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Effect of Antioxidants on the Preparation of *"Tc-MDP
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To imprave the quality of **"Tc-methylenediphonate (**™Tc-MDP) for skeletal imaging, different
composed *™T¢-MDP complexes were prepared with addition of antioxidants such as ascorbic acid,
getisic acid, and p-aminobenzoic acid. To characterize the different *"Tc-MDP preparations, some
physical and biochemical properties of **™Tc-MDP such as thermal stability, lipophilicity and bin-
dability to serum protein were studied and organ distribution pattern of these complexes also
compared. The thermal stabilities of **"Tc-MDP contained antioxidants were dependant mainly on
pH, temperature, and elapsed time after the preparation. *™Tc-MDP complex contained gentisic acid
as antioxidant was extremely unstable at alkaline condition. The most stable

#mTc-MDP was found in the presence of p-aminobenzoic acid. **™Tc-MDP complexes with antiox-
idants were very lipophilic but lipophilicity differences in antioxidants were not observed. The
bindability of *™Tc-MDP te serum protein was not affect at pH 5.0~9.0 by the different antiox-
idants. However, protein binding percentage of

#mTe.MDP with ascorbic acid was relatively low (22.7%) at pH 9.0. In biodistribution studies in
mice, bone to muscle ratios of ***Tc-MDPp preparations containing ascorbic acid, gentisic acid, and
p-aminobenzoic acid were 15.3, 24.5, and 30.1, respectively. Im to our results, p-aminobenzoic acid is
fond to be the most promising antioxidant.
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35524 pyrophosphate, hydroxyethylenediphos-
phonate (HEDP), methylenediphosponate (MDP),
hydroxydi-methylenediphosphonate (HMDP) %
o] *onTc T 8H3H-E5o] AL3= A, o & *"Tc 2
59 34 ¢, E(bone)oll B3t A= (soft tissue)
o v, »ufAdg ol A wlmzFE *"Tc-MDP
% “"Tc-HMDP7H 4o 95, =i
HMDP®| 7% 584 g4sbgel wlad wdolas,
MDPel| ula Ak wio] o3l calluse] ¥7} Easicle
@A) **mTc-MDP7} 714 2aid o2 Alg5
2 g}, zefyt o] #nTe-MDP& 2HEatA Al o] wla™]
a2 Eate] Alzdel utel wo dig FAgo] otz
o, ol o fAdezH Azl weh Az o
£ *nTc Z-Eo| YA 7| Wi, =3 2-Eo] YA
7]l A SR ol=ge e YL =Holer) 43545 o Te
(hyrolyzed-reduced *™Tc, HR-*mTc)¢] & Ado] ulsj
29log ¥E RaE Qop, zej} ol&AsA olof of
e g ARz gow oFA e #nTc-MDP= o]
W A4AE b IS #ElE] Hste] #nTe-
MDP o4 #mTce] Abstalel®, d3jchdzdste] A
59, tricalciumphosphate ol ¢] F&&7, AL3lul=] A
Hrrash 9l s A7 ASHa gle Aol

wpebA] B ool A= AbshukA{ Al 2.4 ascorbic acid,
gentisic acid, p-aminobenzoic acid 58 Al #3dlo] o}
Eol #71e *"Te-MDP &5 9hEa o ¢ Aty
4, A4 (lipophilicity), 3l ¥AzhdAdxe] AgF
59 AAE 28R AP TRl YAFEE} o
AANZDLZA 543 *nTc-MDP A|2E g AH&
wted 27 Ak

=
A 5o
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Methylenediphosphonic acid (MDP): Fluka
L-Ascorbic acid: Sigma
Gentisic acid: Sigma
. .p-Aminobenzoic acid: Sigma
. Stannous chloride: 99.999%, Aldrich
-Sodium pertechnetate (Na**"TcO,): KAERI
AI_: gas: 99.9%, Dong-gin Gas
Filter membrane: 0.2 gm, Nuclepore

ITLC-SG (instant thin layer chromatography-silica
gel): Gelman Science

Gamma Counter: Well type, Polyspec Research
Spectrometer, Baird Atomic

Freeze dryer: Labconco Model 5 equipped with Vac-
stop apparutus

Centrifuge: Sorvall RC-5B, Dupont Instruments

~ Bio-Freezer: Forma Scientific
pH meter: Orion Research

Animal whole body counter: Aloka
2. 49§

1) Astubxixz H7HEl ©"Te-MDP2] HIE

4} 81wk %] A (L-ascorbic acid, getisic acid, p-
aminobenzoic acid & &7}#) 100mg3 MDP 500
mg< Ar 234 oF 35mlel] 5 ch(Ad), of=f Ab3hut
AA 7 57 & AFolE A3 NaOH £542 713}
o] =¢ic}, Stannous chloride 125 mg3- A& 44l 0.3
mlol] Zo]3 Ar 2452 25ml A 4% F 0.2 pm
A gut-g AEsle] o 3t eh(BA), A Aol Bey
3mle 7}8 o2 pH 7.05A =d3dx, Al F7
50 ml 57 Ar #A42 343t 0.2 pgm AFH4HE A
$35le] of7sigiel, o|= &9 HA-E pH 3.0, 6.0,
9.0, 11.00] A zAdd = A3t of A< 10
ml S2julolate] 1mlH &%83 Na®™TcO, 48l
0.1ml% 78] 5] A3}t

2) *nTe EX|+8 W LAl EH =5 HA

omTc.MDP 324§ 4 A|ZH7d o] vt whabslet
A ¢x7AolE acetoned AL 2 g FolaZm}
B s s A2 A4 (saline)E AANEHE I
ITLC-SG Z&wt® 1|9 A 7} AH-&= 3o

3) dotEM A

ALshulz) A (ascorbic acid, getisic acid, p-amino-
benzoic acid = 7)) Z7] o& J4 (pH 5.7, 9)
o4 Alzg *"Tc-MDPE 4°C, 37°C, 60°C Soll4 &
L5234 1417, 3A17L, 6417 ZHA ez o WAkt
A ¢£x& MDPS *"Tc $x|4& A4 H&H
azvieadgsugor Ao 24 Zp7te] At
< vlasgd,

4) *"Tc-MDP2| gt Zate| Zels ZH

7185 WYl wa Az oE AR ACE At
5 omTc-MDP 59 83 w4z ZE5S AA3)
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¥ 3mlel n-octanol 3mlE 7}aled 37°CollA] 603 &
ot ALFASH A BEo] Fol B frlF0] 2
ol % sloin, ALfxsl Bl ohg 303 Eob Al
off WAgle] &3 fr|Eo] AAd Fe=A ¥ F 7
Foll A 50 A4S FAshed Zzbe) WabeS ASsch
Frl Aol e FEAZ) WALE W E FAY B
2L th 432 3 5)ked lipophilicty 2 velWlglc),

6) 5 M4¥

A5 25~30grel ICRA A # o] 2] A Hof 9mTc.
MDP 5= 100 pl& FA5t A et 3417k 74 213 ani-
mal whole body counter® A wlAl%(T)E A3

, Ao AEL A2 3 7L

Al

AED e A s beg
= X
=3 [

Table Lo A B3 viof 2ol pH 5~99f Wl Aie
ascorbic acid, gentisic acid, p-aminobenzoic acid®
% ol AShA A% shetelebe MDPe| “nTc £
4% AeAelgds, 2ejy pH 35 119
3} 47he] 2ol A E SR A Mol wE woT
A4g2 Wizl Bk Ascorbic acidel
pH 37 1164 *mTc(VID 7} SnClyoll 2] 8}ed

H] 77 ARA

Tc %
A%
el

Effect of Antioxidants on the Preparation of *"Tc-MDP—

o1} MDP# Bx|=x] ¢z *mTce} F2ej=f
]__‘_1:_ 733001 2o Ei o]—O% 9omTe _z_X‘ 4 7L/—§i Ak
o] ™A= gl om, gentisic acid®} p-aminobenzoic
acid.J 7% pH 114 Zg7telz2lelA 2 *"Tc 4]
La 63.4%2k 61.4% %A 1A SnCl9f Abs
11 0}5] A 2 o] E-7ke] Aol
T olike} A% Fshd pH 5~9
Wl e A7 3FF o= ASMUAAE A v)e)
DP&} #*"Tc ¥ 2 +& o) o] A} ¥k}
4 ¢ 2@ 4 nd e w9 pH
2AL HA 9T EA2A0E 4G 5 o}
smTc.MDP7} Qlalel 57 % FAshe FAALE
283 pH 7 F8 Az Azdtes Aol &
el 7o g AAdic}

Kroesbergens'9< pH 4~1()3] H o4 pH # 3}
of @2 MDPY] *"Tc 3 x]4& H3E 4 a 2ol
o5tg, pH S7tell wel 2 X80 345l pH
109] &7loll Al o Te oke] T 7L A& dofuix] Y=
319k olok 7 WAL Alspul| A7} A obE A
olo Aslz slAdzich AL A7} drbel, 319
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Table 1. Labelling Percentage of MDP kit* with *™T¢ as
a Function of Antioxidants and pH
Antioxidents pH P‘:;Tti;gi
3.0 31.0
5.0 100
Ascorbic acid 7.0 100
9.0 100
11.0 13.6
3.0 98.7
5.0 100
Gentisic acid 7.0 100
9.0 100
11.0 63.4
3.0 97.9
5.0 100
p- Aminobenzoic acid 7.0 100
9.0 100
11.0 61.4

* The vial contained 10mg MDP, 0.3mg SnCl, and
2mg antioxidents.
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Fol & Ades, ddtdeoz 94 derRAAE A
A BAE G4 F43A A= Fd2 FFs= MDP

A2 o ARSEA AR A7t ARG T Te-
MDP &¢} 9et3 A4S 2413517 fl5le] 2AL 5, pH,
A7 AR 7 5o wslol Wi AbstetE ¢ 8 A A5
=} (Table 2-4),

Table 2 oj4] 8= ule} zke| ascorbic acidzt AF3hu}t
AAZ #7td 734 pH 5-99) HHolA *Tc.MDPE
ulad qbsled 37°CR 6A]ZH-EoF Balslrjels 2 o
Agtetd L 100% JEE A A=
60°CZ B3 7ol & 34 7H45 Na®"TcO,7} f-2)
Hol vi2 v d4ol A= 9w dl pHA So1E5 &
Bl¥lo] v} = Na*"Tc0,9 o] F71=9ler} pH 9
2 6A17E Rty s 2ok 4.5%8t] =A@
o} ascorbic acid7} *"Tc-MDP9| d<tAA 45 4
M= - YL Falsgivch Table 32| Aol B

= nlo} 7bo] gentisic acidZ} 712 7 $o)E ascor-

bic acid ol Aj 9} v]%3t HAbe] A g o}, pHe 2

=7} 37484% “"TcMDPe] A3t ¢t @

Table 2. Thermal Stability* of *"Tc-MDP Preparations
with Ascorbic Acid as Antioxidants

8] =%t} 53 pH 99 ofdvle] =274 & 60°
CZ 6A17b52t Baslw *mTc-MDP2] 79 dl3io]
Na*"TcO,2 W& = ek, =2} p-aminobenzoic
acidz} 4F3hukA] A 2 H7beE 79 (Table 4) ol & ascor-
bic acid®} gentisic acid |4 #A=UW pH Y 2%
Z7toll wpE 9mTc-MDPe| wiAlshatA £x Zads
o] A3 vekba ghskeh, pH 92 A28 *"Tc-MDP
ol M5 60°CE 64 7H-5at Babsted = 99% ol4+e] #HAt
33" £x 2 Bo p-aminobenzoic acid’} ™ Tc-
MDP¢] dardAE #A 3 dlelw 713 aaxql

Table 3. Thermal Stability* of **"Tc-MDP Preparations
with Gentisic Acid as Antioxidants

Elapsed Time
Temperature pH

Thr 3hr 6hr

5.0 100 100 100

4°C 7.0 100 100 100

9.0 100 100 100

50 100 100 100
37°C 7.0 100 100 99.6
9.0 100 99.5 97.7
5.0 100 99.8 98.6
60°C 7.0 100 98.1 7.7
9.0 75.4 18.7 0.7

* Expressed in radiochemical purity (%).

Table 4. Thermal Stability* of **"Tc-MDP Preparations
with p-Aminobenzoic Acid as Antioxidants

E . .
Temperature pH lapsed Time Temperature pH Elapsed Time
Thr 3hr 6hr Thr 3hr 6hr
5.0 100 100 100 5.0 100 100 100
4°C 7.0 100 100 100 . 4°C 7.0 100 160 100
9.0 100 100 100 9.0 100 100 100
5.0 100 100 100 5.0 100 100 99.8
37°C 7.0 100 100 99.8 37°C 7.0 100 100 99.7
9.0 99.9 99.6 99.5 9.0 100 100 100
5.0 100 99.0 98.6 5.0 100 100 99.9
60°C 7.0 100 98.0 97.7 60°C 7.0 100 100 99.5
9.0 99.2 98.3 95.5 9.0 100 99.9 99.0

* Expressed in radiochemical purity {%).

* Expressed in radiochemical purity (%).
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Table 5. Protein Binding Percentage* of ***T¢-MDP Pre-
paration with Different Antioxidants

H
Antioxidants P
5.0 7.0 9.0
Ascorbic Acid 47.1 47.5 22,7
Gentisic Acid 45.2 50.9 53.0

p- Aminobenzoic Acid 49.7 47.2 456

* Determined by precipitation method using 30% tri-
chloroacetic acid solution.

A Bl sgle ol4hel AR F el T
MDP9] datAA F215 98 tA4 3 £33+ p-amino-
benzoic acid, ascorbic acid, gentisic acid &£ 2. & %

% HAG 4 Yo,
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3. Aol Zets

AR o Al A &
MDPe] E£4-¢
Hl;{] zﬂ =] 7]-04

A 7pslod A= *¥mTc-

o} AdA ez AlLs)

171 $13}od 30% trichlor-
s

o

TEAE
3¢S 71
oacetic acid g-gHol| 9

ol m&

=4

ool S¢ PAE A gatel Wy
WAzt A5 ARSI,

Table 5 0] 4] B uv}8} 7o} ascorbic acidE A 713}
of Az *"Tc-MDP9 Axniala Adtzo pH
5~79] Wl A& Abol7} glot pH 9oliAlE= 22.7%

A

m\é

+ ascorbic acid o4} w5 &= H A,
pH F7toll wtel mTc-MDPe| &4 st d 435
478 woch olAle] AalE Fghslw, Alskub
of pH F7lol et A g5 Ak ok,
o] A2 Z3tslad, AbSFuER| Aok pH H 3of 9] & 2}o]
+ 9o pH 9°l] ascorbic acid& # 7}sle] Az
3 *mTc-MDPE A 9jstn, A5 zpo|& 22 %%
own], 2 W3} W 45.2~53.0% 24 Feld A
#2375 o2l ek, o9 L *"Tc.MDPY| @3
Wdol e AREe Jw® F, 4%, 33%,
8% & Erbe ¥ 7% Rolx 9o,
*MTc-MDPE Aol Fodstmd 34] 7k o] o]
o oF 10%7F S83) AR Gepo,
Tt 28 etel Ajte] 2A4-4= urinary excretionz}
%7}5]o] bone/soft tissue ¥|7} F7}Hc}h

ijg
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o
ox

rV1 rulo &"
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Folz

A el =
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7. O
FHAA g0

¥ Te-MDP Al 2 ] A3 A 3 7} g —

tob, whaba] 9mTe-MDPe] AW shil A A gk o
AgolA 1 Ads AHE
9 3 trichloroacetic acid (TCA), ammonium sul-

fate, uranylacetate, alcohol, perchloric acid 58 A}

$ale AAM I} Aoinp whdl So] &dedA Qleh, e}
Az oy Eg AAE ol A5 alel 2pr} Al

bl
A 2APR o 24

N

{ﬂ,

T ko], 2+ Azl disiA® alcoholZ HAH ol

10.3%°]+} ammonium sulfateol] ]3]
il =l A3 l;LO:] 5‘_15)

98%9
3| 21 o] 27k e Ao A} chul Al A
T2 TdzAA sy oz vlwd ool g3 v
AdolA 30% TCA # o
A AR5 pH T =7
ol A H7l= Abzhulx] A) p-ammobenzmc acid, ascor-
bic acid, gentisic acid =22 1 Zro] ZrA=ic} o]
e Azt Alols iR AEH o™ oy w4
2 *nTc.MDPe| #AtalAd ) Agfsol 74 o]
bone/soft tissue ¥|7} $7}8 Ao g Eri

4. Lipophilicity

A2 obE Ak Al E A obete] Alz" *mTc-MDP
9] lipophilicityE Z&AF8}7] 93le] #*mTc-MDPe| 4-¢&
AZ 3 71&% (n-octanol) ol wdk Heiw]9] log Fto]
ascorbic acid, gentisic acid,-p-aminobenzoic acid 5-
AN A A7 2.7, 2.7, -2.6284 o A%
€ % A44 *"Te-MDP7} Aol ats]glon
15708 Rl glsinh, A A E9 oz7ix &
A% lipophilicity<= AW chAFEA 9] 4H-8-7] 4 (mecha-
nism) & A93 4 9= 3§ 29l o g 4] ulapa] o] ek o]
Azue] AR o]§-" ¢}, Lipophilicity 7}
2 7% T 2hEo] §-7] A2 (lipoidal membrane)-2-
Ested AT Aol Alesitin IO, wiebA £
Ao A AzH 9"Tc-MDPE ol Aol Zog
lipophilicity 71 deol 93t =& *omTc 2] 2127

& 4ralrl e olaivha o,

[+

Aol

5. 88

>
o

ICRA A% AYF5ES § *"Tc-MDP Ashu
A A A7lol| o3l AAEEAYE +35t] Table 63}
2 ANE A

wuTc. MDPe] TAo) gt AF-E (% dose per

gram tissue)2 AFS}E| A 24 gentisic acid?} 7}
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Table 6. Biodistribution of **Tc-MDP Preparations
with Different Antioxidants in Mice at 3Hrs
after §.V. Injection

% Dose Per Gram Tissue*

Organ
Ascorbic Gentisic *
Acid Acid  PABA*
Liver 3.7+0.3 2.0+0.4 2.120,2
Stomach 4.9+0.9 2.320.5 1.2%0.1
Bone 21.541.4 28.0+1.1 27.1+4,5
Blood 2.320.6 1.810.2 1.7+0.0
Muscle 1.420.3 1.1120.1 0.9+0.1
Bone/Blood 9.3 15.5 15.9
Bone/Muscle 153 24.5 30.1

* Mean + SD for 3 animals in each measurement.
** p-aminobenzoic acid.

2 75 743 E9ker] (28.0), ascorbic acidst W71
3% 7 wgkeh(21.5). p-Aminobenzoic acidzb A
71 7% #mTc-MDPe] 243 £o| 27.12 gentisic
acid’} H7EE wiel & zolr} gloh, =d @
(blood) ¥} 2§ (muscle) ol #1& *"Tc-MDP2] #A&
o] p-aminobenzoic acid, gentisic acid, ascorbic acid
£02 Zr1sEe 94L 29 Bone/soft tissue V]
o AAA 43E v]x+& bone/bloode} bone/muscle
o u] w3 oke] Mo} ALE 2oz Zrlsiodg
ol e Al *mTc-MDP H 2% 3l Abshu=| A2
4 p-aminobenzoci caid’} 7} 9432 uledic)
71 B F F & of 9 3} =9, gentisic acid & p-amino-
benzoic acide] w] @A o4 #9mTc.MDP 4| 25 3]
A& gentisic acid”} %43 Az Alglan gl
Gentisic acide] 7% v]m4 ol 93k Lol #A A
Z2A AAAANE Lo]5tA &= udd p-
aminobenzoic acid®] ¢ gentisic acid Bt} 77}
2] Aol A L3l 7} 715 ske] A=A 2 E Foyr) 2 7
t}, MDP$} p-aminobenzoic acidg pH 5.0 A9 &4
Lol Hof A|lzdH #mTc TR dbgoll 4] 9T Z 2
ol FAURA aFfHel, g AFAEp
aminobenzoic acid7} #7}5 *"Tc.MDP~} gentisic
acid’} A7bd 721 234 go| gled noge d
A-g " Te-MDP A 24 FAH 9nTC F2 0|z 7]
Qe Aoz &4 3tdct, AEHe EAAGAT
& #mTc-MDPS] A3hubzlA] H7to] ¢4t bone/soft

tissue ®] AT} " Tc :?LX]‘F*%, dotdA, #4
% A #A7 e Aoz v,
WA Aghgol AL4E o

~

2
4ol 242 94
T BAY 4

1M
rh

1) pH 5-92] #9%jel4 MDP 10 mg, SnCl, 0.3 mg,
F3lakx) A 2mg, 50mCi(2ml)o]dte] Na**"TcO, &

>

iy Iy
+ AEE AP 8%l #rTe IAFEES A&
+ 93,

2) ¥l ke 271 (pH, 5)olA & AR A

ascorbic acid, gentisic acid, p-aminobenzoic acid &
7ke] AP A Avhs zfo| g Holx] ol BF AL
Asee @ 4 gglorh pHOA Az #nTe
MDP=E- 60°CollA] 647 5213t 79 gentisic acid &
7holl 93k dotAA Bl 7l Er] o ek

3) pH 9oll4 ascorbic acid® H7}sle] A28} smTe.
MDP2] 7% FAbd Aol oF 28%2 RolA &

Ag Astie pH 5994 o=7tx] Akt WA A
A7 slviztE 46~53%2] viad ¥ Aty Ag
B2 29

4 Az & ASPERAE

257 AR

AHg3 **mTc-MDP#|
235 nglo,

lipophilicity+ A4

o] Zeh

5) Ascorbic acid, gentisic acid, p-aminobenzoic
acid 5o 27 #7}5l *"Tc-MDP] 5243 23 2
dkalo] bone/muscle Bl 7Z+7F 15.3, 24.5, 30.1%
4 p-aminobenzoic acid’} &zkEQl ArglA|gle] Bl
=
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