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Effect of AI** on Labeling Efficiency and Biodistribution of *™Tc-MDP

Young-Soo Chang, M.S., Jae Min Jeong, Ph.D., Young Ju Kim, B.S.
Cheoleun Kwark, Ph.D., Dong Soo Lee, M.D., June-Key Chung, M.D.
Myung Chul Lee, M.D. and Chang-Soon Koh, M.D.

Department of Nuclear Medicine, Seoul National University Hospital, Seoul, Korea

This study was to determine the effect of A in *Tc eluate from *Mo-""Tc
generator on labeling efficiency and biodistribution of ®™Tc~MDP.

The chromatographic analysis of ®™T'c-MDP preparations containing AI*' (0-62.5 ng/ml)
showed decreased labeling efficiency. ®™Tc pertechnetate and hydrolyzed reduced R
fraction increased with increasing concentrations of aluminum. However, the chro-
matography system could not discern between hydrolyzed reduced %m e and PTc
labeled colloid. ®™T¢-MDP preparations containing aluminum were relatively stable.
Chromatographic analysis also confirmed that no significant differences were observed in
the radiochemical purity of the filtered and the unfiltered ®™Tc-MDP preparations
containing aluminum by 0.22 um syringe filter. In biodistribution data of ICR-mice, blood
and heart uptake were increasing with increasing concentrations of aluminum, because
of decreasing labeling efficiency of ™ Tc-MDP and increasing of ®m1c pertechnetate.
However, liver and bone uptake were not significantly increased. In rat images no
difference were observed at 5 nug/ml AI* compare with at 0 ug/ml A, but at 10 ug/ml

AT*" lumbar uptake was increased.

As a practical conclusion, a concentration below 10 tg/ml APP'(10 ug/ml AP’ is the
maximum allowed in pertechnetate eluate from *Mo-""Tc generator by USP) in

99m.

Tc-MDP radiopharmaceutical result in low labeling efficiency. Radiochemical purity

90% of ®™Tc-MDP is the minimum allowed by USP. Therefore, when soft tissue uptake
is obseved in ™™ Tc-MDP bone scan and labeling efficiency is above 90%, we can
expect that AI* in pertechnetated eluate is not the cause of soft tissue uptake.

Key Words : ®™Tc-MDP bone scan, A in pertechnetated eluate, soft tissue uptake,
labeling efficiency, biodistribution
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Folo] &&5o] UL & i’ e oo g
ugo] EAY w P Tc-sulfur colloide] 2 A
S do7 & g9eon?® HYF AN ¢S do
712 B, wetd B &350 YL 5 e
SFaEe ¥& 10 ug/mieldt (W= kA 22)2 A
gatz Ao’

¥mTc-methylene diphosphonate (MDP)&
Elaztsle] WA ES S YY) AMgsEe
o, ¥"Tc-MDP ZAEa2ddA gz 23 dzy
o F58 wole A% tg musol o] g
Y1 9mTc-MDPY] HIAAAE 2o AL oA
AzFel ww Yo} nBHPE| 93 o433}
ol 711" Male, Q3 olzd HAL ol&d ZF
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e R FE, 2HZo|2AlAl, AAA) (53] LFEvlE
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=be=g

WA ol b g el Ax A WA ole|d FTc-
MDP9 ®A847 &9 29 Z$-Eo] A4 wwo)
ohd ¥"Tc g&dd ZAF F U= 29 L2n|
ol ol AR dis) &Y Part gl

B d7e £33 ¢FvFoleo ¥ Tc-MDPe
BAEEF AAY Exd v]XE 932 27998 o
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1. 7171 % Alet

B A3 A28 *Mo - FTcRas|AAde
Mallimckrodt Medical, Amersham¥ DuPont A}
AFolH, 28 P Tcde A2u)F oL indicator
kit(DuPont A& ©]&3 Al ¥ AMgsisitt. MDP
71E£ Amersham A oW ¢Foly EELAS
AEoln, FAETLL ITLC-
SG(Instant thin layer chromatography, Gelman
Instrument Co.), FE(Junsei chem. co.), Ae]d
FHEFYANE AMEEle] A aReEaZ A

Junsei chem. co.

(System 200 Imaging scanner Bioscan)& ©]-&3}
o ZAsIAE RAYYATLE BIi9E AHEE 0.22
um syringe filters MilliporeAl #1E& AM8315H
AAW EXAYAM HdPFEL ICR-vH2 (57,
25-30g)8 AH&st3lE, FE (SD, %, 250-300g)
9] Z2A P veTYUREVIE FEHT Aeivd

ZHSiemens AHE ©]&3to] AT}

2. ¢R0I=0|2 S0 IE IZ0l=389)
M3 53

teg FEY IR EEY (HFFE 1 0 - 625
g/mDg *™Tcdol o] MDPS ursAIZ T W&
ES 1583 B3R F o] doR opEF A4
+& AHg3la, nAPeR ITLC-SGE AH&3te] A
ANZ F PRt E O AAVE o] &5t EX R
&% S35 oMES oF5deR s
¥™Tc pertechnetate (Ri=1.0)%} *"Tc-MDP, hy-
drolyzed reduced ®™Tc (R=0.0)2 &%=, Az
AELEE oj5do dQeuels * Tc pertech-
netate, *™Tc-MDP (R¢=1.0)¢} hydrolyzed reduced
BOTe (R=0.0)2 He|goHd, o] e ¥ per-
technetate$} hydrolyzed reduced ®™Tce] Adi=
*& 431 wa2A FHFY £ oy hydrolyzed
reduced ®"Tcet ¥ "Tc AY w7 FEe &
71 e,

3. L4=0|E0|2 EX5HM ¥ Tc-MDPS
AlZHOl o2 oHEM AlE

2u)Fol 29 EAt P"Tc-MDPS Azt w
2 IARAGe owd JgL vH = Br] Y5, &
Fulgdd (FFF= 0 0 - 31.25 ug/mhg 92
®mreloz  MDPSH ¥H$A1Zl F 15, 30, 60, 120,
180 #7417 A&oA WXslz 1 FAEEE 99

< wae Agstel Zstgich

4. WEHM 0{F0f st AE

gFoFel el EAo o8 P "Tc-MDP &)
oAl mdo] P, ¥ mFo] FAHHTH o
2717k A EQIA Lotny] S5t GFolFol e
- (AE5E : 0-156 wg/msts ZH ®*"Tc-MDP

=)
Hre-5S 1587 WX F 022 um syringe filterE
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Argate] ojg & A TR S SHA
5. OIRAE 0123 AW 2ZAY

ad2uFol e EAA P"Tc-MDPY AU B¥E
g 2] 9% ddew dRnEsd (AFFE
0, 5, 10, 20 ug/ml)-g *"TcA7 41 MDPS} &
Azl % 15-30% ool ICR-uH-2 (53, 25-30g,
Z #o e 4)9 mHANY oF 50-100 uCi /0.1
ml¥ FABIAT. 3A F ZF (Y, A b,
, 11, A w)E Relstd Zhzbe] AviE BAE
A ¥ okad ASANE o838t WALE S ASEt
o} Foig wabFEy W YA AE EA s
719 G FE A H & (percent injected dose/
gram, %ID/g)3k& Tt Rt TRl
Fxd s BE AjolE wwsiyich

NI )

Al

6. FOI=sT0 ME HES AW B3}

GFEEA (HFFE 10, 5, 10 ug/mhS 7He
PiTcdow A MDPR F&AL 39 W 9
Aol @ Qg vlReA wrl 9ig Ages YE
(SD, 250-300 g)9 mA=o] *"Tc-MDP 0.5 ml
(0.7-1.5 WCHE FARIEY. 3 Al & v gEE
718 A2 AepdEtE oj8-8te] 373409 count)
< 4ok

| o}

¢2rEEEd BE ¥"Tc-MDPe ZZnEad
9} ¥WEHE Fig. 19 et 4F0g ol&Fx
(0 - 625 ng/mhE F7M124E *"Tc-MDPY X
AEEE FA3 BolAn Moz T perte-
chnetate®} hydrolyzed reduced ®™Tc #$)2} A
Al L& FU) HAUh

gFojFole EAse *"Tc-MDPE EAF
F AR FAE W Az mE AFAAAE A
Fig. 29} 2t} ¥A% 180 ¥71A]e] Z=ZvlEasd &
MAsE dFuEERe dagel 493l A
ot} 238y LFulEFE 156 ug/mlY uf, Aj7re] X
Y222 ®"7 e pertechnetatet hydrolyzed reduced
PMTee] Al ool rastel PMTc-MDPO &
AF&o] F7HEA

100 —— 9mTc—MDP
~=— Hydrolyzed reduced #mT¢
== %mT¢ pertechnetate

Relative content (%)

0 R . " . " R A
0 10 20 30 40 50 60 70
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Fig. 1. Chromatographic analysis of 99m’I‘c*—MDP
preparations containing increasing Al” con-

centrations
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Fig. 2. Chromatographic analysis of the stability of
gngc-MDPS preparations containing  in-
creasing Al concentrations.

Fig. 3& ¢FnFole Zastdl EAY ®"Tc-
MDP7} @%olgolee] os) nag FysheA u
7198 #"Tc-MDP BAEAE 022 um syringe
filters o7 ¥ A AZRlEI#HRNE AP 23
olt. ¢FulEE HWrtetA @& ¥ Tc-MDPS 2
o wmatge w LFuEezet Angle] P Te-
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O oo MDP EXEAE ojBetdE EAEL} TAol
3 hydrolysed reduced ®mTc ;(],017]. 81215}
[ %"Tc pertechnetate 9

Table 1& ¢FmEL E£8¢E “"Tc-MDP v}

a b
| l o2 o]lgd A wg@@ Azo|tt. wgt wF
>78”

AHE ¢E0FEET} 5 ug/mlold F7H FatAl
AP* concentration (ug/mi)

%ID/gol Z7kslen), o AdzAsA whe=
el %ID/g9 #AF F7te JEhA] egted, W
o] %ID/gE WOE 2ol & vehiA] &St

Fig. 4% %4Z0Eg #4sh= P "Tc-MDPY &
Ed g T2 FAolth EFuEE FsEA &
2 gE9 ofid H&) YFMEFTE F7H] Wl o

Fig. 3. Comparison of reaction mixture with/without 3 Agert 2F HolAm BRe F47t F718kY
filtration.
a: without filtration, b: with filtration ok

50

Relative content (%)

Table 1. Biodistribution in Mice of *™Tc~MDP Preparations Containing Increasing AP* Concentraions

AT® cone. (ug/ml) 0 5 10 20
blood 0.111+0.028 0.2181+0.027 0.197%0.030 0.291+0.054
heart 0.091£0.009 0.13910.026 0.185+0.069 0.196+0.007
lung 0.144%0.026 0.283+0.034 0.260+0.017 0.329+0.025
liver 0.921+0.405 1.104+0.217 0.967+0.279 0.937+0510
spleen 0.119£0.037 0.184%0.037 0.2000.034 0.197%0.053
kidney 0.852£0.070 0.891 +0.093 1.124£0.140 1501 +£0.361
bone 13.865+2.782 16.813%3.299 145793540 14.857+3.587

mean=SD (n=4)

Fig. 4. Whole-Body rat imaginges with ®mTe- MDP containg increasing concentrations of AP,
(A) 0 ug/ml, (B) 5 ug/ml, (C) 10 ng/ml AIP*'

- 364 -



— g5 9 79 AP E2)7F T Tc-MDPS} ZXE &% WA Xl o)X= dg—

K
3

Mo - FTcbAl7 Al 28le) ] FMTeals 523
4 ECEE ¢FuFe] £58 £ gtk ol ff &
vlE sulfur colloid EAA AHE doz + 9
o? A8 AN E $14¢ degvis . wa

A 2EAN $EF U 5 Yk BF0)FY FE

mlEe] A heAE RS st o

""Tc-MDPE AH4E E204 W2 WRYH 2
9 #1g wole A7 Atk olze U 9=
o) Vot FoNN) A)e° Ve wa
3u o, Wz ¥he Agel fedE A
7F Uehdet,

2 AYe wAelEe uge FHAA o)
@ “"Tc-MDPe} uAH 29 F40] ITc §3
Aol EAT & 9= 2Fe) FelFoled) A 2

ARl s &AL Aol

dEojEEie g “"Tc-MDPe| aZntEay
o WgE ¥H(Fig. 1) ¢Fv|FolL ¥E8 F7MA
252 P"Tc-MDPe EAEES 348 Hoxn
AHoz  PWTe  pertechnetate9t hydrolyzed
reduced *"Tc %99 Azl Fe 27+ )
a2y o] AzvtEay BAMWHORE hydrolyzed
reduced ®"Tce} *"Tcz FAH < FEEA
FoBEg 7| F7tE 222 YEbhd hydrolyzed
reduced P"TcH$7F Ao Qo] g A=
% 5 qich

SR EEEY Tk ABglol 18087xe] Zz
g BRI PPTc-MDPE 493 Alsid,
L3]8] dFvEEE 156 ng/midAs Azte] Ad
+% “"Tc-MDP9 EAE&o] o Frkstdn
(Fig. 2). ol&18 A4 hydrolyzed reduced ¥™Tc
8ol ¥luwF Etget gtog mQlth

aFoFole EAstl EAR *"Tc-MDP uh&
o] ¢5ugd o3 wFEE PAIEA Lelr) ¢
3 0.22 um syringe filter® 133t A3 A5}
Fe AL v B wf fo3 HolE Uehix &

ItHFig. 3). ZZoA oA ¥"Tc-MDPY A

w3

89 okzte] A= ®PTe-MDP polymer U357}
o7} A] oMot o HIE Zimmer Fo] 40
ng/mie] &Fu)Foleg FHa=""Tc-Sn-diphos-
phonate® 0.22 pm millipore filter2 33 73}
73R e AL HE Fozte] 2WE ¥ H
3 ke zolzt fAudtn Ro'Me A3} fAleich
Table 1& ¢F05S ¥FE “"Tc-MDPe v}
S48 o] 83 AN X AFA Ttk H 9 v
Me &FuE 57 5 ug/mlold T7HA FoleHA
%ID/gel S7tstea, deiat Ao %ID/ge 7t
= ®"Tc pertechnetate®] 71 W8S Aoz wWa
oh ey o] AgzzistelA whe29 TheA %ID/
g9 Fele F7te JEhA ¥sken el %ID/g%
Frolgt ApolE bR el o Aol wlE ¢

nEg istE P"Tc-MDPY HEd dE 2x
e 2EFFEL WA e ®"Tc-MDP 9

o ujsl wel uig AMErE 27 oA EX
7t Frvehe Ao JETHFig. 4). o3
oFole FEe F7HA P"Tc-MDP A&
49 T pertechnetate®] F7tol] oJg A%
Bol  hydrolyzed reduced *™Tcol dge 73
g g gk

olte]l A dFuEo] Mo - PMTcEAr|Al
26 ZE ol 22432 10 ug/mlolstll A= MDP
o] BAZE AFe s A B
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ol O A=Bs}t T2
PP AT AN 2R A SEHE

e wAE & ok
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e

dFulFole Fr (0-625 ug/mDE F7HAZASF
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MDPE ¢%uE EAsME 433 A
adgu)ge os P"Tc-MDP uhgEo] mA
3=A& HB7] 943l 0.22 um syringe filter2 o33
AL A F&A 1S 2olE VeEhlA] &k
oh ke O AAY FEAEL FolEd 9
& “"Tc-MDPe] EX &0l Hojxx ®Tc per-
technetate®] 712 sk dd3 A F5E =
b 7ta we] F4E dOE ZolE JEhiA] &
gt HEQ F2MAME 5 pg/mlel ¢RUEFE
AME G4 Aozt glevt 10 ng/misEo e 3
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ol}e] A7 dFulFol Mo - P TcAlz|A)
26l Zrd o] 22433kl 10 ug/miol st A = MDP
9 EAEE AT 9IS A 4 dvkE AL R
gzt uwetd] FOTc-MDP 2274 dzAde &
F7F Holg o= WAlgeekEe] uhasiety «
ol g Jxwelst 223 o]Fo Hotd Mo -
Bt A7 A A £EEE GRujEo o3 o

2 HiAE & o

ol

e

B4

tlo

REFERENCES

1) Muller TH, Steinnes E: On the purity of eluates
from ®"Tc generators. Scand J Clin Lab Invest
1971,28:213-217

2) Adams EH, Chandler RP, Farkas RJ: Sulfur
collid flocculation due to acid-leached aluminum.
J Nucl Med 1972;13(9):707-708

3) Weinstein MB, Smoak WM: Technical difficuities
in ®"Tc-labeling of erythocytes. J Nucl Med
1970,11:41-42

4) Gopal B Saha: Fundamentals of Nuclear Phar-
macy. Third Edition. In' Radionuclide genera-
tors. ppt5-79, NY, Springer-Verlag New York
Inc, 1992

5) Haseman MK: Accumulation of a bone imaging

agent in liver metastases from prostate

carcinoma. Clin Nucl Med 1983,8(10):488-489
6) Hakim S, Joo KG, Baeumler GR: Visualization of
acute hepatic necrosis with a bone imaging
agent. Clin Nucl Med 1985,10(10):4697-698
7) Bel LL, Carrier L, Chartrand R, Picard D:
Hepatic hemangioma unexpected bone scan
finding. Clin Nucl Med 1988,13(2):132-134
8) Lomena F, Rosello R, Pons F, Grau M, Garcia A,
Catafau A, Setoain J: Abnormal scintigraphic
evolution in AA hepatic amyloidosis. Clin Nucl
Med 1988,13(3):194-196
DEH, AAY, A, FHG, e, A4, I
A, AR 79 EARleA BERGFT dAHe=
#38 P"Te-MDP Bone scan® W34 14, )
3l o3} 3) x| 1993,27(2):309-314
10) WAE, AARE, A, 434, 483 - S8
A #He g wibs AHe R mivd dEE o
el o) 313\ x| 1987,21(2):221-224
1) <=8, 283, #4937, o1, dew, d4F, 34
& P Te-MDP 327 F 27" 3l 2 39 4
HZo) 74, vldN g2 A] 1993,27(2):315-518
12) WEE, WN7, AF7), ol¥E, End, nFE
Fmre-Methylene Diphosphonate®] AZZAH
w3 A7 A3 1986,20(1):17-24
13) oygy, TN A, F5e: w L FEA, 1% WA,
A28 pp525-576, A&, LT 1992
14) Sherkow L, Ryo UY, Fabich D, Patel GG, Pinsky
SM: Visualization of the liver, gallbladder and
intestine on bone scintigraphy. Clin Nucl Med
1984;9(8):-441-443
15) Gopal B Saha: Fundamentals of Nuclear Phar-
macy. Third Edition. In' Quality Control of
Radiopharmaceuticals. ppl43-166, NY, Springer-
Verlag New York. Inc, 1992
16) Robbins PJ: Chromatography of Technetium-99m
Radiopharmaceuticals - A practical guide, Znd,
The Society of Nuclear Medisine, 1985
17) Zimmer AM, Pavel DG: Experimental investi-
gations of the possible cause of liver apperance
during bone scanning. Radiology 1978;126:813-
816
18) AAR, AN, AE7) WAPIASE, 13e 9A,
A8} pp37-55, A&, 188t 1992

9

=

- 366 -



