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%mT'c~monofluorophosphate 0 H 45§

——»mTc-pyrophosphate, *™Tc-diphosphonate & o k%

o) fE K>

Subramanian® HiZ X » T " Te-ZE#mL&
WOFAF Y=V 7HNBRBEINR TR, &4
ORISR IRTEL. 2 bD ¥ Te-
ESEALEMIATF LT, ¥ v Medhic
7o B E, HEREORM, ROMHIED
Enb, 6k 88, 8mSr BAH L BF O LD
REAF Y v = v SHIOERTERL & vz
%. UL, X b#Ehi: bone seeking agent %
BIREL & 5 T3 BARMELTRT bhikidhid
7c B 7t . 55l , Radiochemical Centre (Ameoro-
sham, Buck., England) -C %" Tc—{Z3% monofluor-
ophosphate(LL T MFP) 2B S hutc. & s
B @AM A F> Stannous fluoride & Phosphate
L DA R X ) BT bone seeker #{EA
5LRARICLDTHD. EEHELIX, THhCETO
JERERY, R IRIR R 2 in 2, R BERR IR T
U~ % 9m Te-fE3#; pyrophosphate (LLF PPi) ROt
99m T fEZ; ethane-1, hydroxy-1, diphosphonate
(LUF EHDP) & o HBiRE % 1TIs» 7. LIF,

* JIIERRYE HEFEH
*x il Bt I R B SR AU
i il TS R R

Zf+: 504118 5H

A 51482 A6H

FRIERE - ABHRES577 (F701-01)

N ERFAERESE
F T E

HRCNE L fe R R ——

HRERRE T P OCHRET 5.

2. MHEEHE

1D ®"Te-#M{LAMORE : MFP 2SR
% %} 7= Monofluorophosphate 100 mg . 0* 2 mg
@ Stannous fluoride # &% Lz~ 1 7 L R (BHBE
%) &, ®Mo-¥"Tc-v - Rk v—x— X hBEH
L7 5ml @ %9°TcO” #EFHTEAL, 168
iR < IRBREMEBERL . PP (—5 o4+ 7
4 Y b~ 7% kU EHDP (¥4 73Ky b
RIBF%EFT) X EhEhox » ARk - .

2) BRRE: -~ —7r=}rF574-K
VB sr<t 574 — (LUF TLC) AW
fo. R—o3— 7 v = MIHEFEFH Nobl T LA
TiTie 1. BEIGENT 85 % Methanol JO*
Methyl ethyl ketone (LIF MEK) %M L.
TLC i AL 7BV AL G DT v—L+ (B
BARERE 10cm) Z{EBI L. BEBHEI~——
rr=< b EA—DLDTTe-. RA LD lem
MYV I A ENELD, VAR vFU—
YavAhvvE—X)kREEYRIELK.

3) EBREW:4E2.1~2.8ky OXEELMH
y

4) EBRLAPOmMPHERAE : —EBOE
B BHIR X D EHE, ERMCOERIC
X oo THeMn, BAZEENY OBGHEEL R BHic
7ey bLE.

5) #MA#ASH  SEBEDE 200 £Ci 5
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MFP PP+ EHDP
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Fig. 1 Paperchromatography and Thin Layer Chromatography
Table 1 Distribution of #mTc-MFP, -PPi 2 - 5
Z 9 bl
and ~-EHDP in Rabbits* 3 Bﬁﬂf’a‘i{ﬁlf B L, X0 Bty (El_ﬁb
% Dose/gram of tissue 7o, PIEEIZER 1 € OBEHREC R T 5 £ EHRY
MFP | | EHDP BOREHEEO A EHRTRD, £F5HD
Femur 0148 | 0.135| o177 TOMETRLE. o
Tibia 0.123 | 0.141 | 0.183 6) BIAEN  RBREROTE A, b ATEE R
Liver 0.052 | 0.080 | 0.004 ELTHE L. BiRhOLBHEEIIMEEDI0
Kidney 0.139 | 0.259 | 0.067 Yr B L R LBE L.
g s . 004 4 3
Marrow (femur) 0.021 | 0.030 | 0.005 d d (Bas) CHE L
Marrow (Tibia) 0.021| 0.031| 0,007 Stry independent counter - =
Muscle 0.002 | 0.002 | 0.001 8) BLFHFTT74—: 3HEOEBRLEYE
Blood 0.019 | 0.019 | 0.007 HEMR1 B TRA—FRKC 1mCi #4511, 3kH

* Avarage values for 5 animals each

W a—2 V7o HP o vF 2 2 7(F
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Table 2 Distribution of **mTc-MFP, PPi
and -EHDP in Rabbits*
Ratio Bone to Tissue

MFP PPi EHDP
Blood 7.1 7.3 25.7
Muscle 67.8 69.0 | 180.0
Marrow 6.5 4.5 30.0
Liver 2.6 1.7 | 45.0
Kidney 1.0 0.5 2.7

* Average value for 5 animals each

Table 3 Deposition of Bone Seeking Agents
in Entire Bone

| Percents of Dose Given
| s

19.95+3.74

99m Te~-MFP
#9mTe-PPi , 29.10+4.53
#mTc-EHDP 1 40.00+6.74

SREER Y A — & =) TLHEDHY v F 757 4
—% {7l otc. EHDP kb 4 2 —<% BA1C
LT 2 b 2+ v v L, 5 2 50ffh
DFEFME—EIC LT,

9 MmFHILLYL :SHOKRIC MFP50 mg
K7 s b A X 1 mg & BT & D TG, RERFTY
ORI X D Eifi% 17 7¢ Ly,  Orthocresolphth-
alein i X b e L 7.

3. &/ &R

D £ZBHBE: \— -7 r< | Tk 8% Me
OH Pz T, MFP, PPi, EHDP »\ ¥ Hh 4, £
ikl Fig. LISR3T T8 <, 6% EMFEAEIE &
Fh, WHHEEOTcO 124 2% IFTHh b BRI
RBifth-tc. TLCIc X% & 85 % MeOH i X
LT, MFP:85.40%, PPi:90.30%,
EHDP :89.66 % »EmMiIC & &% b, MEK I &
BB Tk MFP:78.75%, PPi:84.51%,
EHDP : 78.35 % MR U < FiC & &% » 1.

2) MBIV TTR: EHE30D TR ER
{EEPENCE L WCHERRD Dl ten, F
N T EHDP @2 V7 5 v a3 gy <,
KT PP TH b, MFP 115 {, #2> - 7-(Fig. 2).

3) WBAOBAH : LB OERK Y

100%4 .,

y in the Blood

100% at 10 minutes after injection

Percent Activit

(

60 120 180

Minutes

* Average values for 5 animals each

Fig. 2 Clearancz of *mTc MFP, PPi and - EHDP
From Blood in Normal Rabbits*

Table 1 iIc/R L7z, B, B2 18 FOEGARSY
BhRCHT A2 EHSRTR D 5 L, KBS T
EHDP, MFP, PPi iz %#h#H 0.177, 0.148,
0.135 % T, MFP i#FodlThH 7. MG
Tix EHDP, PPi, MFP DIic = #410. 183,
0.141, 0.123% & 72 b, MFP £ EHDP L » » /¢
DT ot BRISHERIC OV T R D &, [FTiR
MFP, PPiix#h*¥h 0.052, 0.080 %, EHDP
T2 0.004% THhH, fho izt L EHDP o
FANDEBIERTH - 7. X, BT PPisg
L% CHERL, 0.259% T#H - 7. MFP (3 0.139,
EHDP (2 0.067 % T# b, MFP OB~ £
PPi » 1/2, EHDP 0y 2 f&Th » 1. BEic>
WTARD &, KB, IKE & bic MFP 130.021%,
PPi1%0.030 % CRIRE TH5 DI L, EHDP
W Zh0.005 0.007% il b (Effia R L
fo. WATX, MFP, PPi & 41 0.002% CH -
fe»3, EHDP 1% 0.001 % THBE &L Vich -
fo. M TIX, MFP, PPi & 4 12 0.019 %,
EHDP i35 4472 0.007 % T#H - 1.
KICRED BBRICfx L LT LT, kg
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Fig. 3 Bone Scintigraphy

o KA Table 2 1@/x L. Mgk Tk MFP,
PPi Tz Fxh*h7.1, 7.3, EHDP (% 25.7 &iiif
—FHOH A~ 55 TH-Tc. AT EHDP 2
180.0& #%x &, Kk ¥ < MFP, PPi X% % 1167.8,
69.0CRFRE TH » 7. 8, IF, BTk EHDP
MFP, PPi DI TH - 7.

KREDO EHEHKAY AEN10% £ L T 3fD
bone seeking agents D4 H g ~DHfi% Table
3R Lie. MFP #5450 19.95+3.74 %,
PPi 29.10+4.53 %, EHDP 40.00+6.74 % T
D, MFP OF~OEFIIMhO FTL~n7eh
Yl MEHCE B OENBD LR,

49 RAOHEM : EAGY A 5R, 3k
FToORPPEY, MFP:41.6+2.7%, PPi:
42.5+6.5%, EHDP :43.9+6.9% Th h =%
MICHEBEOERD I T,

5 HRREOBLF5 7L F—FKECHHI
[& (1mCi) o MFP, PPi, EHDP ## 4.1,
Bloy vF 75 aw i+ % & EiloRadioassay

OEEN Y vF 7T 2 X I, i,
3L LBRIFAFE Y VYT 7T AL\ 2 DD,

Rabbit 3.1kg 3 hrs Post 1 mCi

Table 4 Contents* of Serum Calcium Before
and After MFP

Before MFP 6.55+1.98

Time After MFP

1 hr 5.84+1.31

2 hrs 5.87+0.62

3 hrs 6.60 =1.05

4 hrs 6.02+0.11
* meq//

EHDP (344 84, MFP, PPi Claiikiffk~
DR EHDP X b KTh 5t b 2 B
fRfR S, I, M S e, B o R
PPi 2\Mbd % X h#E Lo -7, (Fig.3)

6) MEAHIL ™ L{E: Tabled 12k3. MFP
DI A W I tc » TG » A > v AMEDYE
Bih % 2l ARG ANC e TRE I 7 8B 2 78 s -
7

4. £ £

OnTe DB - ALFERIRHED, BREF
BWNCEBRT D ENE R E . T T L BRI S
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WO BERE RIS Is - TLOKY, S fES O BWi%
XUDE LY v F 75 7 4 —DOBMIIGHIEIL R
B ELcb vz k5.

9mTe—tripolyphosphate ™ %% L3¢, Polyphos-
phate?, Pyrophosphate®, Diphosphonate? 7¢
& O Te-EE s O R X /R E, 15 HIC LR
1, HKHIBE REIhTW5.

—Ji, WHEOMERS THD 7 » RCERL,
ISF 7% bone scanning agent & L CTHWHRTE
fend, Bk EOFIBR G i b, O Te-BEgE © H
Hio X WEER~DIGREEA L. L L, SnF,
& 9"Tc L fE4 X4 scanning agent % {E5 A4
LalRE e HIFTH D, Chervu LAV FEE L T
5Y. W, 7 5% L BEE D complex & ¥"Tc¢ T
Bidk+% A& % » Amersham ¢ Radiochemical
Centre TleXthtz. B, 9"Tc-labeled mono-
fluorophosphate (MFP) Th b, EEHIZZH
%, bBETRLIELLFbh T 5 ¥ Te-pyro-
phosphate (PPi) M 0" Tc-diphosphonate (EH
DP) & Hikit+5 2 Lic X b, bone scanning
agent & L TCOFfi% Rt

b IFMOEHARL, 85% 4 &/ — LB
L= =7 m= MEC LD RS TRE
EWzb. L, Y—=R—=7se=  MEC XD
FHCIL R H 5 ERMI L TW1W 59 0T,
W7 e /574 —ICL 5Tl Ldic. £
DFER, 85% MeOH, MEK BB & & ~—-<—
7= M XBEERI VLD /ERNB ORI,
Polyphosphate Z->\~T Billinghurst (% silica
gel T85% MeOH BHD finn<—<—27r=}
X b Smearing 23 s\ fodd X ) EEHTHD &
WELTWEY. oL, #@gsre~tbr77
4 —RERETIT R VWB 2 e RMPICTE SR
LEZHOMFE I L A Bk Ve TEZ
HEB bR B P, ®"Tc-phosphate @ quality
control ZUHTICIT7s 5 7 Rt BT HRETH
59

MPrEHDr7YV7FvRLYVF 75 AOEE
RS, BROaV S ANRBLLHO
#@Y) e “waiting period” DOWRELCEETHS.

99mTc-polyphosphate ®5»% PPi X b &< (fih
WEEFENP® PPi A EHDP X h 27 V7 5
v ADEWY. MFP (38 5-% 30 4 % T, PPi,
EHDP LERBRETH -7ch, KO e &
CEZFBOMWC 2 V7 5 v ADENRZR BRI, EHDP,
PPi, MFP olliT# » EHDP 2 b HE» 1.

B 5+ 5 MFP, PPi, EHDP 03
12132:3:40KTHYH, EHDP X MFP 0 #y
2 5K TH 7. PPi (X EHDP it LIF~A®D
ERVRETHAZ LR EINTE DY,
EZLORMLFARER CTH-ch, MFP 0
FF~OHEFL PPi XV ERTH /e, FFCH
~DOHERF L, EHDP 2k {470 <, kT MFP,
PPi DIATH - 1c. BX MBI R OBERTTA LT
HZbE, & EHDP ik b B &, ®kWT
MFP, PPi OIgTHh 5.

R~ gtz MFP, PPi, EHDP & 3[R
BETHh-tc. FERODL 0 EFUNAOH
B EELLTH, & MB~OHEHLKTHD, #€
> CEMOEBRMORFIMIIFABRETH -
DEEZLRS.

LA o Radioassay O EIIFRRDOEY v F 7
FAEO TR KBS hic. My, i, M &
L ENDERB Yo &, BRITHEAAN O FER
PiountcdbEn RS2 &7c EHDP 12Eh
Tw5b2, MFP, PPi 7 L<H5 v,
WIFh L RIFeEy v 7 7 a0 bhic.

MFP 05487 EHDP X b {£3( Tt L5 PPi
EWEERENREB S hieh, 2o & Francis 5
@ inorganic phosphate & P-C-P & 122>\ T
DFF, Bl%, Hi#H A phosphatase i X H A HIC
SRINDZOREL, BEXIDEETHD L\
SHEECH MFPICd HTIEDH T EMTE B0
3 Liview. R 9mTe-Sn-F # F Gk 51,
3HFRIEIC 1) B 9 Ak Zfc Chervu B DY
CEELORE A KT S L, B, MKROHEF
MFP o findis, MoEEHRIEEA LR
BEETH -7, SnFek b {4, Fluoride ion % phos-
phate L#EEASIRLFHMN LD iz bone scan-
ning agent ABHh 5 & B35 LiX T&ig
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Fig. 4 Breast Cancer

Wi, 7y ROBEh I EERER AN LICSERD
BRNEEND L ATHS. P Te-monofluoro
phosphate @ 5 & Ak Diphosphonate
oW T kXSt [“chemisorption” O #FRIC
I b, BHLLIWMW Ehic hydroxy apatite ~OD
9nTc—phosphate DIRWVFES IO | WXL DL
HEIhDLN, GEBHYETLLIHTHS.

MFP #5icx vz h B2 &IfEH © — 21k
hypocalcemia T#H %. ¥ » MClg - T % FHEEA
Wn1/2-°4 74 (Sodium monofluorophosphate
& L 50 mg, Stannous fluoride & LC 1mg) %
i 2kg OFRE S T L L, Il Caleium fii
ZRE LSRR TR, S5 uTER R
bbbt

Ll EoRBIRNEY b L, EREEESYE
LL, fx0BERBCOWT MFPIR XY VT
757 4 —wiTlote. TOHMARBEH LD
TRETHTFETHHN, 16i% Fig. 4 \TRL1.
EHDP < ft LKA~ D B K TH D e
B D fE B X200 B MRS HA T BRI Rl S
TW5.

BROBECHHML, XEEZ DL OWMKTH
EHDP (38 CHEt 7z bone scanning agent T
HHEwwxb. LinL, MFP, PPi & & icREIRM)

H.M. Female Age 53

CHRSERLBELLDLEEZD.

5. ¥ &

1) 9" Tc-monofluorophosphate (3 %" Tc-Py-
rophosphate, 9™ Tc-diphosphonate & [F] kg, 4%
WAL THHEBRLFARE TH - 7.

2) (fithz V7 v Ak ¥ Te-diphosphorate
gL <, kT Te-pyrophosphate, 9" Te-
monofluorophosphate D[ T#H - 7z.

3 EHERL BRI, RmE I & LT
9mTe-diphosphonate 7% & KTHH, 9"Tc-
monofluorophosphate (3 **"Tc-pyrophosphate &
FIRRE D, I H 5.

) I, B~ EFIET ¥ Te-diphosphonate 73
e, kT ¥"Te-monofluorophosphate,
9nTe-pyrophosphate TH - 7c.

5) %mTc-monofluorophosphate £ 5-Rijf%iZ ¥
WL Calcium EICZETXGED bivleh -7,
6) FROFY VF 7T AMIRIFTH -1,
9mTc-diphosphonate 1L, I, B, M~0%

BreLKRTH- 1.

D KRN, BiEBREY XL LICEERBOZ

Wi b, flo> 2 f & RS THERTH -~ 1<

Presented by Medical*Online



99mTc-monofluorophosphate @& &5 135

x [

1) Subramanian G, McAfee JG: A new complex
of mTc for skeletal imaging. Radiology 99 :
192-196, 1971

2) Subramanian G, McAfee JG, Bell EG, Blair R]J,

O’Mara RE, Ralston PH: *mTc-labeled poly-

phosphate as a skeletal imaging agent. Radiology

102 © 701-704, 1972

Cohen Y, Perez R, Henry R, Bardy A, Pan-

neciere C : Utilization du pyrophosphate ‘de sodi-

um marqepar le technetium 99m dans la scinti-

graphic du sequelette. C.R. Acad. Sc. Paris t

275 Series 1719-1721, 1972

Castronovo FP, Callahan RJ: New bone scan-

ning agent . ¥mTc-labeled 1-disodium phospho-

nate. J Nucl Med 13 : 823-827, 1972

5) Chervu LR, Novich I, Blaufox MD : Fluorotec :
A new bone seeker. Radiology 107 : 435-437,
1973

6) Billinghurst MW : Chromatographic quality con-

3

~

4

—

trol of 9mTc-labeled compounds. J Nucl Med
14 : 793-797, 1973

7) Krishnamurthy GT, Huebotter RJ, Walst CF,
Taylor JR, Kehr MD, Tubis M, Blahd WH:
Kinetics of %®Tc-labeled pyrophosphate and
polyphosphate in man. J Nucl Med 16 : 109-115,
1975

8) LAkKE, FHRHEEER, |AEA Jiff: *mTc-EERY
VLB LB B vF 757 4 DKRE.  Radio-
isotopes 23 : 614-619, 1974

9) &R B, #K B, XHRK—% ' *mpyrophos-
phate, mTc-polyphosphate 35 X 08 #°mTc-EHDP
DEBMEDOHLEE. Radioisotopes 23 . 224-229,
1974

10) Francis MD, Russel RGG, Fleisch H : Diphos-
phonates inhibit formation of calcium phosphate
crystals in vitro and pathological calcification in
vivo. Science 165 : 1264-1266, 1969

11) Citrin DL . The radiopharmacology of bone scan-
ning agents. Proceedings of the First World
Congress of Nuclear Medicine 201-205, 1974

Presented by Medical*Online



136

Summary

*nTc-labeled monofluorophosphate as a skeletal imaging agent .
a comparison with pyrophosphate and diphosphonate

Tsuneji ICHIKAWA, Yasuhiko ITO, Akira MURANAKA and Tsuneo YOKOBAYASHI
Division of Nuclear Medicine, Kawasaki Medical College
Masahiro UCHIDA
Division of Pharmacy, Kawasaki Medical College Hospital
Shuji KIMURA, Yoshinari IMAJO
Division of Radiation Therapy, Kawasaki Medical College

The high affinity of trace quantities of flu-
oride ions for the hydroxyapatite crystal of
bone is well recognized. Consequently, the
development of a sodium monofluorophosphate
stannous fluoride preparation which could be
labeled with °"Tc-seemed attractive. Such a
preparation was obtained from the Radioche-
mical Center (Amersham, England) and its
performance was compared at our laboratories
with those of **"Tc-Pyrophosphate and **™Tc-
in rabbits. Studies included

chromatographic quality control, measurements

diphosphonate

of blood clearance, tissue distribution, urinary
excretion, skeletal imaging, and measurements
of the serum calcium. The percentage labeling
for **Tc-monofluorophosphate was 98 % on
paper chromatography and 85 % on thin layer
chromatography. A large fraction of the acti-
vity of the three labeled agents was cleared very
rapidly from the bloodstream ; however, slow
components of the curves were the highest for

9nTe—monofluorophosphate and lowest for

99mTc—diphosphonate. Three hours after injec-
tion 20% of the dose of **Tc-monofluorophos-
phate was taken up by bone. The correspond-
ing values of **"Tc-pyrophosphate and °*"Tc-
diphosphonate were 29.1% and 40.0% respec-
tively. Concentration ratios in bone to that in
other major organs was highest with **"Tc-
diphosphonate. Ratios were similar for both
99mTc-monofluorophosphate and " Tc-pyroph-
osphate and much lower than those of **"Tec-
diphosphonate. No significant differences were
demonstrated in urinary excretions of the three
labeled agents. Visual comparison of the scans
obtained with three compounds confirmed the
results of radioassay. All were excellent skelet-
al imaging agents, although °™Tc-diphospho-
nate appeared to be superior to the other two
mainly because of a higher target to non-
target ratio. With 50 mg of monofluorophos-
phate and 1mg of stannous fluoride, no hy-

pocalcemia was observed.
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