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Yttriun-90 labelled compound for radiation synovectomy

Angkanan Aungurarat, Moleephan Dangprasert and Sudkanung Phumkem
Radioisotope center, Thailand Institute of Nuclear Technology (TINT), Bangkok 10900 Thailand

Tel : 0-2579-5230 ext. 5611  Fax : 0-2579-9560 Email : angkanan@oaep.go.th
Abstract

*Y-Citrate Colloid compound prepared from this study comprises radioisotope
active Y (emitting 2.25 MeV beta particle, with a half life of 2.67 days and a penetration range
in tissue of 11.0 mm) and a labelled ligand, which in this case is citrate. From the study of the
effects of various factors on the preparation method,the results show that the prepared *Y-Citrate
Colloid compound has the following properties; radiochemical purity = 95.00 %, stability = 15
days, %leakage from joint = 0.07-2.70 (1,3, and 6 day after injection) , pH = 5.5-7.0, mole
ratio(oOY:Citrate )= 3:1 .The compound is also non-toxic, pyrogen free and sterile. Moreover, the
compound is milky and colloidal.The last two properties make it possible for the compound to
disperse through all of the inflamed synovium,hence resulting in a better therapeutic efficiency.
Key words : Rheumatoid, Citrate colloid, Radiation synovectomy, Radiopharmaceuticals,

Yttrium

MSO01-1



L 10 ]
v A

@0 mitszaguimmsinomaniuazing luladiundesasai 10: 16-17 Faaw 2550
NST 10

VNN

Aav dyd [ v A 9 [ Aav 4‘ =
TA59MsINBRTANVAUNUTNEIVINU InTINITIVATBINSANEIAN1IZN

a A Y} g '
mangaylumsnanasdsznoudanain '~ Sm-Hydroxyapatite (~Sm-HA) Fuilueniaiie 1y

o [

Ay 4 o I
#1151 Radiation Synovectomy uazlaseimsddeiseesmsnaun Csm-HA Miduefauviu

aznoudmiulsawerylvdesniay Fufluanuitvveslasamsnanle T Tnised

v A

dninnulsinagiedud (egtiudegudleTeInlsid aaniumaluladiundesuvamna )

[ 1 Yo o Y a a 1 1
Iﬂﬂiﬂi\?ﬂ’liﬂ\?ﬂﬁ’]’)llﬂ’(ff'llii]@]'lllﬂgj'lﬂﬂ'lﬂlmgllﬂNa@]ﬂiﬂ’lillﬂjﬁ\3Wﬂ']‘U'lﬁ@'Ng]

o w

S| i Y Y v A o K ¥ v A
Wuniseuiesndn uaienn “sm-HA Huadiialumssnuidihelsademmzdonionns

= [

[ ] ] @ Y A da' o Yy = o @
f]ﬂlﬁ’]JﬂJfliJuWu th?ﬂlﬂiﬂiﬂ‘]%ﬂGUfJ‘VIiJﬂWﬁ@ﬂm’Uﬁgﬁl%L‘i@ﬁQVlﬂ wazlanuausa lumssnm

e

Y Y Y Y v
$osaz 50-80 MU duiuanmsanyIveluaTiivannTannIzHanasUsznouAanaIn
v A o d‘ d’ [ [ [ 9 = [~ 1 o aov =
S9a@0UNAINIOSNEIDIMIAINAN 18 HUAUAITNIZWAUINTIVYNITIAST Y
a a = d‘ 9 [ d‘ Y 9y o da' v @ 1
mstlszneuAanandamien-90 eldlumssnulsnbeduludesnauszeziTesedinarn

ioanas e T Inlsad v Udedmilondn USm @9519a2089010A1519

Isotope Energy Half life Penetration range in tissue (mm)
"y B =2.25 MeV 2.67 d 11.0
Sm Y =106.8 keV 1.95d 2.5
B =810 keV
VU "y Iamdanuiidfaeniuegisnnmzanzatainlludlede

U Q

(penetration range in tissue) 1NN FalwarhldmsSnugeiuladedmauiilszaninm

Y
v o

dd?} a a ~ = o Yo Y Aa A
AV AuasUsTnoUAARaINdANG aN-90 iNﬁTll"liﬂ'Ll"lllﬂGHﬂllI%j‘]JTJEJVIﬂJﬂ"IﬂﬁﬂJ?NIiﬂLEJ@

9 Y o Ya ' A v § o o < ] 9
nulvdosnau ladeuaszezisuduaudiszezisoss uaedialsnau 'y udeidens Timue

q

v
9 Y

~ a @ a v A o 9 J 153 &£ Yo A
sumaddunsizaziulumsasamuuaziadsunavesssdazilaennit Fsm  alnsed
~ 9 Y Y ' I o a = 90. I Y [
uputazdamsouny o819 lstaumitadsuasidan Yy daunsoud lvlasedens
Jautlownnnmsina Bremsstrahlung naunu'lg
Y Y
Y] a a [ a 4
Mmtmsszneuaanandamsen-90 Usznoudle a1 b TsInised Y wazaunua

amzavlumsaanan  lauA  sodium citrate, calcium oxalate, ferric hydroxide

2
v A

I Y &£ o [ = a A ya J . . . a
macroaggregates Wudu sedmsumsanyIdeien 1¥aunua trisodium citrate TUMsAA
nan'”’

90 . . <3| a a = A o = aw :JI da'
Y-Citrate colloid 1Huesdsznouaanainoamssu-90 MinaneIdeluasil lag

=2 = = v 1 A 1 = [ 1
i]$ﬂﬂ‘]eﬂﬁ'ﬂ1’)$m3ﬂ$ﬁllcluﬂ"limifJiJﬁ’JlIfN:ﬂfﬂ%EJ@'NG]‘1/]3JNEW]’f)fﬂimﬁﬂfﬂﬁﬂigﬂ’ﬂ‘ﬂﬂ\iﬂa'n

MSO01-2



M, 10 9
v A

0 a a J A a a ~ a
@ ﬂ'liﬂi%‘lﬂn"]ﬂﬂﬁﬁﬂﬂ1ﬂ1ﬁﬁilkﬂﬁmﬂ1uiaﬂu’)kﬂﬁﬂﬁﬂiﬂ‘ﬂ 10: 16-17 e3viAl 2550
NST 10

[} I 1% 1 o I

Wy Aanuunsae (pH) a1 1ua (mole ratio) ANMUUTITIE (activity) dludu
oa.;l Y =2 s 2 4 a = Awv A . . .

uaﬂmﬂuuﬂmmﬁﬂmmaimmmmmqmmammm (radiochemical purity ; RCP),

L 4 o a v A = v d
Wosuamsnszaealvesasiszneuaanainsea@anmsen-90ludainaass
e = Y a .. & .
(biodistribution) AABAVUMTANHIA MM UNY (toxicity) anulaenie (sterility) e

IwT519% (pyrogen Test ) nounagthendina I lsnudihe

Aad
AEMSI
= a 90 . oy 13
1. m3msenasdsznevAanain *Y-Citrate colloid
9361 YNO, ATMITUAU 0.2 M 1ag trisodium citrate Amidindu 1 M udaimi
v
MINAQDIAIHY
@y YCLUszum 5 mCi 8911 1 M trisodium citrate  incubate 30 min (5¥HINMS
Y v
incubate WEUVI) A28 Rotator) INUUAN 0.2 M YNO, 1&3AY 0.9%NaCl aunsznald
v Y
YS1es 1 ml wenldidnduudlsy pa 1918 7.0 shansazateinla ldduluivden
v v
Uszina 1 hr. dunawain1d udadn 4 mlof 0.9%NaCl 31Ut centrifuge (400 rpm, 15
. Y1 A g .. i A @ = 3 [
min) v ldauiniu precipitate eneonnNd UYL supernatant IAAITULIITIANN 2 I

) ! o s 3 4 a . o
@91]'38 dose calibrator u”lﬂﬁﬁhléfll"lﬂ"ll!:]ﬂ!‘l’ﬂlﬂ@ﬁL%u@ﬂ”li@ﬂﬂa"lﬂ (%labelling) AUFAITAIUIN

[3

=),

N

%labelling = ANUUITISITVD precipitate X 100

(ANLLTISITVD precipitate + AIULUTISIAVOI supernatant)

3 a 1 L g ) {
NATUAY 1 ml of 0.9%NaCl asludiunidu precipitate 1d911 11U 1A IA%BAIY autoclave

]
= %

a I~ [l
121 °C, 20 min 3¢ lamstlsznoudanain “Y-Citrate colloid ~ NHanvazidluduyuadie
J o o o < s2 a o Ao A a
DALY nasnniumimsausao I suAANUNUTENENIUALTNE  (%RCP)  Taedd
Centrifuge (AFMINAADUFUIALINUMNTH % labelling)
o v a a9 . .

2. msreanaulnaimnzanlumsiasen Y-Citrate colloid

0 A 9 A [ [ 1 Y] . [ dy

Mmsnaaeuniloute 1 lagndeuuilasonsiaiuIuaseing Y nu Citrate 9t 1:1,
2:1,3:1, 41 uag 5:1 HAINSUINAIN % labelling A8 % labelling gangn AvoATIAIU
Twanwunzanlumsmsen Y-Citrate colloid
3. msmdSina Y nmsngandmsumsm3en " Y-Citrate colloid

o A 9 A a [ da'

mmsnaaeuneude 1 laalasulassaves Y asll 0.5, 1.0, 2.0, 3.0, 4.0 uag

Y v

5.0 mg UAINITUINADIN % labelling TAsHTINYTHIMV0S Y daamnlanansama

*Y-Citrate colloid "lfg{

MSO01-3



M, 10 9
v A

0 a a J A a a ~ a
@ ﬂ'liﬂi%‘lﬂn"]ﬂﬂﬁﬁﬂﬂ1ﬂ1ﬁﬁilkﬂﬁmﬂ1uiaﬂu’)kﬂﬁﬂﬁﬂiﬂ‘ﬂ 10: 16-17 e3viAl 2550
NST 10

4. M3 pH Nirsnzanlumsm3en " Y-Citrate colloid'
o { I~ [} %
Mmsneaeuniioute 1 Tasmswlasunlasanuiunsa-waeH) lugiamsysy
pH v04m351a5eu Y-Citrate colloid LAINITUINADIN % labelling Ias1581191 pH ¥24]a
N1 % labelling ANga
5. mMsmdSanannunsesid 'y niinanemsmsen Y-Citrate colloid'
o A Y a v A 90. A 3 1
Mmsnaasurioude 1 lasmalasuuilasnnuusesadues “yCl, Aumdwa 0.5
Y v
04 15 mCi UAIFUNANAIN % labeling lasfiarsaninannuusesedauamlanaungo
0@ "Y-Citrate colloid hlé’]j
6. MSHINNUAIAIVEY  Y-Citrate colloid (Stability of " Y-Citrate colloid)
a 90 . . A Ay ¥ 9 Y o
9383 "Y-Citrate colloid MuanMNNMIzANN [ANAIAMINABBIYB2-5 1AM
J 3 J a = Ao A as . ) 1 = o . Y
nlo T EuUAANUUTgNTMUALTITIABIT Centrifuge (MUFUIAGINUNITHI % labeling 1D
1) #aIInMae3ennniu d3dranuasdives "Y-Citrate colloid 1104 laniu TasWarsan
J I 4 a = Ay A& A Y 1
910 WosFuAn NI gNTMUANSIE NlHiaA11nNI1 95.00
7. ANEININ3ZIWAIVDY " Y-Citrate colloid TuHy (Biodistribution in rats)”
7.1 Joint leakage studies
1 Y] 1 I 1 Y]
UUNNY (Sprague Drawley Rat WinUszum 200 N3Y) ponilu 3 Ny (4 AN
A9 1 NQN) MUAIMAINA 1,3 1Az 6 UMY Aa " Y-Citrate colloid 11 0.9%NaCl Y119
] < < 1 %
15-40 uCi /0.1 ml asludornunvesny udanuny13lunss Ay urine vosnyuaazaa
AADANAINAARINAININAA 1, 3 LAy 6 JUMUAIAY 1KY 3 AIsazdaniNeTeg
' A Y o s o o a 1 @ A
a1 et lglumsdinanlesigudmsnsenedivetena luunazedon:  uaznuyn
MADN 1 AI1INON8NINAIY Imaging Plate System
7.2 Control studies
o A ] 19 ¥ 90 90 A A a
mmsnaasarioudo 7.1 uald "YCI, unu "Y-Citrate colloid WAL
73 MMInaausuAedIfiuYe 7.1 ualy Y-Citrate colloid ¥94135M CIS Ra
90. . . s A o 1 = v 9 Y = =3
UNUY-Citrate colloid NHAAOY  LAZRINITNABDUTUASINUTD 7.2 uaTouneuna
5¥1319 Y-Citrate colloid 1l HaABIRVVRIVTHN  CIS NiuT1ne191)5zme
8. Sterility, Pyrogen Test (laz Toxicity
o . . < { & a3
11 “Y-Citrate colloid MasraFaaNulaoads’, Tnlswy’ wazanuduny’ udd
asUwan’la
< & ) S 4
Note 1= asirugannulasaie laglsormismeusemad

2 = m3asa mTseulasly LAL

MSO01-4



Ealest a a A a2 J 3 A a
® miﬂiz*}gmmmimmmaﬁ{uammiuiaﬂmmaﬂimm 10: 16-17 e39¥1AY 2550
NST 10

I a = 90 . . Aa ] a a
3= pagouanuiuny Tasnsda Y-Citrate colloid 13uar 3 mveallsunalng
Y
@Suan)n@ = 15-40 uCi /0.1 ml/ vy 1 42) lunydwou s ar Aalideau dunaniisuou
A ] 9 = 1 d' o =) a
vymenio i 0 lulivyaemes uagasn “ersminnfadssanie”
9. Clinical Trial
=) 90. . . A ogz' Y = a A 4 Y
19384 Y-Citrate colloid NHIUNMIAIVALAMNINITINKAIMANIAZTIINGT W 1N
Tsawenath luneaedddiuauld  Teaowannadinizdessonaninlsaneruianasneiy
YOINITNY (328IaIMITNEMAZAAMUNANAINIRABY UG 1,3,6,9, 12, 24 uaz 36

A
IADU)

Wﬁﬂ'l’iﬂﬂﬁﬂﬂ!!ﬁ%%%ﬁiﬁ
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Effect of Mole ratio between Y and Citrate on %dabelling Effect of Y ity o 1
of Y quantity on “dabelling

/% abelling
©/aabelling

100.00 100.00

80.00
80.00

60.00
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40.00
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0.00 -t T T T T ] 20.00

1:1 2:1 3:1 a:1 5:1 0.00
Mole ratio 0.50 1.00 2.00 3.00 4.00 5.00

Y ()
Figure 1 : Effect of Mole ratio between Y and Citrate
Figure 2 : Effect of Yittrium quantity on % labelling

on % labelling
Effect of pHon %ol abelling Effect of 90Y activity on %ol abelling
% abelling
%d abelling
100 100.00
80 80.00 k"\/\-‘.\_
P 60.00
20 40.00
20.00
20
0.00

0
0.78 249 3.65 4.11 7.98 11.92 14.11
1.0 20 30 40 50 60 70 80 9.0 100 11.0 120

"y Activity (mCD)
pH

. . 90. .. 0 .
Figure 3 : Effect of pH on % labelling Figure 4 : Effect of Y activity on % labelling

MSO01-5



M, 10

Stability of Y- Citrate Colloid

YRCP
100.00 — = .
50.00
0.00
o 1 2 3 4 7 8 9 10 11 15
#day after Mifg.

Figure 5 : Stability of Y Citrate Colliod

Figure 7 : Particle size of Y Citrate Colliod
a) Measured by Microscope (Olympus)&
haemacytometer
b) Measured by Scanning Electron

Microscope (JSM-5410L)
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%l eakage of * Y-Citrate Colloid and Y1, in rat
©/ eakage

N E

0.00 1 T T

0 day Iday 3 day 6 day

B8 90v-Citrate Colloid(TINT)
M 90v-Citrate Colloid(CIS)

O sovas

Figure 6 : %Leakage of Y Citrate Colliod and

90YCl3 in rats after injectionl, 3 and 6 day

Particle size distribution
Ya
8.00
6.00
4.00

2.00

particle size (um)

Figure 8 : Particle size distribution of '
Citrate Colliod (Measured by Laser Particle

size Analyzer, Masterizer&Malvern)
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0 day 1 day 3 day 6 day

I I

Figure 9: Distribution of Y Citrate Colliod (TINT) in rat (knee joint) after injection 0, 1, 3

and 6 day

0 day 1 day 3 day 6 day

Figure 10 : Distribution of Y Citrate Colliod (CIS) in rat (knee joint) after injection 0, 1, 3

6 day

Figure 11 : Distribution of 90YCl3 in rat (knee joint) after injection 0, 1, 3 and 6 day

and 6 day

0 day 1 day 3 day

Note : Figure 9, 10 and 11 imaged by Imaging plate system (Fujifilmbase 2500)

Clinical Result : Dg3£1INMNIAAAINKANIITNHININNITTINIUA

3 1w 1 { ) [
910 Figure 1 W UNOATIEIU lvalmuzandmsumsesonaslsenou
a 90. . . A 1w . A 9 sl a
AARAN Y Citrate Colliod ¥AUNINU 3 : 1 (Y : Citrate) L‘Llf]\?%'lﬂﬂlﬁL‘]Jf]ﬁl“]fuﬂﬂ']ﬁﬂﬂﬂﬁ'lﬂq\‘]
A A (a v 9 A A a a P Y
nga Tuvazndsumves Y ﬂ']uﬂﬂﬂq@ﬂﬁWNTﬁﬂlﬂﬂﬁTﬁﬂﬁgﬂ@ﬂﬁﬂﬂﬁWﬂhlﬂﬂJﬂ'lwnﬂ‘U 1 mg
(Figure 2)
dy Y= A 1 a a
Glu‘ﬂ']ﬁWﬂaﬂﬂuqﬂﬁﬂHWWQﬂﬁgﬂUﬂl'ﬂ\i pH NnaremMInaasUsenouaa
& ' ] o v L 4 a
andeanun ¥9U5u pH = 7.0-8.0 e IdilesidudmsAanain > 90 (Figure 3)

2 v Y
wonMMTUSIMUNANULI IS ANTTone Iinaasdszneudaaain lalaads 0.70 mCi
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o a 90. . . Ay v a A .
ANUAIAEIveIETUTEABUAARAIN Y Citrate Colliod T 1A91NMFHTIUN mole ratio
4 o <3 a =
=3:1,Y=1mg, pH =7.0-8.0 , Activity = 5 mCi tijothumnlesiiudaanuusgniniunai
FIANUNHNA = 95.00% AapATzezIa 15 7 MawnIunaa (Figure 5)
90. . . IS [} 1 A IS =
YUIAYDI Y Citrate Colliod UA10811%I9 0.49-9.00 um WINNFA  azlyUIADAY
4.32 um (Figure 7 t18g 8)
VINMIANYINITNTZDIBAIV09 'Y Citrate Colliod  TunynlFomiieniu yCl, uaz
' P-4 o '
"Y Citrate Colliod (CIS) walsingn TlesiduanissaIna (%Leakage) ponvndoluria
0.07-2.70% , 20.33-48.90% a2 1.10-2.04 % Injected dose MUY (Figure 6) LaaINn’y
. . Ay Y = = o Yy 9
Citrate Colliod #'1d91nmMI9Teuea (TINT) ImM3352 lasenandetissninaasaszeziial 6
[ £ A 1 (% Y o slddg’ A =\ = [ 90. . . A o
Ju Halwanemssnuivesna lasvy uaziien/Ssueunany ™Y Citrate Colliod (USHW
<3 J Y o .
CIS) 921U %Leakage Tnafeany (Figure 9 10 ttag1l1)
v Y
*Y Citrate Colliod M@3su1dea (TINT) Hanuilasawe Usieeinlnlswu waz

1aoany

a5

]
ajiamauiiaves Y Citrate Colliod (TINT) furson 1@Tdad

1. funaaasade Uaennlnlanuuazlaoaiiy

2. anudunsa-a =5.5-7.0

3. ANMTNTUVDITIF = 0.7-15 mCi/ml

4. ANUANAT =15 TU

5 ﬂ’mnﬁqm%(mamﬁ%’a?r > 95.00% ﬁqmwgﬁﬁ'm (25°C)

s 4
6. VUIAVDINDAADIAINGY = 4.32 um

Y] | I 1 g’ =
7. aﬂymquuﬂaaaammnﬂ;uiummaa 0.9%
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