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= Abstract=

Preparation of Radiopharmaceuticals (IV)
Quality Control and Chemical Analysis of Radiopharmaceuticals

You Sun Kim, Ph. D, and Tae Young Kim

Chemistry Division, Atomic Energy Research Institute

In 19€9 this laboratory had prepared 131 me. of radiopharmaceuticals in total (Hippuran and other
four kinds) and distributed to the major medical establishments. The quality and stability of these
products were reviewed by means of radio paper partition chromatography and thin layer chromato-
graphy and results were compared to those of foreign products. Generally, the quality and stability
of the product of this laboratory were better than those of the foreign product, even though the
properties of the radiopharmaceutical were varied by the procedure of the preparation adopted.
Various precautions for handling radiopharmaceuticals for clinical use were also described with a view

of quality control and stability test there of.
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Table 1. Preparation of radiopharmaceuticals from Jan. 1969-to Dec. 1969

Compounds : Preparations ! Distributions Users
Hippuran-[:% 62. 456 mc 55. 815 me Radioisotope Clinic
Rose bengal-1!3 38. 428 34. 935 and Lab,, SN.U.
RISA-I'3 21.935 13. 345 Radiology Research
Triolein-I1¥1 0. 300 | — Institute, O.A.E.
Uracil-I13t 9.130 8.300

Total 131. 993 I 119. 995

h
i

* Prepared by the conventional and the author’s procedures. 5%
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2. FBHA(Quality control)
a. Paper partition chromatography

=

=S|

(1) Filter paper: Whatmann#1 equivalent paper strip
& A3

(2) Chromatograph chamber: 250 ml o],
Jappered stop cover, mess cylinder & A}-£.3F.

(3) Chromatograph scanner: Packard model # 550
Rate meter (Combined with scaler Model BC-590)%&
Plate type G.M. detector 9} o 2 5}¢d A& gl

@ AACERD 1 4 WML e 2zt chamber
& cylinder ol 20~50 cc A 9] 4 A st 43 A et
(shaking)¥} =& A3k Er).

Pyrex,

Filter paver stripel] A4 & 4AF Atz A2
S chamber Well AFl st AMAZEE. AA A 7E
T gfo] wz} golst gz A LR =le} 2R

X oo b

- 7 E AL 535l solvent front”} sample point
2 HH 20cm o4 du) 7hx) A4S AAL R

< AL FR AN
G) AAR Chromatograph o ®ql AAM Az
filter paper strip % packard model rate meter & A
2% chromatograph scanner £ scanning & t}-& 2 =
=

7} spot$] Rfzt3 2raldlx 7 peak &) area ratio &
AAeste] FA A4 data & 24
graph 8] o= Fig. 1, ~Fig. 3, Fig. 5~Fig. 7o) H4)

Ho} glom o] By o2 FU7Ae A5k Hippuran

%te}. Paper chromato-

Batch Prepored on 6-4-1969.
Date of Anclysis 14-4-1969.

Sclvent-n-Butanot : Acetic acid 30%
{4 : o)
% Non-bcurd lodide (1%

Rfz 0.8

Solvent

Point of Application Front

e lodide Rf ~
Fig. 1. Paper chromatographic analysis of 13'I-Hippuran
g.
(KAERI)
0.3
Solvent - 0.6% aqueous ammoni o_'
ascending
8\% 0535
0.91
« 0.02 ®
0.66 39
359%

Fig. 2. Paper chromatographic analysis of *'I-Roseben-
gal supplied by Company L
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Fig. 4. Triolein-131]

Sotvent- 06% oqueous ammonig Acending

G 37

96 49
co2 ,‘
.

6% ————— e —

Fig. 5. Paper chromatographic analysis
bengal prepared at KAERL

of B!]-Rose

Solvent- 06 percent aqueous ammonia
Major zones ; Rf0.27, Rf 0.45, rRf062, Rf 0.85

Rf =0.45

Rf=0.62
Rf=0.84

Solvent Front

Fig. 6. Paper chcomatogram of I-rose bengal batch
prepared on 9-4-’69,

Solvent-Butano! soturated with 5% acetic acid
Mojor zones ; Rt 024, REO 72
Rf= 072

Rf= 024

Fig. 7. Paper chromatogram of **I-Rose bengal batch
prepared on 9-4-"69.

131]: Table 2, Rose bengal: Table 3, Radio-Triolein(&
2); Table 4, Radio oleic acid; Table 50 22 Fg
EEpES

b. Thin layer chromatography.

(1) Thin layer chromatograph plate: Eastman Kodak
Chromagram Silica 6060 & strip 2 A wk 483

@ RAACRED

Paper chromatograph off 4 A}-4-§ chamber & ¢] &3}
o] Thinlayer plate strip - 4] &t Zi;ﬂ Alzler, AA
A7 AN LAY FFell wel Fols) Yz 53] AA
2= Alsiel w4 A ZEELS 2
< AA 2A& FAS AAMAZE gt A}
i plate = Ao A FAL

(3) AN H thin layer plate &] 2rql

o] 739 = Thin layer plate strip-2 0.5cm 274 o
2 AelA Z7 Pyrex test tube(1 -1 4o Y,
Tracer lab. Well type 7r-ray scintillation counter &
counting ¥+ ©}-% sample point & B8 ¢ A& vs radio-
activity .2 plot ¢§ thin layer chromatogram &
v} 2 %k ol E Fig. 4o dAsHE. EA 3 Aol 4
7 peak ] Rf 72 #qlsliL peak ¢| area ratio =

._uﬂ
frode

l'i?:'

CEEe A e A

FEA ALY o7} Table 4, 2 54} aoksle] gl
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Table 2. Purity check of Radio-Hippuran by paper partition chromatography
Name of makers ! KAERI I Co. D. Co. Remarks *
Devel- Develop ia%r ti)me Rf value of % Rf value of % Rf value of .%
cve Ivents s. Activity in Activity in Activity in
opnsg\s;o ven Active zones| the zones |Active zonmes| the zomes . |Active zones| the zones
n-Butanol 4| 14~16 |oneA  — 0 loneA 0.24 4 |ooneA 0.24 4
HAc | -
(95~100%) 1 7 B 0.85 100 7 B 0.8 96 7 B 0.85 9
H0 1
Benzene 2 6 n AC0.67) 20 | » A(0.67) — 7 AQ.67) —
HAc 2 7 B(0.87) 80 | » B(0.87) 100 | 7 B(0.86) 100
Water 2
Benzene 1 6 7 A — — |7 A 0.05 5 7 A 0.05 -8
HAc 0.5 7 B 0.42 100 | » B 0.42 95 | » B 0.45 92
Water 0.5
CCl, 1 4 ” A — — | » A 0.08 5 |7 A 008 9
HAc 7 B 0.7 100 7 B 0.8 9 |7 B 0.83 91
Water 0
Table 3. Purity check of Radio-Rose Bengal by paper partition chromatography
Name of makers t KAERI l 1 Co. D. Co. Remarks
Devel- Develop in}%r Stime Rf value of % Rf value of % Rf value of %
ve Ivents g Activity in Activity in Activity in
oping soiven ‘ Active zones| the zones |Active zones| the zomes |Active zones| the zones
0.6%NH,OH 6 A 0.02 2.6 A 0.02 4.2 A 0.02 52
B — — B 0.2 21.3 B — —_—
C 037 97.4 C 0.31 34.3 C 0.34 87.6
D — — D o 4% 18.1 D — —
E 0.5 9.3 E 0.55 8.2
F 0.66 3.5
G 0.91 9.3
Water 82| 4~6 A 0.06 — A 0.06 0.5 A 0.08 —
Ethanol 10 B 0.31 — B 0.3 6.5 B —_ —
25% C 0.56 99 C 0.56 43.5 C 0.52 94
NHOH 8 D 0.73 — | b 07 3.5 | D 0.6l 6
E 0.83 14(18)
Ammonium 3 A 0.12 99 A 011 80 A 012 99
citrate satur-
ated with B 0.22 13
NH, C 0.8 7
c. Paper electrophoresis AAE & 1242 2H AP Z AAE Ailter

RISA (Radio Iodinated Human Serum Albumine)$)
Al 2% Whatmann No. 1 filter papere] AA3lm,
Veronal buffer (pH 8.6)% A83ld] A =N (BHWK)
¢ 2A & -2 electrolyte voltage & 8 volt/cm?E §lt}.

paper strip 7] peak s w2 T (EBEKE)E  optical
densitometer 2 <157 E5ke] A 2.8 58 A5}
3. A= A
@ A5 9 A
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Table 4. Purity check of Radio-Triolein by paper and thinlayer chromatography

Name of supplier KAERI Company I Company D Remarks
Details of solvents Petrolegm-ether Ace;one
Method of analysis | PPC * TLC ** PPC * TLC ** PPC * TLC **
Developing time

hrs.) 8 1 8 1 5 1

Rf values of active | A 0.05 A 0.05 A 0.86 A 013 A 0.86 A 0.73

zones B 0.8 B 0.73 B 0.53

C 073

% activity in the < 3 <5 >99 13 >99 >99

Zones ~97 95 20

67

Details of solvent CHCl, : Ether=5 : 1
Method of analysis PPC PPC | PPC
Developing time ] 3 hrs. 3 hrs. } 3 hrs. l
‘Rf values of activ !

valn °| A005 Bog | Aos8l | Ao |
> =
% aotivity in the <3 o> | >0 >99 ‘

Remarks

|

|

* PPC; Paper Partition Chromatography.
** TLC; Thin Layer Chromatography.

Table

5. Purity check of Radio-Oleic acid by paper and thin layer chromatography

3} 9 o} (chromatography 2 % 3q]),
(@) 45 B A(stability test);

(a) Hippuran-1I ¥ Rose-bengal- 1] A 2.¢] oA %

s} 5] paper partition chromatography &

ol gl W0 g et

E5E RIS

LA

. Details of Method of [Developing time [Rf value of active|% activity in the
Name of supplier solvents analysis hrs. zones 7 zones
I}troleum(Eth;r: PPC 3 A 0.82 99
cetone (Dil) [rermrmrrmmrr e
C°“;pa“y TLC 1 A 041 69
B 0.55 29
C 0.92 2
CHC I3 : Ether
G D PPC 3 A 0.83 99
Petroleun Ether| PPC 3 | Aaom 99
cetone 11D e
C°’;‘°a“y TLC 1 A 0.40 40
B 0.52 20
C 0.9 40
CHCl; : Ether
ok PPC 3 | aAom 99
AR A AAEFE A 2oh oV AR W) S WA D‘r‘ér 3436 (5°C el 8h) AAstgicl A=
“E B #Faldds] ¢t YAA ookE AnE 4L °é~r‘51 QAR 7S AH 4 %Y sample & FF

o] &3t #3F

2% €49

Rf gtsh wlwste] Q132 7 peak o] areau] g 3
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Table 6. Stability* of *I-Hippuran

131 :
Date of | Date of | %5 non- Ias _
Samole Prepar- bound [Organica
Sample repar ) und 11 hound
ation |analysis| 31 131]

14.5.769 K1 >>99
28.4.769| 2.6.°69] <1 >99
10.6.769] <1 >99

14.5.69 < 4 | >96
29.4.°69| 2.6.°69 < 4 | >9%
10.6.769| < 4 | >9

14.5.769) < 4 >96
24.4.769) 2.6.769 < 6 >04
10.6.’69) <5 >95

* Stored in a refrigerator. The stability was checked
by means of paper partition chromatography.
(Developing Solvent; Butanol: HAc(95~100%):
H,0(4:1:1v/v)

KAERI Batch

Sample obtained
from company I

Sample obtained
from company D

Table 7. Stability of 13'I-Rose Bengal

Sample | Sample
Sample KAERI obtained | obtained
3 batch from |from com-
company 1| pany D
Date of Preparation | 28.4.°69] 29.4.769] 24.4.°69
14.5.769] 14.5.769] 14.5.°69
Date of Analysis 2.6.769] 2.6.’691 2.6.°69
10.6.°69] 10.6.°69 10.6.°69
<1 7% <1
9% non-bound 31 ” 5 ”
” <1 ”
. , >99 93 >99
N .
b/g unfi alsmtirgamca ly ” o5 ”
”n >99 ”
N 97 3.4 87.6
% as -
oTITCF* 99 48 99
929 50 99
o W1 tabelled <3 58. 6 <12. 4
% as labelle:
impurities <1 45 <1
<1 50 <1

* Tetra iodo trichloro fluorescein: The stability was
checked by means of paper partition chromato-
graphy. (Ref. Table 3.)

o] WL AEUc 4% A A6z ¥ 7EH
495 gleh
(b). RISA-BI

RISA-BH o] glo] A=

O

#33 M19 T @FH
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22 ZaEqrh

E-3] protein 23} radiolytic decomposition frag-
ments 8] EXAE ZESFI Hge FARA T4
71 %3} electrophoresis 5 & 3led Rgtrl o] Ao

BUG FAEY BAE BAA RAQed d 94F
A E) A% A7 band ] Welst wzd 2 A% B

& up glvh

c. Liothyronine-1] 8 Thyroxine 131 '

o] AlREL o AR wimA ALe] gexgle
2 o]y Fxtel Al D Co.8) 4] E.nb-E Paper chrom-
atography 2 check 8¢} 1 ¢l & Table 8¢ 8.oFs}9]c),

a2y ¥ D

1.8 1t

Paper partition chromatography, thinlayer chromato-
graphy % electrophoresis &) W5 02 Wi}4J e} dE
o] £A(F +5)% A% Asle Table 1~Table 8 off
g9sle] glowd 79 chromatogram & o 7} Fig. 1
~Fig. 7] 435z gl

o] Aol ¢ %rlw Hippuran-¥1.-2 - o748 A’
o] YFAFE} 2 EI ABAE o 5] W
A=z 9ok

Rosebengal-131 ¢] 7] 8% chromatography ¢] A}-4-31
developing solvent 8] FRel] wle} 42 2 AAMeis}t
2 (Table 2 &2) o= $74 &+ Fdl4 0.6%
NH,OH Sol.-& A-&% 7% AEFe H¥4¥e] &
Felsle] A glgo] Falsln glel. o] Azl
w29 Rosebengal- ¥l = 2 ¢4 whydl ==l A4 E
9 AR Aolst gl-go] weF o HO8 S92 4
L% g4 AF 5% Fig 5 F2) AFT 44

T 4+ g9k AFAFEL 3+ A4E] ke T
A (@A) 95 Fig. 2 % Fig. 6). e
o met FFAA FE8 £99 AolAT Herot
GV FBBAE AT F ALE FoF

2ol g Zerh

Triolein-¥11 &) A 9o &= 3 ol F-AA F3k D Co Al F
o] ICo. A BT} $57 AE N Fx gl o 535 3t
gEe] 49 #713gE #4A = PP.C.2e TLC
7} o] A Be] peak B B Far glrh Trioleic acid
M AE AY e ]S wgoer] I CostD Co
Auke vms £ A3k 9 sample & A% %+“’rh zr
o} 7 ou)go] A7 Aol gt -?*“4
= TLC 7} PPC 28 & %43 A% 10% L
t}. RISA A &%¢] Radiolytic-fragment & ZEAQ BT

g 32 = o
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Table 8. Purity check of Ra&io-Liothyronine and Thyroxine by paper partition chromatography

Name of maker i D. Co.
‘DeVelopir'g time Liothyronine Thyroxine
' ) .o . .
| (hrs.) Rf .value of 1% Activity in the] Rf .value of |% Activity in the
Developing solvent | Active zones zone Active zone zone
t-Pentanol saturated ! 16 ~ 18 A 017 1 A 0.05 13
with N ] B 0.50 99 B 0.25 87
n-Butanol 2 lt
Ethanol 2 14 ~ 16 A 0.56 €3 0.6 100
Ammonia 1 \ B 0.67 7
electrophoresis 2 A E3%F v} 1.Co., D.Co.] A2 AA 2.1 ¢
band 7/} Wi & A T4 AL vjad F& band & X u} 214 &) @+ (Radiopharmaceutical)d] S@ 38 € ¢ -

o F3 gch(Fig 8 F=z). 28} albumin o] &9
-3 E-(amino acids reéidue)—% g Aoz mgth
1Co., D.Co. A #9 band 7} ¥-& AL albumin & o
o] & o Eolzla & Al__»} o] band & 2Fz+e)
EHEe] TAAN W7 A4 v
A= 48 A3E 43 2=l Hippuran-¥I8] 74
dli= 7 AF AlFe) =5 =2A wsige] ggick 2
D.CoZ¢ A% oo HAE AP ol A=2 9
(& 2D ¥ Fo o glod AEY FAE &4
kgl & factor o & v] | x) R8sl glvt
Rosebengal- 11 ¢] 7 $-ol = #7149 &EE(F Rose-
bengal & o1& % iodides)?] ¢ke] LCo. 8] A% A7
) 7zt Wk Wl Asgon 2z AFe] Mz
48497 D.Co. ¥ & T4 AFL 2 gsalel A

9 gl o] AL 23 A Eo] £43 ]. Ao W
o] H& & RAFE Ao 3k FEAA s
7 jet

_ L-thyronire 9| 7% D.Co.A=kE F4 A &) B

T a2 450t -1‘—3]—3&__“% (Table 8 %)
Thyroxme o] 7ol & 156%0] 8t FALEo] EA St
ek o] FFEe A A E AHL vE Fl3=
ozl & Saeh. AFE A Fgshd dgeR A
ZH I 3 A E2(d LCo., D.Co.3) free
iodide ® organic impurity 7} A3 4 ]/H A= A
£0) A9 ur} ghe oko] ii}E‘M Y olE T E%

ol AAE = Wgs o

+ 8ok 53 AAdste “‘Eoﬂ ﬂ-ar

stel]l Apol7tk vk EwEel dE RE

2} E3}d chromatogrphy o} 4]

2 YA genE ¢

sS4l Yt

2=
iy

maker &)

ETE

& Aoz 9GRDE st

Axd BT AEE APT L AT A 434,
SefEoude EAL Az Wy & AN et
27 o]t gleh. Hippuran-¥I e} o] o 37
27 A Aol Alzabye] A% AdAE &
Aukde] w2 FA4Y Aol ¥E dglsh A=t
ol P A4 FEPHA s ox§ m3E
W3k Hy09k 22 FulPE o] 83F A4 44
8] Paper partition chromatography (1= 3F2)dl 4
228 Aol g & 4 A #HetA FR TR I
o] 445 AeE Aqln,

F&l &) 22 ® Hippuran-BI(Sodium o-iodo hippu-
rate) = §4 AN A o8 g o xr o] o] EAFI
(Ad9} e 20 =3bEe] AA=n o= asx=3
EL slolg g oxmold EAA A4 A 2
W 48 AR5 Ho el HAF] 44 He
AgEEE B 22 clutol=s FafE W w4 b
Lol B wESE (O 22 Ao] A4gkddn 2oy
o] giel, ol AAEY EAE QA4 HAA F

v e e e

A% A4S dEs 92 sHsdel gk A s
AE olote 1rE EAE BeHE 9 &

WA GEER)S AF-23Le] Paper chromatograshy £ 3

e xR g AP A= Thin layer chromato-

2

wo i

f

LAY S A el A A2 2 =(Tahle
T = Ao ® ol Hipmuran-3I

A sl QFE o

N
N
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At gl o] AEe] AF 244 =l BIO) =
(A)9 E48¢ 24% 9971 A ==l AEFS
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£7 jr.

Rosebengal 18] A$e& AFY F7 =l
AP = Ho]7t 1.2 paper chromatography o] 21
AE ALste AALN(REBES TRl =l
M5 peak 8] 49} Rfgto]l 27 v} 2r}(Table 2
Fig. 2 &2). o] H¢&EL (D)3} 22 F2E 7HA
glor o]Adl gor EAWLAsI Tetra chlorg
fluoroceine residue 8} 7] €} el 42 42 EEA] %JI
Fx4e] g ¥H 8= (ERE mono, di, tri
5 odefshx ez A9Y 4 Jemz 2 A4H
9 43o] B4Y A2 MG $4E ol Fig
2 %=2) 1% PPoE FAS Rosebengal- Pl E deg
radation study & dlo] AAlg Al &&d? T_etrT
chloro fluorseine residue §l £ 2E=E A7 HX &
a. %}, wdel4] Rosebengal &) 2-=h o A] ether residue
7t 82=uA gd el Sles o] FHT2Y
L-thyronine 3} FA}§k A 0] 22 mono, di, tri, tetrd
iodo EX) Eo] uk-g A #el 44 445m =
W AFFANAE P8 =e FAMAAY 80 &
98, A -S-(I ] B A5A 4] A9)5ol B
i Aoz uale AFFH Y8 a0 o
(Do)l AT AN E G4 AR 24 He o
AR ae= BAEE J4E Ao B Rl

7b3 A% dl & LCo.AlFA A& 77kx 4ol &y
=o] gl (Fig. 2) ol F Aol AAFd A 2 vl §
- e 8le] 58. 6%(Table 7)7} F-ALEE24 (by product
E2gsa gleS 289k a2y F42AE Y
3 FEg AEFLG]F GTFAAI) Az FAAE
FEel A9 gl AAFNE EEEY &l 24
A gx de HAuk4 Az AR £2F ol
st G4 249 Al =9 Fgdd 8k HO, &
EA oA APAQ b-3-&” -, HEEA, o
L5g B0l Fhdn o AEE A 100% 3
= AL 48T 4 dsleH(Fig. 5. 4 Roseben
gal-911 &) 82 (53] Labelling® 454 T2
QAR A AZ vm dFEY FER vk ¥
gl mono, di, tri ¥ tetra iodo IFEES] 27
d4A At Ase] Ao E FFAE &) ? 29
ol E SgEL S o s ol Bk gos A
ol W4 2 dEst oz ¥ AFF] 399
ol &(I¥-)o] EAsle] Y4 LAFEL A
wet 42 2 o] BE AolB2 4T Q4 A
dedl o1217kA el A Ago] ik Rosebengal- o
oL 2 GAA A G E-g ALE AR AgAdd 3




—RAHA - AN R FE G o] B ATF— 5

8 2 FAE AT EoEe] gdow YAtE B
Aol AE7H] A Aol A FH(E TAL o
B DT oot g Aol Ao uF Y4k
& A Fol] = free iodide-131 @ H]4 L<E(mono,
di, tri-iodides)o] EASo] gl7] 492 B3] o]
T3t FRAAA 28 A 249 A E AL
A okl el 1Co. 4 D.Co.f) AFL 47 A28
ol EAIHo] gle whel e RgBol glom LCoR
3 A& A AEFig 2) 2 A4S SRstan AYA
Ex o & AFFY A& 2y stedof gl
CRISA-BITY AE &L Q704 438 25 =
protein molecule & degradation of] ¢]3} 2]}z B
Z(low molecular weight decomposition product)$] &
A F5E AR 9 gl

Electrophoresis o] ¢]%F A AL Azl w2 1Co,
D.Co. ¥ 7 dT4 AFeNA 27 drle LaBo] 2
QA edzm gvk ze W RISA &= U+ 244 =3
olug AAzAd Fostdol dn] 3] free iodide-
o7k EAHe glow Rl Eo] $9% dAnst Yo
I geh wgElA] AzAAE D A2 A free iodide 7F
EAHR Y28 FYsok & HAolel A= 4F A
Fol] 2RO B4k gyl o 8 FA 5 RISA- I & =]
%] deiodination o] ok thx wehAl A3
FAAEETE)] A9 gddeh o FH7Y ASd =
Az A E5E, U 25 A4 ESE L A
Z AZEE QAR EAE To] TEH YUl Ak
H g AA4ARAAE AL Aol 2 FRL A4k
o F43 AT B g WL AR B Aeld ARF
AE AT AZE Fa 2 FLE FARste] okl 3
H$3 2 S 4 A& Aoloh AA Wy 2 AR
e AL R A=Y TR0 hE FHof gl
o gl oz ogk g8 A FoL free iodide-131
7 2T o A9e oAl AR A AA
F5L FEE doslnz g ¢A $ET A=)
A=z gleh

Triolein-11 ¥ Oleic acid-31¢)] 3= paper
.chromatography 2.t} thin layer chromotography o] A
W F2 2AE B F3 ge 9o E Agaa
T 1Coq AZedle EEEO o¥ AT Yo
(Fig. 3).

AEF UdBE 4 triolein @ oleic acid & A&

T ATAY AR AY ¢4 Aoz Brd @

¥ maker & A FL E5Eo] 4ols] Yl AL 4 -

Aol F3gleh o] F5%9 e Q44AYe g

oA EEEel vlAE o] AF 44 Ao} 32
T (LE? 19690914 AF s abe] Ha Y Aoz
Hol ge® Fyel 4 Algste ALAAR S8 2y
EY A o] sl fA sk & Aale AokA
F9 £EE o] T4 7147 thin layer chromato-
graphy J © 2 check 3 t1-¢ € a3 FAE A5} =
€ A7 Ad4LY g} 208 Sydteol & Ao
=

L-thyronine-®¥1I =¥ thyroxine-®!l & 7. &7z 2
Hob wlma ol f Aot A4 AAd] =} thyr-
oxine 3 L-thyronine-¥™ Alo]o] Q%] 24 =4 (ch-
emical equilibrium)] dojrid F GLo] A= o]

+ Al el @ §4 36 A E L-thyronine,
thyroxine 4 diiodo 3}g-&o] &£¢57 4t} L o] A=
< HeA Az Ao 283 A Fojof e F
Aol A% 274 443 slof e wfg AFE 4
HE AT ek ol ATFelAE AE Q43A
2 D.Coznte A4t em AEY 5% Al 8 Eol
EAR 99} o] wlmA ¢4ty o1} Thyroxine 9
%ol 139%¢] H-ALE(excess iodide)s] Bz g
ooo] AE-E QoA S8 A L4EY oA
A FAEY AR 23 Hetojok & Aol ol o
TFAA £ AFAH L 8tx) Zelg o, WAz 2
AgE AFer e maASEHEEHEDAZ9
73 9-ol & AR Rl (radiolysis)7} Qelus) 4 $mz
34 (dilution)] A 59 2 E 3 stejol & o)
128

oll A TellAlE Fel4 F2 wol oj4Hm Y&
F1 Y GE oA Helednl AP or), o
EE AT B3t AR A (EA R AT 9
AEEEAES A 2 dFolrh o] RnmAd] A
821 ¢%gtort Mercury bromo hydroxy propane,
13210 eluate YA Foll st A=ES =Fel® 4
ER2 UEE Ao glernz Adg Famdte F7 uf
ghe},

AELE Fgvbd Ut A1 AFL wig AR
£ e A4 EeEe] EEHS Y1 A4
TEF FR X3 A& EEEY AT 4ols] 4
FEE A mi v AL4E e vz &
=E Aok 7k @ E4¢] 944 AEE Sk
2 AAGe dAle] dojur] H9me 94 Fr4q
EFRAAN} = olek frh. FRAAAF P o] M
TAe] Z1Ex A 2 AREY =EAS0 AgHe] gl
A 2ol 543 A8 = gl A "ew
A Lo Z JAAHAAE o] 2 AAE

— 50 —
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routine 3} 3o A}7] £o 2 AFAACE ¥ Aol
925 o] T AL AEAY AEE A4
A ste] AHgsiol & Aol

g2 I

o] A8 AFAsE d AxEY AL =9 &
IAEA expert Dr. RS. Manni ¥ % Q74 4274
A ZAE = dlel)
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