0.06 6.06 0.14 1. 3 0 0.08 
----- -------------- - --- -------

AVERAGE UPTAKE RATIO 
••scraped distal aorta 

Normal proximal aorta 
= 3.77 

LIVER 
.. 

0.23 

0.21 

0.28 

0.33 

0.28 

• Distal aorta on Rabbit #3 was· VERY damaged ••ooes NOT include distal aorta from Rabbit #3 

~ ~ ,, 
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Figure 1 

Ligands for Ga-68 Complex Formation 

OH 

co 
Oxine . 

0 

t 
(~SH 

v 
Mercaptopyridine 

N-oxide 

Q 
HO 

Tropolone 

(a) Ga+3 

(b) ln+3 

Log Stability Constant 

K1 ~ IS 
14.5 13.5 12.5 

12.0 11.9 11.5 

(a) L Sillen, A. Martell, Stability Constants of Metal lon Complexes, #25, 1971. 
(b) C.J. Mathias, W.A. Heaton, M.J. Welch Inti. J. Appl. 
- Radiat. lsot. -32, 651, 1981. 

XBL 846-716~ 
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Preparation and Labeling of DTPA-coupled 
Human Low-density Lipoproteins 

A. Isolation of hLDL(1) 

Fresh human blood 
(0.1% EDTA, S°C) 

Centrifuge 
1200 rpm, S°C, 25 min. 

R.B.C. Plasma(•) 

I. Density: <1.019 
Ultracentrifuge 
40K rpm, S°C, 18 hr 

II. Density: 1.019-1.063 
Ultracentrifuge 
40K rpm, soc, 24 hr 

I. II. 

hVLOL hLDL(a) 
+ (Nitrogen, S°C) 

hiDL 

B. Synthesis of DTPA Anhydride<2) 

0 0 
H~CH2', . yH2CCOH .....-CH

2
gOH 

NCH2CH2NCH2CH2N 
HOCCH2_,. 'CH2COH 

II II 
0 0 

DTPA 
I 

I. Acetic anhydride/pyridine 
mix well, 6S°C, 24 hr 

I 
11. Filter, wash (acetic anhydride/ether), 

dry (S0-60°C) 

I 

DTPA Anhydride(b) 

<•}Contains EDT A, Merthiolate, Penicillin/Streptomycin as preservatives 
(b)yerified by melting point and NMR; store in dessicator 
(1) Nichols, A.V., Gong, E.L., Blanche, P.J., Forte, T.M. and Shore, V.G., 

Biochim. Biophys. Acta, 793, 325-337 (1984). 
(2) Hnatowich, D.J., Layne, W.W. and Childs, R.L., Int. J. Appl. Radiat. 

lsot., 33, 327-332 (1982). X8l84&7153 

Preparation and Labeling of DTPA-coupled 
Human Low-density Lipoproteins (cont.'d) 

C. Coupling of DTPA to hLDL 

hLDL soln. (7 p.g/0.5 ml) 
I. Adjust to pH 7 with 

0.5 M phosphate buffer, pH 6.5 

II. Add to 50-100 p.g DTPA anhydride 
and incubate for 5 min., 2S°C 

Ill. Sephadex G-SO (1 em X 10 em) 
0.01 M Na2HP04, 0.9% NaCI, pH 7.4 

I 
Free DTPA 
(remains on 

column) 

I 
I 

hLDL-DTPA(a) 
(0.5 ml) 

!1 ml Ga-68(0Ac)3 
incubate, 1 min., 25°C 

hLDL-OTPA(Ga-68)<•) 

D. Purification of Gallium-68 

Extraction Apparatus(b) 
2 ml Ga-68CI3, 1 N HCI 

eluate (generator) 
2 ml 12 N HCI, resin 

purified 
4 ml diethyl ether 

Ethereal 
(Ga-68CI3) 

I 
I. Evaporate/N2 

I 

II. 0.01 N HCI (0.5 ml), pH 2 

Ill. 1 N NaOAc (O.S ml), pH 8 

+ 
Ga-68(0Ac)3 

I 
Aqueous 

(trace metal 
Impurities) 

1
Analyzed by HPLC: BioGel TSK 50 (7.5 mm X 300 mm); 0.01 M Na

2
HP0

4
, 0.9% NaCI, pH 7.4 

Ohno, Y., Okazaki, M.and Hera, 1., J. Biochem. 89, 1675-1680 (1981). 
~IXXOR liquid-liquid extraction system 

XBL 84&7154 
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Figure 3 

68Ga- EDTA formation from Sn02 68Ga+3 

--o-- Ether extract 
......- Column eluate 

0o 0.30 0.60 0.90 1.20 1.50 1.80 2.10 

EDTA /2.5 ml (mg) 

XBL 846-7141 
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Figure 4 

,. , . 
\ 

\ 
\ 

\ .... ....... ....... 

-·•- 50Aoxine 
--o-~ IOOA 
-a- 150A 
--~:z- 200A 

.... 

• Control ( 68Ga only) 

• 
0.2 0.4 0.6 0.8 1.0 1.2 1.4 

Voi. 68Ga Cl 3 , 1-N HCI (ml) 

XBL846-7142 
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Figure 5 

68Ga-oxine, 1 00 J.LQ, pH 7 · 
ITLC (SG) 
CH30H: CH3 Cl (5:95) 

68Ga-control Ga-OX 

0 S.F. 0 S~F. 

68Ga-Tropolone 100 f.L9 pH 6~6 
ITLC (SG) : CH30H : CH Cl

3 
(t99) . 

Ga+3 

S.F. 0 S.F. 

68Ga-mercaptopyridine-oxide · (MPO) 
HPLC: C18 Column 
CH30H:H20 (25:75), 10mM Citrate 
Flow rate 2 ml min-1 

·68Ga-control 68Ga-MPO 

Rv3.38 ml inj Rv 7.68 ml 

XBL 846-7157 A 
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Fi ~ure 6 

68Ga-oxine stability to dil.ution volume and time 
Shelf life-time (min) 

I 0 2 0 3 0 40 50 60 

• 
•-Time study 

a-Dilution study 

"'-.. 

2.0. 

2 4 6 8 10 12 

Dilution volume (ml) 

XBL841•7546 
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A. Preparatoon of Ga-68 MPO 

Ga68 (1N HCI) 
I 

Ether extraction (via 6N HCI) 
I 

Aeconst1tute 1n 0 5 ml of 0 01 N ~CI (pH "" 2) 
I 

Add 100-500.>., 0 .5 M to pH 4-5.5 CH3coo· buller 
I 

Add 300.>.-400.>. MPO (lmg/ml) 

j stlf adJuSt pH to 7.0 (acid/base) 

Ga68-MP0 HPLC analySIS 
I 

Ga68-MPO (:i> 90%) 
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Fig. 7 

Preparation of Labeling of Platelets 
with Gallium-68 MPO 

B. Platelet Preparation 

WhOle blood + ACD (ant1coagulan1) 
Add saline (pH 7. 0) 

l centnfuge (200g. 200 m1n) 

Pool PRP 

l centrifuge (1100g: 20 min) 

Platelet button 

I saline (pH 7.0) wash 
centnfuge (1100g, 20 min) 

Platelet button 

C. Platelet Labeling 

Acid Ga68 MPO (A) to platelet butlon (B) 
Incubate in 2-3 ml saline 15 m1n. ilt 
Add saline (pH 7 0) to 1 0 ml 

I centnfuge (11 OOg. 20 mn) 

Ga-68 MPO - platelet button 

I saline (pH 7.0) wash 

Ga-68 platelet button 
ResuspenJ (normal saline) 

/\ 
Standards Inject 1nto recip1ent 

I 
1 hr., 2 hr., 3 hr. 
platelets survival study 

I 
Imaging (PET) 

Ga68 - Mercaptopyridine~m(ide (MPO) 

Rt 
7.28 

68Ga-MPO 

1---- - _____,l'l,l 
Void 

Volume ·1 
1--' -, ( _,.. 

Rt 2.5 
I 
I 
I 
I 

MPO I 
Peak I 

(UV; 254 nm) I 

Ga-68 
Rt 

3.27 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,, 
Ll 

inj ~t----""" 

Rt 53 

HPLC C18 Column 
CH30H: H20 (25:75) 
10 mm_ citrate (pH 3.5) 
Flowrate 1 ml min - 1 

XBL 841 0-8022 
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Figure 8 

Positron Emission Tomography Rabbit Whole Body Scans 
After Ga68 Labelled Platelets Injection 

Unscraped Aorta 
(control) 

Scraped Aorta 

Dorsal/Ventral Lateral 
View View 

..-- Heart/Lung Region 

--Liver 

----Spleen 

Kidneys 

------ Abdominal 
Aorta Region 

Lateral Dorsal/Ventral 
View View 

60- 70% Labelling Efficiency of Ga68 MPO onto Platelets 
Final Platelet Suspension for Injection: 

XBB 840- 8739 

5- 1 0 Million Plateletsjcc 
4- 5 cc Injected into Rabbit 
-1 mCi Ga68 activity 

~ .. ~ 
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Figure 9 

Unscraped aorta 

XBB 840-8869 
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Figure 10 

Go- 68 LDL- DTPA 
HPLC, BioGel TSK50 

0.01 M Na2HP04,0.9°/o NaCI,pH7.4 

Radioactivity 

I' 

.n 4.85 

4.35 

uv \.~ r-------J 

I I I I 
0 4 6 8 

Time (min) 

XBL 845-7131 
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