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Preparation and characterization of Ga-68-deferoxamine to test the
feasibility as a bifunctional chelating agent or a renal imaging
radiopharmaceutical

Young Ju Kim"*® Yun-Sang Lee"?*, and Jae Min Jeong"?**

'Department of Nuclear Medicine, %Institute of Radiation Medicine, ®Institute of Cancer Research, Seoul National University College of Medicine,
Seoul, Korea

ABSTRACT Chelating agents 1,4,7-triazacyclononanetriacetic acid (NOTA), 1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetraacetic acid (DOTA) and 30-amino-3,14,25-trihydroxy-3,9,14,20,25-penta-azatriacontane-2,10,13,
21,24-pentaone (desferrioxamine, DFO) were labeled with %8Ga and tested in vitro properties to check the feasi-
bility of using DFO as a bifunctional chelating agent or renal imaging agent. The chelating agents of concen-
tration 2 uM were labeled with ®Gain 0.1 M HCl at pH 1.7-10.3 at room temperature and 80°C and the op-
timal pH for labeling each chelating agent was found. And then, the chelating agents were labeled with
®Ga in various concentration of chelating agents at optimal pH. The labeled chelating agents were sub-
ject to stability test in human serum and to binding studies to human red blood cell (RBC) and plasma
protein. The optimal pH’s of NOTA, DOTA and DFO for 68Ga-labeling were 4.4, 3.6 and 5.6, respectively.
DFO (10 uM) showed high labeling efficiency (>97%) at pH 5.6. All the labeled chelating agents showed
high stability in human serum. ®¥Ga-DFO showed low RBC binding but significant amount was bound to
plasma protein. The results demonstrated that Ga-DFO can be used as a bifunctional chelating agent
but not as a renal imaging agent. J Radiopharm Mol Probes 1(1):31-37, 2015
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Introduction w&o|BnE ggooA +37t= A wf 7P sk
A “Ga EAFEW 24 Y7l ZHEClEAS

FAA IS (positron  emission  tomography, PET)-- ALgstolof 3lrh
uowxgg oFZ 720 ¥Gao] AMgo] &3] Holukal 9) o3t Zgo|EAE 1,4,7,10-tetraazacyclododecane-1,4,7,10-
th(1-3). “Ga-& "H717]7} 688 0|11 1.077 MeVe] 7w tetraacetic acid (DOTA)U} 1,4,7-triazacyclononanetriacetic acid
322% o] e o WESHAIN A S 89%9] = (NOTA)9} & Ato]Z3 o] ZAe|o|EA U, ethylenediaminete-
2 IEZ UESIEE PE[Go= 9 A5t 284 A traacetic acid (EDTA), diethylenetriaminepentaacetic acid (DTPA),
21S 71A| 3 ok 183l Ay o] oA AAEE R A} 30-amino-3,14,25-trihydroxy-3,9,14,20,25-penta-aza-
O|FRE 2 A AAE = AR HrEER T} 71 HSHA triacontane-2,10,13,21,24-pentaone  (desferrioxamine, DFO),
AAH o2 YA %\E}‘* 2 o] QlthH4-7). N,N’-di(2-hydroxybenzyl)ethylenediamine-N,N’-diacetic ~ acid
A St o R B4t T2 359 i &5k (HBED), 51} 2 H|Afo|Z 2] LHo|EA & A
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Figure 1. Chemical structures of chelating agents- NOTA , DOTA and
DFO.
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sto] A= shch
Materials and Methods
1. 2| 3 A|2f

®Ge/*Ga A o]E]= Cydotron co. (Obninsk, Russia)
o] 185 GBq 84S ALgallct. 37C ik 2 wjobr)
B A 7}5HVS-8480, Seoul, Korea) A& ARE5}SIT) Radio-
TIC 27y E &3 7FA(P10 gas)E ARESl= Bioscan
(AR-2000, Poway, CA, USA)2 A3t WA 242
Packard Canberra Co. (Cobra II, Kamsey, MN, USA)2] Ztn}
7HEEE ARESHITE §ESATI=
(CRC-25PET, UsA)9] AlE= ARESHATH ?J"‘JEEV]%
Kubota co. (Kubota5930, Osaka, Japan)®] A& AR5}
t}. pH =4 7]+ Thermo (Orion 3 Star 8103BNUWP, USA)
Ape] AEE AHESRCE

PD-10 AHL GE Healthcare (Little Chalfont, UK, USA)
A& AREEATE 18] 3l ITLC-SG= Varian©of| 4] ABAFE]
L Ee AMgERYth NOTA-3HC (BAFF 412.69)9)
DOTA (EA}F 404.42)& Fluka, DFO mesylate (EA}5F
656.79)= Santa Cruz Biotechnolog (USA)AF] A|2FS ALE-
3Fock 71EF W71k 9ke XJoRS Sigma-Aldrich (USA)
2} Merck (Germany) 9] A& ARE-3FAATh

Capintec  Inc.

2. pHOi| 12 NOTA, DOTA, DF02| ®¥Ga EX|58 &X

®GaCl;2 0.1 M HCIS 1 mLA ®Ge/®Ga A o] Elo]
gl o= 2382 §SAVIE SAske] ARES)
9t} NOTA, DOTA, DFOX 1-2 mg®S AWUE1A ZolA
222 1 mLo] &9tk NOTA, DOTA, DFO ZHz}F 2 nmol/
0.66-0.82 uLol *®Ge/*Ga AL olg oA 8&H “GaCls
17-44 MBq/Ol M HCl 05 mLAL @1 4o]F9ch o|uj
1M 245 1 M ZAYEE, 1 M NaHCO;, 1 M Na,COsS
AJg-5}o] pH%— 1.7-1030.8 y3q 2-2-of| A
108 12]31 80CoflA] 108 <k W33l o] o ®h-g-
oflo] A Fu]i= 1.0 mLo]il, NOTA, DOTA, DFOQ] %
TE&E= 2 uMo| T

®Gao] EAE Z}7}e] NOTA, DOTA, DFO2] Hhaslsh
A #ARES S5 fIste] 2ZGSR ITLC-SGLF
OIFFEE 0.1 M NayCOs2 ARE-3to] ARutE T v S
Al83ta A3E Radio-TLC AU E H=3FIT

e &



3. NOTA, DOTA, DF0Q| =0 2 %Gao| BX|ES &X

7 X880 =2 pH ZHAoA NOTA, DOTA,
DFO?| sfof w2 “Gaol HAAES S5k

NOTA, DOTA, DFO Z} 2, 5, 10, 20 nmol/0.66-8.26 uLo]|
®Ge/*Ga A # o] Elol| A 825 ®GaCly 17-44 MBg/0.1 M
HCl 05 mLS ¥l 4ot ¥Ga-NOTAX 1 M XAk
L}E%r % (pH 5.0) 05 mLE FolA pHE 482 W3
931, ®Ga-DOTAE 1 M ZARYE R 9390 (pH 4.0) 0.5

2 Yol pHE 3622 ®Ga-DFOL= 1 M ZANER
Q3N (pH 7.8) 0.5 mL-E YolA] pHE 560 & uk3git}
2t & A2o)A 1082 18]z 80ColA 108 52t vt
2359}

®Gao] A Z+zZFe] NOTA, DOTA, DFO 8o o] HlA}
3leta A TS 2A517] 9ske] AALC 2 ITLC-SG
o o] AL E 0.1 M NayCOsE ARE-Sfo| A =ntE1ef ]
£ Astal AE Radio-TLC AFYE TH=31ch

4. %Ga-DFO2| A|STHLH OFEA A3

o] HEEERE B QUeh9). whEbA 2 AFoA = “Ga—DFOPJ
AT HEshalek A 68Ga DFO% 2ol A Lty
2 FoE wot 37ColA AFEEA T Wi o] <F
85 ERlskeleh. Aol Y] HgAS AFEEH
0.5 mLol| ®Ga-DFO 49 MBg/0.5 mL& ¥ A< % 37T

JollA 1042, 3042, 1A1Zh 2A41%E 4A17F &<t vEG-5}
WA DO R ITLC-SGEF o] B5AC 2 0.1 M NayCOsE
Agslo] azufE T8uE A3l 23S Radio-TLC
IS i e i A
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Ly

o & BT 3 T A3 28 5%
®Ga-DOTAS} ®Ga-NOTAS] Eolf <4 %
Al ofn] Hh3Egt vE

Ao A= “Ga-DFOS] B & AP 4
ot &1 A5k “Ga-DFO2] A &
A% E&S syl st AR €4 05 mLoj
25 kBq/20 ulL2 @il 412 & 37T ufjokr|of A

5 pD-10 Aol Hk-g-oy
& oll(phosphate buffed sal-
ine, PBS)-& S &= A] ZFz+o] B3 (fraction) 0.5 mLA-&
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5 mL Aol

=getsict
PD-10 AEE AME ol T4oleat thuo] A
Ho|| Zztx]e AL Wx|slr| £13Fe] 1% BSA (bovine se-
rum albumin)/0.1 M DTPA 1.0 mLS Z&& & PBS 100
L& Feiao] Fhe] AFE w3k e 7o) B
o] o) 2 S5E Bls] Slstel ofutAol
HE-g-of 2 pLA &gk 3 Coomassie blue -8-Y-& A8-5}0]
SN GAFORN T GRS Selshgich Tl 2
5= Ho] EASH= fraction®] AR [cpm]/7

A fraction®] WA [cpm])x100% o2 AAFsA T

AbrE oy % |4 “Ga-DFO7} 28 = v dlat Agt
sh= e BlE] $lste] AlgEe] 20 mLof “Ga-DFO
666 1Ci/20 uL-& 911 412 3 37 C 7] oA 10, 60&
4k Halsich. 189 05 mL 5 nl AlEel 87 ¥
F 3000 pmol Al 5% B9k LIRSl A@Tel
aéié% 2agt & Bajw FA o) 15% TCA (trichloroacetic
< 3,000 rpmof|A] 55 HoF AR

AT AL E S AgSte] 7}

| e 3 LS AMgSto] WAls S

Result and Discussion

DFOE= d&ulgolut 2 AlUoA deolER v
A& v sk sfEAl= 017}~ FLERA S5y
AHEE o] ghTH13-16). whakA “Gag EA|E DFOE 5
SI7HE WS avt gAY dA e = s ol 2l
o} 92l “Ga-NOTAE A1g9] Ao a2 At
sh= WA OJoRE o 2 AgE 42 QlE AuE WS
A9H9), e ol= S|7FE 7] 917 MU 9 AAA]
% T Hepol=

qu}oqop AEset 4= ok E3 7245 ¥
T o] EA|= NOTA tj4lel] DFO
= RS e B 4 kS Aolrh
O 7149l 4] A% ATk= ¥Ga-NOTA} “Ga-DOTA,
®Ga-DFO 3 7[A| ZHJo|EA| miF 9] 22 oFAFe] TIC 2
T2 "ol = 37}1] T ITLC-SG/0.1 M Na,CO50i| A]
Re = 1.00]913L, Free *GaCly= R=0.00]¢lt} (Figure 2).
NOTA, DOTA, DFO 7+ 2 yM 5 =2 A}83lo] pHE |
SIAA7MY ®A Gt B “Ga-NOTAL pH 4.4-5.600 4]
ALt 80CE 71Eet9S f & EA A0 85% o4t
o0& ¥4, 53| pH 5694 80C=E 71Eate uf
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Figure 2. ITLC chromatograms of ®Ga-NOTA (A), ®Ga-DOTA (B) and
%Ga-DFO (C).

97.1%2 7} =9ttt ®Ga-DOTAL: AlLo A= B &
o] 4% o|stZ uj$- woky, 80C=E 7hHsS wf pH
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Figure 3. pH dependent labeling efficiency of ®Ga-NOTA (A), ®Ga-

DOTA (B) and ®*Ga-DFO (C) labeled at 2 uM concentration of chelating

agents.

36014 70.04154%% A =9kt “Ga-DFOQ] ZA &8
& “Ga-DOTARTE 23} 80C2 7151 9S uf) B =9k
a1, pH 5.600|4 A-La} 7FFA] ZF2)F 72.048.3%, 82.3+2.0% 5
AY =skeh 2#U pH 6.6-103914 = 80CE 718k
= o @3]z AoA whgEh AXch Wokth(Figure 3,
Table 1). o]&3t FA-2 DFOQ] FYAdx}t o] 9l& A
o7 FZHch

%Ga-NOTAS} ®Ga-DOTA, ®*Ga-DFO2] 7} A7} 2
%] pH 712} pH 4.4, pH 3.6, pH 5.6°]%lth 7} #7
7} ZFE]= pHojlA] NOTA, DOTA, DFO 10 uM %22 A}
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Table 1. Labeling Efficiencies of 2 uM Chelating Agents at Different pH's

Journal of Radiopharmaceuticals and Molecular Probes

o %Ga-NOTA %Ga-DOTA %Ga-DFO

RT 80°C RT 80°C RT 80°C
1.7 0.00.0* 59.0£36.0 0.0£0.0 1.210.7 - -
36 69.9:23.1 90.6£17.5 0.5+0.1 70.0+15.4 17 -
44 91.7411.9 96.8+5.0 2.80.6 69.2+20.9 20.16.2 19.4+6.9
48 88.9+10.6 95.546.5 3503 44.9+10.7 38.5+13.6 53.7+5.2
56 85.8+7.4 97.1£3.0 0.8+0.2 7.7+2.1 72.0+8.3 82.3:2.0
6.6 47.9+23.3 72.2+35.1 0.0 0.0 70.2+18.1 36.9+32.9
75 0.2+0.1 0.2 0.0 0.0 52.0424.0 9.1:14.6
85 02 0.0 0.0 42.0+24.7 1.5:0.9
10.3 0.0 0.0 0.0 0.2 -

Mean + SD (n = 4-5).
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Figure 4. Labeling efficiencies of ®Ga-NOTA (A), ®Ga-DOTA (B) and
%Ga-DFO (C) at the optimal pH according to the concentration of che-

lating agent.

g3sto] 125192 1 “Ga-NOTAQ} ®Ga-DFOL 2
80CE 7FEA] oA 97% o4l 2 EX| &
BT, ®Ga-DOTAE 719319S wuk 97%=2 =9
(Figure 4, Table 2). wrehA] URWPH OS2 AMRE = F7]54
Zgo] EA|¢L HElolE AFA| FA|A|2] 5 =R S0l
0] w2 BAAES Kol Fohe AL YR
“Ga-DFOE A2 T2 918 wje} Agayat &
qsto] 37Cof|A] BiFatae o M5 4A17F B2t 99% o]
Aro] oS HolErk ®Ga-NOTASF ®*Ga-DOTAL]
A8 59 P84S olm] HArE vl QITH9). whebA
o] 37k2] AYo|EA WE Aol AHE 7HsAo] S

s
o 4 9lgick

1Q 37
=

T
[e]

fllo &

o

L

O:

rr

“Ga-DFO2| Alf&s cthdule] Agbse =43
st} AFFER T S ok PD-10 ZH o2 ZHolA
0.5 mLA 30712] &2 F 53 th(Figure 5). 2H712] &3
2 Coomassie bluez M+ A3} 7, 8, 9 HH E3oj|A]
HAo] H Ao=m Hol o] B30 thlFo] xZ3bEE
o = it wheba] SalE A}t 2elat AgshA] o2
w39 Wibs SAske] Tl AsS ALkt At
“Ga-DFOS] At BAefA o] Tl AEL 108 Fof

11.12%, 1AI7F Zol= 1418%= 7]2o| X% ®Ga-NOTA
9} ®Ga-DOTAQ] 2.08-3.32% H.Th= =9FCH(Table 3). whe}
A ®Ga-DFO= AF-A| ok A A QofE o v
AFela] Ghrhs AS Lot ofuketH Thalde] Aglet
A Q] OFE-2 AMEA| A1l B2 ¢F7] wiZoltk(17,18).
o]gA DFOS| Tz AJMgo] &2 o= B

orek. shsLad X g0l 45t
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Table 2. Labeling Efficiencies of Chelating Agents at Optimal pH Conditions

%Ga-NOTA %Ga-DOTA %Ga-Deferoxamine
Cone. (M) RT 80°C RT 80°C RT 80C
2 88.88+10.62 95.53+6.53 0.45+0.07 70.02+15.38 72.02+8.27 82.26+2.03
5 97.35+1.87 99.57+0.28 2.28+0.99 96.28+0.38 91.58+5.02 92.97+4.70
10 98.66+0.97 99.73+0.21 4.62+£1.76 97.82+0.42 98.83+0.63 97.12+1.97
20 99.77+0.13 99.92+0.04 10.14+4.10 98.14+0.94 99.84+0.19 99.93+0.03

Mean + SD (n = 3-5).

Table 3. Protein Binding (%) of Labeled Chelating Agents after Incubation with Human Serum at 37°C

68Ga-NOTA? 68Ga-DOTA” 68Ga-Deferoxamine
10 min 2.08+0.01 2.04+0.15 11.12+1.00
60 min 2.67+0.04 3.32:0.24 14.18+1.64
INucl Med Mol imaging 2009;43(4):330-336, Mean + SD (n = 3).
Table 4. RBC and Protein Bindings (%) of ®Ga-DFO after Incubation with Human Whole Blood at 37°C

RBC binding Protein binding Supernatant
10 min 2.35+0.14 12.48+0.88 85.17+0.82
60 min 2.35+0.28 11.81+0.57 85.85+0.43
Mean + SD (n = 3).

Conclusion

300

—@-10 min

—@-60 min

4 Protein Fraction

Activity (x 1,000 cpm)

o
o

Fraction (No.)

Figure 5. The elution profile of ®Ga-DFO from PD-10 column after in-
cubation with human serum. Each fraction size was 0.5 mL.
Protein-containing factions were detected by Coomassie blue staining
after dotting onto a filter paper and found to be fraction number 7-9.
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o] A4ge] A3} DFO= 2% pH 27 (p
T2 %Ga A7} Ha AFRFE A of| A

& Welol= 5ol Akl Ao

6)°A 3=

JZJ*JOl b o}
oF7

R O

A2 JfrEr 7px7F SRl 8-S vtk a8y 2
Sl A AFHE wjRo] “Ga-DFO AAI= AR ARE HRAL
AojoFEo R HHsHA| ottt AL A9ttt
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