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Adsorption of 117msn(IV)一EDTMP on hydroxyapatite and
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Abstract some orgaⅡic phosphine8 labeled with 117msn(IV)have becn prov“1

proIllising for i眦giⅡg and paill p出liat沁n of bone tumor． In thl8 p8per，8 p’elilui—
nary investiga七ion on the ad80rption cllaracteri8tics of EDTMP(etheIenediamlne¨一
tramethykⅡ8 ph08phoric acid)labeled witll 117msn(IV)on HA(hydroxyapatIte)a}ld
couagenl aⅡd龃investiga七ion on the ad80rp“on mcchanism of 117msn(IV)一EDTMP
0n HA was presented
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1 INTRoDUCTIoN

St孤Imm is one of the necess甜y elements fbr life．And sorne stan血ferous organjc

compounds can resist growth ofbacteria，thou出the mech莉sm of this action isn’t known
vet．【1】117mSn with or without caITier，which can be produced through such reactions as

116sn(n，1)117msn，116cd(n，3n)117msn and 115In(a，pn+d)117msn，(2】has a halfbfb of 13 6

davs with the iIuler converted electron enerZy of 129keV and 155keV 117mSn labeled

coⅢpollIlds have attracted great attention receIItly in that they may weU break throu曲

mmow depression reslllted丘om 89Sr while maintai工ling，even surpassmg，its hi曲uptake
in ibnormal bone with a br强d new way—moderate energy iImer coⅡverted electron H

Researclles of 117mSn in recent”ars have focused on 117mSn．DTPA【4一引，on the properties

in“uo or口i￡7曰and on the mechanism of bone adsorption and bone uptake DTPA itself

“n’t osteoph止c so that 153Sm．DTPA with lligh conjugation constant can’t concen”ate

缸bone while being rapidly removed☆om blood．hI comparison，EDTMP has hj曲bone

af丑丑ity so that 153Sm．EDTMP shaws fav。rable emcts in bone imaging aIId therapy．With

respect t。the Mgh osteophjhcity 0f 117mSn as weⅡas 153Sm，117mSn．EDTMP may weⅡ

show the same 0r better applicatioⅡprospects than those of 153Sm_EDTMP and 11’7ⅢSn—

DTPA，Therefore，we gave a prenⅡ血ary investigation on the adsorption charactenstlcs
aIld adsorption mechanism ofⅢhSn．EDTMP on bone modeI incIudiilg HA and coIJagen
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2．1 Materials

90

i17mSn was supplied by the Chinese Institute of Isotopes，117mSn—EDTMP was pre—

pared in our 1aboratory with 99 percent plus of radioactive purity．CoⅡagen was suPplied

by Sigma and HA with spec近c area of 87．6m2／g by Shanghai Biocllenlic“Company
Other agents were of reageILt grade

2．2 Adsorption of complex on HA and collagen

Portions of HA and coUagen Were wei曲ed into centrim叫tubes，where aqueous
sohltion of 117msn(IV)and 117msn(IV)一EDTMP with given pH values were added Then
the tubes were placed洫oscmator at a certain temperatllre for a百ven range of time The

oscmated Inixtllre w髓then ceⅡtrifhged tiⅡthe upper solution became transparent Tll8

measIlreⅡlent method was the same as that for adsorption of 153Sm．EDTMP on HA[。】

2．3 AdsorDtion of EDTMP on HA

The adsorption quantity ofEDTMP on HA had been researclIed throu曲14C labeled
EDTMP．【10J Anoth盱method for calculatiⅡg the adsorption quantity of EDTMP on HA

was created here In K gram HA whjcll had been satllrated with曰m01e of 117mSn(IV)．

EDTMP，A gram of contr01 HA was added in，wh盯e aqueous s01ution of e mole of

EDTMP was then added．When adsorption eq血hbrium was reached，the desorption

quantity collld be calculated as D mole with the s啪e method as that for desorption of
153Sm．EDTM卫丘om HA．

Then z rnole，the adsorption quaIltity ofEDTMP on HA cotlld be caJculated through

the folIowinZ equation：

D／Ⅳ={e+曰一(A+K)z)／(A+K)

2．4 Extraction of complex矗om preloaded HA and collagen

After 117mSn(IV)一EDTMP has adsorbed on HA aIld couagen，the upper s01ution

was totaUy remDved from the centrifugal tubes，where saliILe and aqueous solution of

EDTMP were added． Then the same procedure as in adsorption was conducted The

desorPtidn percentage coIlld be calclllated with the same method船that for desorption

of 153Sm—EDTM，from HA．f9】

3 RESUITS AND DISCUSSIoN

3．1 Adsorption of 117msn(IV)and 117msn(IV)-EDTMP on HA

The adsorption of 117msn(IV)and 117msn(IV)-EDTMP on HA under the condl‘

tion of pⅡ=7 aIld at 37土0．5。C was investigated． The adsorption eqllilibrium and the

adsorption quaIltity are mustrated in Fig．1 aIId Fig 2 It shows that 117msn(IV)and

117mSn(IV)．EDTMP adsorb on HA very rapidl y'and the adsorption p盯centage reach 95
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percent证2 m血．117mSn(IV)adsorbs more rapidly and the adsorptioⅡis unear in a wlde

range of concentration．儿吼Sn(IV卜EDTMP adsorbs lillearly when the concentration ls

less than 60 pmol／量HA．Then the adsorptjon deviated from liIle缸one，but stiⅡincrease

豇肚mc衄tly wjth increase jn the coⅡceⅡtTation．Adsorptjon of EDTMP on HA shows
the rem缸kabk kmgⅢ町type．According to mono-1ayer adsorption model，the aver89e
s11rface area of HA fbr a siIIde rrlolecular of 117mSn(IVl．EDTMP was about 2．4Iun2 be—

fbre the deviation，wlIile decreased to 0．3 nm2 when the concentration was f甜bevond the

de“ation口oint．Wi妇respect to№e moleclilaf sec￡jon area of EDTMPp，川，whjch had

been coⅡsidered as 1 nm2，it co咀ld be concluded as fbUows：I丑the hear stage，what’s ad。
sorbed was the whole labeled conlplex．In the deviation stage，there was a contradictlon

betweeⅡ1imited s11rface area姐d high bone a茄njty of 117mSn(IV)．when the suface area

h鹅been satIlrated With a monola”r of mhSnfIV)．EDTMP，later．reached 117mSnfIv)一
EDTMP prob“1y tr孤sconjugated with HA．In the deviation stage，therefore，whatls
adsorbed might WeU hclude both the labeled complex and free 117mSn(Iv)dissociated

丘om complex．h fact，缸organic crystal 0f humaJl bone has Very large specmc surface

area丘om 64m2／g to 200mo／g so that the total s11rface area 0finorgaIlic bone cryst“for
a mall weighing 70 kg s唧as8es 100 acres．111J Though the e豇stence of organjc couagen
will Ereatly decrease the e髓ctive sllrface，several Uters of body nuid wiU stiⅡcover sev—

eral acres ofb。ne crystal．The纠verage dosage of 117msn(IV)-EDTMP for a m姐is about

22×10
7
Bq，Whidl will be diluted by large amount ofbody丑血d，so it c。uld be considered

that the adsorption of
1l msn(IV)·EDTMP on洫organic crystal 0f human bone is m the

unear stAge．

Fig．1 The adso。ption equilibrium of

117mSn(IV)and 117mSn．EDTMP on HA

To纽fqu翮t}竹(Hmou口HA)

Fig．2 The adsorption quantity of EDTMP

117mSn(IV)and 117mSll—IV—EDTMP(ⅢHA
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3．2 Adsorption of 117msn(IV)-EDTMP onⅡA under di如rent pH

The e艉ct ofpH oⅡadsorption of 117mSn(IVl．EDTMP on HA under the condition of

480肛Inol／EHA at 37士0．5。C is showⅡin Fig．3．It co札1d be explained that the adsorption

of儿7mSn江V)．EDTM=P on HA h船close relationsMp with electric attraction．HA，whose

point of zer。ch酣ge stands at pH=8．6，111 J talce positive charge in acidic enVironment．

JThe more acidic Ule solution诂，tl啦Ⅱ吣re positive ch越ge HA t出沱s，and U他stTongeT the

attraction betwe甑HA and 117mSⅡ(Ⅳ)-EDTMP，the larEer adsorption qualltity becomes．
When pH stands at ab01lt 8，1ittk adsorption takes place．Because theⅡlicro—envlroment
arouⅡd abnormal bone w酗reported acidic【1⋯，thjs is a very favorabl8 property f0T en—

hancing the t甜get orientation．It needs f证ther血vestigation why adsorption quantity m

basic sohLtion is larEer than that at about zero dl觚互e point．

Fig．3 The efE；ct of pH on the ad80rption of

117msn(IV)一EDTMP on HA

3．3 Adsorption of 117msn(Ⅳ)-
EDTMP onⅡA under di圩brent

temperature

The eff套ct of tenlDerature 0n

adsorption of 117msn(IV)-EDTMP
on HA und盯 the condition of

120 pm01／g HA at pH=7 is shown

in FiE．4． Increase i工l teznperature

efrects sHghtly the ads。rption of

117mSnrIV、．EDTMP on HA．With．m

the body temperature raIlge be·

tween 37。C孤d 39。C，temperature
has no e矗毛ct on the adsorDtioIl

T(。C)

Fig．4 The effcct of tcmperature on the

adsorption of 117mS(IV)一EDTMP on HA

Fig．5 The desorption of 117mSn(IVJ aIlf】

117mSn(IV)一EDTMP from HA with EDTMP
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3．4 Extraction of co皿lpkx from preloaded HA

Vf】l 13

Extraction of complex with EDTMP from preloaded HA is shown ln Fi臣5 Des—

orption percentage with concentrated solution of EDTMP c011ld reach 17．7 and 12 6

fbr 117msn(IV)aⅡd 117msn(Iv)．EDTMP respectively． Extraction of 117msn(Iv)a肌d
Ⅲmsn(Ⅳ)一EDTMP from HA With saIine is very d蠲cll工t，and the desorption percentage
is 2．75锄d 3．01 for u7mSn(IV)姐d 117msn(Iv)．EDTMP respectively． Generallv、the
adsorbed 117msn(Ⅳ)aILd 117msn(Iv)．EDTMP on HA are comp盯atively stab】e，whjch
ensllres a long reteIItion time aIId high uptake of 117mSn(Iv)姐d 117msn(Ivl一EDTMP
on bone．

3．5 Adsorption of 117msn(IV)and n7msn(IV)．EDTMP on collagen

Couagen，existiIlg extensively iIl bone and on bone s11rface，constitutes the main

0rganic material of bone，especially the prim缸y material 0f periostellIll．Therefore，col—

lagen natllrally plays an iⅡlport孤t role in ion exchange and adsorption on bone Though
it’s weⅡknown that coUagen龋毛cts adsorption on bone，previous researches just took
HA as the oIIly material of bone model In thjs work，the adsorption of¨7mSnfIVl
alld 117ms丑(Iv)-EDTMP on c。Ⅱagen was also investjgated．Adsorption eq词jbrjuHl and
ads唧tion quantity of卅msn(Ⅳ)and 117msn(IV)．EDTMP on coHagen under the con—
dition of pH=2 and at 37士0．5。C are shown in Fig 6 and Fig 7．They iUustrate difrerent

adsorptjon characte“s￡ics of 117mSn(Iv)奇om those of 117msnfIv卜EDTMP on c01Jagen

Firstly，n7msn(Ⅳ)adsorbs rapidly whjle 117msn(IV)一EDTMP rather slowly secondly，
the adsorption percentage for

u
7msn(IV)comd be no more than 40 percent，even af

ter adsorbing fbr 16 hollrs，while that for 117msn(Iv)一EDTMP collld reaCll 90 percent

Thirdly，adsorption of 11了msn(IV)一功TMP 0n coⅡagen is liIle对in the studied concen-
tration range，wlIile that of

u
7msn(IV)deviated obviously from line缸one in high coIl—

centration AU the above tllree characteristics of adsorption on coUagen are contrary to

those on HA．

O
O 2 04 06 O 8 1．O 1 2 1 4 15 16

f(h)

Fig．B The adsorption。quilibrium of

117msⅡ(IV)and 117msn(IV)一EDTMP
on c01lagen

To阻I quanU婶(“n101)

Fig．7 The ad80rption quanmy of
117

nlsll(IV

and 11抽Sn(IV)．EDTMP on co儿扎耻n
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3．6 Adsorpt诂n of 117msn(IV)and 117msn(IV)-EDTMP on couagen under dif_
fbrent pH

The efrect of pH on adsorption of¨7ⅡxSn(IV)and 117mSn(Iv)一EDTMP on conageTl

under the con出tion of 120 prnol／g coⅡagen at 37土0．50C f0T 45min is shown in Fjg 7

With si血larity to adsorption on HA，pH窜eatly掰ects adsorption on coUagen and

acidic enviroI皿ent is more favorable for adsorption than basic one When tho pH value
is above 10，almost no adsorption takes place．This property is also favorable with regards

to the reDorted acidic Injcro-enviro衄ent aTound abnormal bone．【1 2』

3．7 Adsorption of 117msn(IV)-EDTMP on collagen under di艉rent tempera。
ture

The e＆ct of temperatllre on adsorption of 11恤sn(IV)一EDTMP on couagen uIIder

the conditioⅡof 30 pmol／g couagen at pH=7 is shorwn in Fig 8 Increase in temperature

e艉cts sughtly the adsorption of 117msn(Ⅳ)一EDTMP。n conagen．

2 4 6

Fig．8 The e舶ct of pH on the adsorption of

117msn(IV)and 117msn(IV)一EDTMP
on coUage“

T(。C)

Fig．9 The e舶ct of tempcraturc 011 t11L

adso。ption of 117msn(IV)一EDTMP

3．8 Extraction of co唧lex&om preloaded collagen

oⅡc01lagen

The comparison of des唧tion percentage of 117Ⅱ1sn(Ⅳ)and 117msn(IV)一EDTMP
from coU醒en and from HA with sahe and solution of EDTMP is shown in Tab 1

117mSn(Ⅳ)aIld 117mSn(IV)．EDTMP adsorbed on couagen are much more stable than

thoseonHA，andUttkofthem c011ldbe extracted在omcoUagen，especiallyfor¨““sn(IV)

EDTMP．Therefore，it c。11ldbe estinlated that adsorpcion ofll71“sn(IV)and儿h“sn(IV)一
EDTMP oⅡcouagen shouldbe a rate．contr01lillg aⅡd quantity—hI工lit血g pTocedIlre for the

whole process of adsoI_ption on bone．
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Thble 1 The compari80n of desorption from HA a11d collagcll

Voll3

De蚰rption sy8tem Desorption percent89e(％)——————————————————1“唔丽丽———_兀5面面币面币矿
6．25×10一mol EDTMP屈lIA 7 3 8．2

6．25×10一‘mol EDTMP，|conaEen 1．58 0．08

9％Na(丑．HA 2．75 3．0l

9％NaCkcoU醒en 0．85 0 16

4 CoNCLUSIoN

011r studies about the adsorption 0f 117msn(IV)．EDTMP on HA and coⅡagen wiu

be r蛆dered to缸吨her investigation on the mechanjsm o“ts bone uptake
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