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Abstract

Purpose: A new linker, hydrazino nicotinamide (HYNIC), was recently introduced for labelling of liposome
with ®™Tc. In this study we synthesized HYNIC derivatized PEG (polyethylene glycol)-liposomes radiola-
beled with *"Tc. Materials and Methods: In order to synthesize HYNIC-DSPE (distearoyl phosphatidyi
ethanolamine) which is a crucial component for BT chelation, first of all succinimidyl 6-BOC—hydrazinopyridine-
3-carboxylic acid was synthesized from 6-chloronicotinic acid by three sequential reactions. A DSPE
derivative of succinimidyl 6-BOC-hydrazinopyridine-3-carboxylic acid was transformed into HYNIC-DSPE
by HCl/dioxane. HYNIC-PEG-liposomes were prepared by hydration of the dried lipid mixture of EPC (egg
phosphatidyl choline ): PEG-DSPE : HYNIC-DSPE:cholesterol (1.85:0.15:0.07:1, molar ratio). The HYNIC—
PEG-liposomes were labeled with ®™Tc in the presence of SnClz + 2H20 (a reducing agent) and tricine (a
coligand). To investigate the level of in vivo transchelation of ®™Tc in the liposomes, the ®™Tc-HYNIC-
PEG-liposomes were incubated with a molar excess of DTPA, cysteine or glutathione solutions at 37°C for
1 hour. The radiolabeled liposomes were also incubated in the presence of human serum at 37°C for 24
hours. Results: 6-BOC-hydrazinopyridine-3-carboxylic acid was synthesized with 77.3% overall yield. The
HYNIC concentration in the PEG-coated liposome dispersion was 1.08 mM. In condition of considering the
measured liposomal size of 106 nm, the phospholipid concentration of 77.5 pmol/m and the liposomal
particle number of 5.2x 10" liposomes/ml, it is corresponded to approximate 1,250 nicotinyl hydrazine group
per liposome in HYNIC-PEG-liposome. The removal of free ¥ e was not necessary because the labeling
efficiency were above 99%. The radiolabeled liposomes maintained 98%, 96% and 99%, respectively, of radioactivity
after incubation with transchelators. The radiolabeled liposomes possessed above 0% of the radioaciivity in serum.
Conclusion: These results suggest that the HYNIC can be synthesized easily and applied in labelling of
PEG-liposomes with ®™Tc. (Korean J Nucl Med 2002;36;333-43)
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Fig. 1. The chemical structure of hydrazino nicoti-
namide (HYNIC).
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Liposome®} “"Tc-g FA|sl= wioll= ofe] 7}
27} 9Jek'” DTPAE o] g3 “"TcE liposomeol]
E35H o] ghizul, ol A dellAl Beby
Seke Wgol ek Hol A Aol 28l
HMPAO (hexamethyl propyleneamine oxime)E- ©]
&3 P"Te EAHo] AgEginh ey duby
o7 FA o] 60~80% HAEE Yol FA F
EelZAE slokshe el iek” HYNICE A
2311 liposomeol] ™ Ted A A4 7bssly =
T TEE VERY] ulitell A & el Al
ol Mo glrh= Aol Qrp?)

B oJF+= BFCA = s}u)el HYNICS A|=3)aL,
AZRo] HeHon Fasuo] AR 4 Y
PEG-liposome¥} 7Z§HA)1] HYNIC-PEG-liposome-g-
Alzstaa} slg o, Al225 HYNIC-PEG-liposome
o) WAHEN DA " Tes) EA i Hela
A skgek. A2 ®"Te-HYNIC-PEG-liposome 2]
Al b S Adsled AAAE 7hs AARE
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1. 6-Hydrazinopyridine-3-carboxylic
acid®| &4

6-Chloronicotinic acid 8.0 g (50.8 mmol)¥} 85%
hydrazine hydrate &4 35 ml (930.0 mmol, 18.3
equiv.) teflon coated magnetic stirrer®} &7 500
ml o+ FeFAF] Wil Ao]Fm Al 100 oil bath
AA] 4A 7S] WHEAIZ . UhS F8 3 Aol A
10A] 7} ¥kX|&}aL rotary evaporator® 2A|7HE<l 74
H7=E AF of7ldl] 200 mle] FHTE 7l
=0]31, FA4HE o83l pH 558 =43t S
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S oA} AAlE XA E-LS Whatman filter paper
(No.)E ojxkslgdvt. 95% Ethanol G~8H3} ethyl
ether® Z}7} 23]4 wHE Al 7t Zz7]el
A 12A17F ZAebAz=  Z 6-Hydrazinopyridine-3-
carboxylic acidE ¢39ic}. AAEel| 2 N NHOH <~
follg Adlek vlal] 9 & TLC (Cl8-silica gel,
reverse phase, Aldrich)oll A slo] AN
(n-hexane:2 N NH,OH:chloroform=1:2:1)& #7§A]
71 & UV 1537) 254 mmollA 1 £EE el
ok =g A2 AAEE DMSO-deell =9l F
'H-NMR (Bruker AC/100F, 100 MHz)& 1 725
sholsoiet

2. 6-BOC-hydrazinopyridine-3-carboxylic
acide| g

6-Hydrazinopyridine-3-carboxylic acid 1.4 g (9.2
mmol)& triethylamine 1.2 m/ (11.8 mmol, 1.3
equiv.)Z} 34l DMF 10 wmloll ol ditert-
butyldicarbonate 2.13 g (9.8 mmol, 1.1 equiv.)&
stirrer 2 Ao A 16A17H59) A2ollA] HE-g-A
ZArk W2 F8 ZA| rotary evaporatorZ 104]7F 24
oAz AAHr). X A&uk] ethyl acetate® =91 3-
silica gel 60 (230-400 mesh)2 ©]-£3l column chro-
matography & 2 A&} & rotary evaporatorZ 12X]7+
B¢ k= AF) o]g A ol wkg At
of| ethyl acetated #3eF 7kl =41 5 219} 54
2G4 o] e o] g3lel AMAIY F UV &
7] 254 nmollA IRHEE AleESick AE
DMSO-deof] %91 ¥ 'HNMRE HF 71 725
kst

%

o o ¢
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3. Succinimidyl 6-BOC-hydrazino pyridine-
3-carboxylic acid2l &4

15 ml¢] DMFe]| 6-BOC-hydrazino-pyri -dine-3-
carboxylic acid 1.45 g (5.8 mmol)3} N-hydroxy-
succinimide 0.66 g (5.8 mmol, 1 equiv.)& Y3l 5
ml 9] DMFell &2l dicyclohexylcarbodiimide 1.18 g
(5.8 mmol, 1 equiv.)S A7}gF Z A.2ofl4] 1647t
B AT, BEEE ¥ ERES Whatman

=
filter paper (No. 1) 2.2 oja}gh Fof] #43F2] ethyl
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acetate & 0] L silica gel 60 (230-400 mesh)S o]
£} column chromatographys AA]2F Fof] rotary
evaporator2 12A)7FE}) 7tz A|Ze) o]E A
dojA uhS Ail-Eoll ethyl acetateS H}ekrlal|
%9 & A4S TLC (Kieselgel 60 F254, Merck)
2 gl o]lEAL kA s B(methanol:dichloro-
methane=1:9)% A-g3led AN F, BBES
DMSO-deol] 321 % UV £347] 254 nmol|A] 3}
& #9e9 1, 'H-NMRE 1 725 lsigint

4. HYNIC-PEG-liposome®Q| H|=

Wh&-87)6ll Ad7taE FRA7) el A DSPE
(distearoy phosphatidyl ethanolamine) 20 mg (26.7
P mo)¥} 500 9 chloroforme & 55ColA =4
t}. Succinimidyl 6-BOC-hydrazinopyridine-3-carboxylic
acid 37 mg (106.8 pmol, 4 equiv.)S ZE3}-g-H
(chloroform: methanol=2:1)2 & o) ollA] A=
gl DSPEg-¥} 431, triethylamine 14.8 4 (106.8
P mol, 4 equiv)E H7RE 3 1A17HEQ HESAIH,
oh WhE EE-S TLCo AZ e 3 3 AMY
(methanol:dichloromethane=1:9)-2 AL-&3lo] ZMA]
2 ¥ UV 4TS WSARS Hlegion], wa
1.3% 2] molybdenum blue7} ¥3%+s 4.2 M A48
oz dsleiAE HhS E]Isiicl +BOCE
AAsL7] Yslod 4 M HCIS] dioxane£8 3 m/-S %
7hE & A2ollA 4X7F et vk F AR WA
E-& ethyl etherZ 53] ubs Apdslda, 79t A=
st} WA= 21%ick A4 E-& Chloroformel] o7
TLColl AZAg F %3 &/l H(methanol:dichloro-
methane=1:9)-g A-83}o] A/MAZ] F UV lampE
<5 Folslglon, 1.3%2] molybdenum blue7}
942 M A58 MAAleko 2 ol Alstel A
#olsl9lch. PEG] HA}eko] 19002] PEG-DSPE
Agslo] 120 mMe] EPC:PEG-DSPE:HYNIC-
DSPE:cholesterol-& 1.85:0.15:0.07:12] u|§=® %3}
3}od chloroform/methanol (1:2)0]] =21 o} £7]8-
g ALTkAE o] fsle] FHAA AAGR F, 14]
Zr o) Fhsh xSt wike] {71 &wl7kA A%
AAsHE}. oI 7]oll 50 mM PBS (pH 7.4) 1 mlS 4
o] F3AF F, P-octylglucoside s Hedsdk U

4 T

L

o

W koM

vortexerS o]&3}o] multilamellar vesicle-2 He
t}. 4h29] liposome £9B-& extruder?} polycarbo-
nate filter pore sizeE 450 nm, 220 nm, 110 nm&E
sol £AT0Z ofe) W WiEslo] EANA YA
& =17]9] liposomes WHECh WH3 EHE F4
whGslide-A-Lyzer 10K, cut-off 10,000)ol] Y31 5X)7F
HHez 4collA vl ¥l PBSE IAstodFct
Particle analyzer (ELS-8000, Photal OSTUTA
Electronics, JAPAN)E o] £3}o] liposome?| & 7S
2439tk HYNIC-PEG-liposomeoi]4] HYNIC2]
5= p-nitrobenzaldehyde 0.5 mM-g 2.5% acetoni-
trile <F8-Re]] 3591 H 0.1 M sodium acetate buffer
(pPH 473)5 YolF &8 1 m} ofv] ¢35 Y=
HYNIC =% 100, 50, 25, 12.5 ug/ml-& %o X34+
B2 5AI7HESE Wxlsled UV E47] 385 nmollA
FHEE SHe] EEFAE AR T2
TS ARF AR FEEE £ liposomeol)
A3 HYNICS FE& FAs9th ol Bl
PEG-liposome?] 7§29} PEG-liposome®d H3tsl
HYNIC®] M55 ARk

5. Mx} S0|HE 0|28t liposome A &0l

A 2= 10 mg/ml HYNIC-PEG-liposome solution
10 ploll 5% uranyl acetate 10 & 4jolgo]
negative staing 3k ¥, 200 mesh copper grid (TED
PELLA INC, USA) 9ol &#]=9kc}. Filter paper®
E71Z AAE 3 electron microscope (Joel 299EX-
I, JAPAN)AellA 60,0008 (80 kV)E HYNIC-
PEG-liposome 2] ¥A)-g- &holaioict

6. HYNIC-PEG-liposome0f #°™Tcel EX|

25 9 HYNIC-PEG-liposome (775 pmol
phospholipids/m)oll *"Tcg FA|317] sted, Y
A2l SnClL - 2H,0%} coligand?] tricine?] =55 2
Aetgleh. WA gae] Azl ALEE SR
£ olzarlaz $Aso] Agsidlch BeERE
of] 74 MBg (2 mCi)2} Na™"TcO, & A-&3}3L, tricine
228 FAAASFI SnCl, - 2H08) 555 5~
300 pg7bAl WA FEA P"Tc-HYNIC- PEG-
liposome?] FA|FEo} 7H4 =& SnCh - 2H,09]
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FEE 24 AR SnChL - 2H,0 FE 10
©g o2 TAXF) I tricine?] EEZ 10~200 sg7HA)
W37 A P Tc-HYNIC-PEG-liposome 2] ¥4
8ol 7H EL tricine®] FEE AAsIAY A4
E SnCl; - 2H,03} tricine?] 55 727 10 ug® A
a3le] P"Tc-HYNIC-PEG -liposome?] ZEA|58-S
344 o2 Instant Thin Layer Chromatography-
silica gel (ITLC-SG, Gelman Science INC.)-& A&
s, o] s42e. 2 0.15 M sodium citrate buffer (pH
5.0 o]gslo] AMAFHIL o] = thin-layer chro-
matogram scanner (Aloka, Japan)-& ARg&3le] -0l
stk PMTedl WAEe] Tkl wWE e
HYNIC- PEG-liposome®] ZX|g=g2] w35 ol
37] 9ste] PPTeg] MRS5S 185 MBg~2.96 GBg
(5~80 mCiy7tA| F7MAI7IH A EA 7§ W3kE
spelebaiet.

7. ®™Tc-HYNIC-PEG-liposome?| trans-
chelationZ} AIZEHH otEM AlE

99m,

Tc-HYNIC-PEG-liposome 1 ml3} 43-& Zof] 7}
Z+ 0, 1, 10, 100, 300, 500, 700, 1000%]2] E- u|7}
T 55 uFE DTPA, cysteine, glutathioneg& Z+2+ 1
mA AL b, 37C el 1A7He]t
S22 P Te-HYNIC-PEG- liposome2] <F4
A& 1442 F Instant Thin Layer Chromatography-
silica gel (ITLC-SG, Gelman Science INC.)-& A&
sk, o] FAe & 0.15 M sodium citrate (pH 5.0)-g
olg3ted HMA)ZHIL o|F Thin-layer chromato-
gram scanner (Aloka, Japan)& Ah-8slo] gelsiqivt

#MTe-HYNIC-PEG-liposome 1 mi¥} A&l 1

£ 412 vhe, 370 etz GLFATRA S
W 104, 3034, 1417, 24178, 3417h, 6A17), 1247,
18A17F, 24A17F ZHA o2 A8 E Hsur A% &

Qe pHoR PPAS B
z

1. 6-Hydrazinopyridine-3-carboxylic
acide| &

6-Chioronicotinic acid(8.0 g; 50.8 mmol)¥} 85%

hydrazine hydrate (35 m/; 930.0 mmol, 18.3 equiv.)
E ulh2A1# 6-Hydrazino-pyridine-3-carboxylic acid
Z 6.88 g (45.0 mmol)-g olo] 88.5% 9] &5 el
ek Rfgho] <F 0.75 xellA] Shghag 2hlsal
31, WHS-E-S 'H-NMRE of&a] 2F 6.6 ppmoil4]
amino7) 9] peaks EQlelgich

2. 6-BOC-hydrazinopyridine-3-carboxylic
acid9| &

6-Hydrazinopyridine-3-carboxylic acid 1.4 g (9.2
mmol) 2. Z X €] 6-BOC-hydra-zinopyridine-3-carboxylic
acidZ 2.17 g (8.6 mmol)}Z <lo} 93.7%2] +&&
vebdich ol#@Al <lofl Mbg AFEel ethyl
acetate 5 23 7hall %2 & ANste] Rfgho] oF
042 TAellA  whle HQlelgla, HAEE
DMSO-deol] #5291 3 'H-NMR& o]gslo] < 1.4
ppmellA] +-BOC peakE- #¢1s}3d

3. Succinimidyl 6-BOC-hydrazino pyridine-
3-carboxylic acide] &4

6-BOC-hydrazinopyridine-3-carboxylic acid 1.45 g
(5.8 mmol) & FFE] succinimidyl 6-BOC-hydra-
zinopyridine-3-carboxylic acidZ 1.87 mg (5.3 mmol)
& olo] 932%9] F&S viebdlch o]E A dojzl
uh-g AspEo] Rfghe] oF 042X ollA WS =il
1L, WHSE-S DMSO-deoll 521 ¥ 'H-NMRS-
o8-8} oF 2.7 ppmol|4] NHS®] peakZ 2tolslict.

6-BOC-hydrazinopyridine-3-carboxylic acidg 2
wrEA 2 34 ¢do]A succinimidyl 6-BOC-hydrazi-
nopyridine-3-carboxylic acid®] FHEFE-E 77.3%]
th(Fig. 2).

4. HYNIC-PEG-liposome2| HZE

DSPE 20 mg (28.0 p mol)¥ succinimidyl 6-
BOC-hydrazinopyridine-3-carboxylic acid 37 mg
(106.8 p mol, 4 equiv.)2 HFSA|A 0.299] Rf L&
7FA+=  Succinimidyl 6-BOC-hydrazinopyridine-3-
carboxylic acid-DSPEE A|lzsl9ic}. DSPES] Rf 7k
2 0.170]9vk o] £3hEol 4 Mo} HClo] g7t
dioxane 3 mi-$ 7}8|4] HYNIC-DSPEE AlZ3}9ic}
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Fig. 2. Reaction scheme for the preparation of HYNIC-DSPE. (a) 6-Hydrazinopyridine-3-carboxylic acid. (b)
6-BOC-hydrazinopyridine-3-carboxylic acid. (¢} Succinimidyl 6-BOC-hydrazinopyridine-3~carboxylic acid. (d)
Succinimidyl 6-BOC-hydrazinopyridine-3-carboxylic acid-DSPE. (e) HYNIC-DSPE.

(Fig. 3).

A|z% HYNIC-DSPES] Rf k& 0o]gich.

#) 2% HYNIC-PEG-liposome- particle analyzer
& Agste] Qe ¥UAE A3 106 nmgleh
p-Nitrobenzaldehyde & A}-£8lo UV £347] 385 nm
o4l HYNICS Z#%Z =A% Az PEG-
liposomeel] {35 HYNICO] =& 38.6 pg (1.08
mM)o]git}. o]& Fig. 3ol Vel HYNICES9] %
F74E AAslo] AksAct. PEG-liposomes] 1)
FE 1 miol] 52X10“07} 241, ol oz
A Az} PEG-liposome 8+ 79 HYNICS <k
1,25070%3 e}

5. TX} HOIHE OIZ8 liposome EY &0l

5% uranyl acetate 10 xE 4Jo]Fro] negative
sainingsfo] 91 AAHA  AHelA  PEG-
liposomeo] HAEA-LS &eld 4= 919t} Poly-

carbonate filters (110 nm)& #HEH o7 EIA|A
ARl Kol PEG-liposome?] 7]+ H|Z& 1 E

A JEbtckFig. 4).
6. HYNIC-PEG-liposomeli| **"Tce] EX|

HLL 5320l 74 MBg (2 mCi)2] Na™"Tc0,& A+
L3}, tricine x5S A A|AFI SnCly - 2H,09]
EEE 5~300 ug7bA WA Az PTe-
HYNIC-PEG-liposome 28] ¥4 &2 10 ugollA <F
59%2 JehiY ZAAE Sl - 2H,0 FE 10
ug L & NAAF|AL tricine?] ‘FEE 10~200 ug7}A
#8271 A3 ®"Tc-HYNIC -PEG-liposome?] %]
TEZ 10 pgolld 9%l vehHSIvkFig. 5).
Pnrce] WhAs-e] Z7loll whE P Tc-HYNIC-PEG-
&9 wWIE Fley] 93t
#mrce] HEAS-S 185 MBg~2.96 GBy (5~80 mCi)
7R Z7kA171 73} 370 MBy (10 mCi)ollA 99% o]

liposome 2] 3EA|




Ag Uehlo] 7 £ 31X FEE 2o,
2.96 GBg (80 mCi)ollA £ 90%o]Ate] EA| 8-
ghelsl ol chFig. 6).

7. ®™"Te-HYNIC-PEG-liposome®| trans-
chelationz} A|EE L4 CHEM

P T HYNIC-PEG-liposome 1 ml#} 4]-2- ol 7}
, 1, 10, 100, 300, 500, 700, 1000uH2] & W&
E DTPA, cysteine, glutathioneS ZH7F 1 mlS 4
S A AR Al 25 93%0] e HPAE vEt
thFig. 7). ®"Tc-HYNIC- PEG-liposome 1 ml3}
AREA 1 mE 4 v, 37C gzl g
SABPAA 5%, 108, 308, 1217E, 2417k, 3417k, 6
A|ZY, 12407, 18A17, 24X 7k A o2 Al g8 Hst
o] QP3AS Hlgt Azt m) A7F 3%l e
s} chFig. 8).
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0 20 40 60 80 100
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L

Fig. 3. A standard curve of HYNIC concentration for
HYNIC-PEG-liposomes analysis. The con-
centration of liposome-associated HYNIC in
the PEG-coated liposomes dispersion after
dialysis was 386 «g (1.08 mM). This cor-
responds to approximate 1250 nicotingt hydrazine
groups per liposome, assuming an average
liposome size of 106 nm, a phospholipid
concentration of 775 wmol/mé and a lipo-
somes concentration of 52 10" liposomes/mé,

Fig. 4. Electron microscope photograph of HYNIC-
PEG-liposomes. An average HYNIC-PEG-
liposomes size is approximately 106! nm by
particle analyzer. liposome formulation was
EPC:PEG-DSPE:HYNIC-DSPE:cholesterol  {1.85:
0.15:0.07:1).
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Fig. 5. Radiochromatogram ~ of  *"Tc-HYNIC-PEG-
lipopsomes reaction mixture. ITLC condition;
mobile phase is 0.15 M sodium citrate buffer
{(pH 50) and solid phase is [TLC-SG (Gelman
Science, INC.).
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Fig. 6. Radiolabeling - vield of BT o-HYNIC-PEG-
liposomes according to 99’”‘TcOa—radioactivity.
When radioactivity of ®"Tc was 10 mCi (370
MBg), radiolabeling yield of *™Tc-HYNIC-
PEG-liposomes was 99%. radiolabeling yield
was decreased as increasing radioactivity of
#™Te0s”, but When radioactivity of ®™Tc was
80 mCi (296 GBg), radiolabeling vyield of
M e-HYNIC-PEGHiposomes was above 90%.
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Fig. 7. Transchelation of ®"Tc-HYNIC-PEG-liposomes
with DTPA, cysteine and giutathione. BT
HYNIC-PEG-liposomes showed above 93%
stability in 1,000 fold molar ratio of DTPA,
cysteine and glutathione. Each sample was
duplicated (represented by mean value).
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Fig. 8. In vitro stability of ®™Tc-HYNIC-PEG-liposomes
contained with human serum. Radiolabeled
liposomes 100 #¢ were incubated with 400 «£
human serum at 37°C. Samples were taken
after 5, 10, 30 min, 1, 2, 3, 6, 12, 18, 24
hour of incubation.
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