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Pharmaceutical Manufacture of Radiopharmaceuticals
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ol vb. JhtiiAEe ]j\iﬁﬁéf o 194644 %S} Oak Ridge National Laboratorye] A =
= Az g1l & o) BatEgEAAS) B, Bk 9 BEd el Be Al
23 M8 Ao oA E - “bulk chemicals”2 Al fiiffislo] HHETE ¥ &
REE el vl folrt A = fElZEA) shA] Sheeh. ARl A S Btk RIGLICRE R Al
& ZL KBTS 25 Hbo] BAERMILHEE MRz tEolokyl sarth. oal
ghngol W= HEOF wolztel wheb MEEERLE S WM S AT (LR RERRES
AR HgHEgERo B MEE M TENME AeRdth. ZF ol F MR MEsE o
at ko] =gl om AxAom AHBELER] WY, S BMERGGENE
st Bl I SVES BHEse Bine, 2 iéi"é*/ﬁ o] gl Rl —ERBUZET ] A I
u)

SR KiEe 7hR]) BIFEEEEE 2 odvh. BHHERESS flEs L e EEHY By 53 v
I gon olw AEL P MBEjleln = °1 ASL2 BUNEETY #EiE -
(Table 1).
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Table I —Some Large-Scale Manufacturers of Radiopharmaceuticals®

Abbott Laboratories, North Chicago, Illinois, USA

E.R. Squibb and Sons, Inc., New Brunswick, New Jersey, USA

Mallinckrodt Nuclear, Mallinckrodt Chemical Works, St. Louis, Missouri 63160, USA

Schwarz/Mann, Div. of Becton, Dickinson, and. Co.,v O;gqggburg, New York 10962, USA

The Radiochemical Centre, Amersham, Buckinghaméhire, Englénd ‘

Commissariat a Pénergie Atomique, Dept. des Radioelements, B.P. No.2, 91, Gif-sur- Yv-
ette, Paris, France

Bhabha Atomic Research Centre, Trombay, Bombay-85, India

Atomic Energy Research Laboratory, Seoul, Korea

Dainabot Radioisotope Lab., Ltd., 2-7 Nihonbashi-Honcho, Chuo-Ku, Tokyo, Japan

N.V. Phillips Duphar Cyclo;:ron and Isotope Laboratories, Petten, The Netherlands

Medimpex Hungarian Trading Company for Pharmaceutical Products, Budapest, Hungary

Isocommerz GmbH/Kontor Berlin DDR-115 Berlin-Buch, Lindenberger

Farbwerke Hoechst AG, Verkauf, Arzneimittel; 6230, Frankfurt(M) 80, West Germany

Isotope Service, Aktiebolaget, Atomenergi, Studsuikfaek, Sweden

New England Nuclear, 575 Albany Street, Boston, Massachusetts, 02118, USA

Union Carbide International Co., 270 Park Avenue, New York 10017, USA

Techsnabexport Moskva G 200 SSSR Moskva

Ames Company, Division of Miles Laboratories, Inc., Elkhart, Indiana, USA

Atomic Energy of Canada, Ltd., Commercial Products P.0O. Box 6300, Postal Station J.
Canada K2A3W3 :

Daiichi Radioisotope Laboratories, Ltd., Daiichi Seiyaku Bld. No.1l, 3-Chome, Edobashi,

Nihonbashi, Chuo-Ku, Tokyo '

Australian Atomic Energy Commission, Research Establishment, Lucas Heights, - Australia

Charles E. Frost and Co., P.O. Box 247, Montreal 3, Quebec, Canada »

Medi-Physics, 5855 Christie Avenue, Emeryville, California 94608, USA

General Electric, Pleasanton, California 94566, USA
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Table I —Representative Nuclear Reactions®

Reaction Target Reference
45Cat (n, 7')“Ca %6(CaCO, 7
29 20
lg"Au(n, 7 1gsAu Au 8)
79 79
S, 1)”°P s 9)
16 15
Yz 1) Cu 700 10)
30 29
“Al(n,a) Na Al 9)
13 11
“Cl(n, )P K5Cl 11)
17 15
®Mn(p,n) Fe Mn 12)
25 “28
“Ge(p,n) As Ge 13)
32 33
decay
TSt(pyn) Y St $15:CO, 14)
38 39 38
68Zn( 7,2n) “Ga Zn 15)
30 a
“Ga(p,2n) " Ge Ga,0, 16)
31 32
24 22 decay,,
Mg(p,3n) Al--—— Na Mg 17)
12 13 11
9
*Co(p,3m)" Ni Co 18)
27 28
“B,m'C B,0s 19)
16 8
0, :F oLi,C0, 20)
“Cr(a, 2n) Fe Cr 21)
24 26
"Sb(a, 20) "1 Sh 22
51 53
“Ar(e, K Ar 23)
18 19
16 18
O, om)°F H,0 20)
9
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Table I —Radionuclides of Radiopharmaceutical Interest Produced by Cyclotrons?»?®

Radionuclide Half-life Chemical Form
#®Mg 21.2hr MgCl,
8K 22, 4hr KCl
S2Fe 8.2hr Ferric citrate
57Co 270days Vitamin By,
$2Zn 9.13hr ZnCl,
s7Cu 58.5hr Cu(Cl,
7Ga 78hr Gallium citrate
2As 26hr Arsenates
T™As 179days Arsenates
81Rb 4,7hr RbCl
827Rb 6.3hr Rb(l
8Rb 83days RbCl
8smEr 4, 4hr Gas
853r 64days Strotium citrate
Ty 80hr Yttrium citrate
Mo 66.7hr MoOs
Wn 67.2hr InCl,
7,80 14days Tin complexes
178h 2.8hr Tartrate
.G 36.4hr Gas
121Cs 6.2hr CsCl
18Ry, 2.4days BaCl,
129Cg 32.4hr CsCl
BICg 9.7days CsCl
¥Dy 8.1hr HEDTA complex
67Tm 9.6days DTPA complex :
197" Hg 24hr HgCl,
19THg 65hr HgCl,
20T 73.5hr TICl
203phy 52.1hr Lead acetate
203Bj 11.8hr BiCl;
B4 11.2hr BiCl,
LB AR ZE

BatiEggme] (LBHRHARA goAde D) g TRz, i) o= ZEE, i) DekgEsy

Bhte o2 BERete oF Se7t gw AZA EA7F wE=A] A uE

ol & A7 EAA

HEREE, ARk BEY, BENERS S Lo RESR god ki
BRTR—BE, BUEERY 8 7P &8 A45a e BSHERAGTHRE *Ht
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¥Celn], =g, ¥P, BILx olo] wt2x vk HELAYS) EEF BRIRL B EH
e AR LEPET A E BEHERMTET §7 dEd ol ¥ LEE EHlstelor T 7
e il 0 2 BN = A4svh. =F Al W tracerHER A& R
FfrTesRel EAR 4 ¥Coz EHS {ba®= FMs 1 gt

ohS & MR LB ARS At AT ERbadEelnt

Barium carbonate-%4C, Sodium acetate-1-“C, Benzene-U-*#C, Benzoic acid 1-C,
Testosterone-4-C, Methionine-Me-*C, Tritium gas, Tritiated water, Testosterone-1,
3-3H, Methionine-G-*H, Sulfuric acid-**S, Methionine-*S, Vitamin B,-**S, Phosphoric
acid-**P, Potassium iodide-'*'I, Cyanocobalamin-¢°Co. .

BHE—Vitamin Bjo] 8} =7} methionined S0 2 EHI - A9 o] {L&HFol
vl g gkel e THEE EHT dde 2 AU do, 24 oA ' THKRE T
Ao e ol i B Aol miEIME 2Esix god ohiv. EELEYHl =,
BET ETS EHT A mE AEE ENT A TR glon #fe WA R
o HFt e friEd 48 A #B—3% uniform label(REED : U)=l A#5—3t general label(Bf
G FAAR UHch BRG] HEo® EHE 4 fREECT BEE LEY
o] % aolxlrl. ole] widtel glucose ke AL, 2 {LEREEL RENMEE “CE BES
A7F JE7] o Foll tobacco?] #HL Ao UCOMNE FARARNEA EHS = ofd
& Glucose-U-"CE v} =3 {kBgoz v} A{bBre = ® el Wi A5 i
SHER AL TS o ste] st o] wel: general labelyte] 1% Eitel.

MBS —BSL 5P, dA EA LAY E BT T8 ddx BFET < @
7 Foll eyl HEgEe 255 Sob. 2, Egiee] wobAldl whel bt
el A ERERLEYY BT ME Q8= AAY APl RLESA ] =2 A&
Azste AE wtA A Zarlh. e =3 HEgee] v F wed vhEa 22
A7t ) 7d ZEEReL Zol FRHECl 9 AL BHERS BRELRMITERE B
I RS ARRERS AT S el dod WHEN 24 B2 &3
2] gowm okEA =] W T 2 Axt HEREsE AR RETAA] ERRET)
wrel @A =)

AT HESESS) [LEBAY AR Bt R ERb PRI R BT ST Bste oA
AR BN B—FEo =Ny 6 = T o)A KT AT KEZ vk Iz
St ol BHAHEBRKES Brwa. 5,

o5 syl = ECDECL_IEREY 19

LR A RS BT RREEE S 2 A 71 IEHiRyel Feln] 2 KRB oh33t Zrh
5, 1) ERATRY B, 28, B HEEESe 2lad 454 38 0 gleH i)
APEEE o) £ AR vy daldos iAo = iil) Ml =& A 4L
27} gek.

Murray %@ Williams® e o]3te] 40071x] o] 4ol 4RAI Zobzl el ol AEE RAA R
BRe7 2 el ‘

(@D Acetic Anhydride-“C: o] ZHEAS ik, IMEE = RS extracts =2¢| steroid %E”’
o] A-8£-En] EJF protein?®»3®, polynucleotides®’, serotonin, coenzyme A, % choline®®

e o
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Z2] acetylationo] = A}8-3v}.
o] HioRE “C EERrEs LriA igﬂﬂ aow, HiHES acetyl chloride(®
= bromide)s} K Sodium acetate-1-“Ce}e] KHEol &isiA Alzx= ).

CH;“COONa + CH,COCl—>CH,;*COOCOCH, + NaCl

3 acetic anhydrider BRI o814 RBcl. o EHE LE AFTA A
£ zA o okstedl, anhydride Imge %47 0.18mge] %o dalA %A ks
9 ol v}

@ Chlormerodrin-'*"Hg: o] < féEEA AgdE AozA &3t 22 —H#e b
BRIEN 2 ste] R 23»0

CH,=CH-CH,—NH—CO—NH, + “Hg(OCOCH,), + CH;OH
—>CH,CO«0 .« ¥Hg » CHZ—(l.'lH——CH2~—NH——C0—~NHz
OCH,

NaCl
—>Cl - WHg « CH,—CH—CH,—NH—CO—NH,

OCEH,
@ Steroids: HFE -142 EHs steroidst: RHEWHZE 2 steroid hormonesg 3 AR
¥l AL4-5 el 19534 Fujimoto and Prager®”e] Bizsst KBl ¢l8te] steriod ring-A
skeletone] 4-frfEd] BEas D} I AERKE o2 ).

1. O3
\ 2 ACOH Aczo 7
i OH |

O/ \D ACCE O/ ™ 1HCH | HC o \
2.HCH HOAC
o=y

o O /O\ O/
O MeH,

Amino Acids: o}v] :fige BABSRWE e ALse BEIHFBLEYEA Hiad
9] DL-leucine-1-%Ci Strecker o] ¢]8 ¢ potassium cyanide-“Cz3¥ r}-gal 7o}
aRE

NH,CI ‘ _
Me,CHCH,CHO + K*¥CN——>Me,CHCH,CH"“COOH
NE,

ol & (LEBRERES 994+ RE DL-amino acid-“C7t 4RIt

= A BEY HEEHer) e L-methionine-(methyl-“C)24 o] & du Vigneaud
33051 Zaangl ule}l o] FEMSrE U olhd] A methyl-“C iodides} L-homocysteineo 2%-

B Az
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“CH,I+ HSCHZCHz(l:OOH—é“CH3SCH2CHZCHCOOH
l
NH, NH,

® D-Glucose-*C: o] #Re FERBWEE 95t ALBAA ol ALsx glon, Al
A Kiliani ERREo 98] D-arabinose @ potassium cyanide-“C= X8 1-fiEol] £
FradRa

“CN “COOH
| |
CHO CHOH CHOH “CHO
| K“4CN | hydrolysis | NaBH, reduction |
(CHOH);——>(CHOH);————>(CHOH);———————>(CHOH)
| of lactone [
CH,0OH CH,OH CH,0H CH,OH

® 1-Fluoro-2,4-dinitrobenzene-C: o] #f-S proteins B peptides®| N-terminal gro-
ups?] il AHgEw, chE3k o] benzene-MCME A 74P F,

Brz(Ol" C]2> / H\[
O =50 .

@ “S-BERL A 1 OS-BEME A1 ARS ({FEPIE DL-methionine-¥S$e] 27 024
I pREHE BT 2

NH
Me,S0, V4 1 NaOH
H,NC»SNH,~———>Me?**SC 7HZSO4 ———> [Me®*SH]
AN

NH, CH,=CHCHO

Ba(OH,) Me¥*SCH,CH,CH—- NH<—Me*SCH,CH,CHO
Me*SCH,CH,CHCOOH<¢——— |
| 160°C C C
NH, 7N
0 II\{I 0

(DL-methionine-°S)
“PoEEMLEY 1 “P MBI A FoT (LA%HF sl diisopropyl fluoropho
sphate(DFP)»402 4 o] & w83k o] &Ko}

32PCl; + Me,CHOH
Me,CHO l Me,CHO Me,CHO 0
N Cl, AN NaF N_ A
POH PCl———> P
/ /& or NH,F VAR
Me,CHO Me,CHO O Me,CHO F

DFP-#P& “Cr 4 =i “Crst @7 MMkl (n )T Biketed ¥el A-2wo.
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B 6 B8 Xt X &

EESERLAYS oD BETAA BRI HRS) TRKES o 2714 3o B#st
T HHELEA olF N FaT AL ZEAFR/AESE ¥ ZEARKS wRESEY
ZAA 7F el Wi 19575 Wilzbache] &4 A& %S A o2 Wilzbachikelzgli®
Liga )

WilzbachiZx o — B LAY ZEARLL &4 HAS #HiE =2 2Ax0) 4z
=T BEAA 3~1080 KETL oh& ARAAHE A o] FLEY L ZEAKRE
EEdd mRPES  REES 24 57 98t SRS Bk BEAL o =H
KB #iEA o

THMERE —=FKE K BRAEET THRRE 4 ste Efste Hikdd HE=
A EE, B, B, B4, ZHRMK, Ni, Pd & A430. FRLaYe HO, &
F, BESS 2 BT REBES Y BRAA S99 A st 100°C M kY EiES X s
ol A& BEbAH Hel Wirhe BT Aold A HREe] delved o # o KIE
Fol EHD ik AKE ZQ WES metd kR ERLAwol A7k

A AR o3 71el BatigERs ®EAE 59 ohedt 2.

@ Liothyronine-'#I: o] #4434 triiodo-L-thyroninex} Na!® o] 9} [Eifha]  2r#ad]
9’].8}] /(-] Zﬂ &5‘1‘;}_. 463,47

@ Urea-4C;%®

CO(NH,), + #C0O,—>*CO(NH,), + CO

o] %RIIEA Yol & <F 40atme] EEHel o asic).
® "CO,% urea, cyanate, carbonate A}o}8] ZFHARTE»S? ;
@ "CO,¢} carboxylic acids Afo]2] ZFHAFTHES!»®> ;
® Ba"CO,s} potassium cyanide A}o]9] #Z#fTFES :

£ & K %

LR JTEel AL Aol WA = ARAEe] vmy) o Bl ALBK HE
o gfFste ot gk 53 BEHE, B%, SEETY £BESTE C, N, ®Sgow
R by, FRENo2E £4AKd %A ¢¢ F o 2o £98E 44se
Aol did e HEARC wHae ENECSEY #5E 3¢ F fed 2R gL R
Bl FRel dolrvte ode]l nBolr] A Ed BRYLS EEFA AR W) =T
Hle] £geRd TARL gd B—taYel d8A ERLayel F45 R 85
iditee] ETHAAY 2 BEMEE 34 BT & K& BBl 2ev ¥ (b
BHERA AL 24T & g RBEREY ARIFET BE B BBt ¥

+ HE A% AL AAREY R Aotk AAREE A Rl A 4¥E
T ed T s AR fikd It Sl ol B deltAE &Y ¥4
& AgSav 2y £YBENE ALstetd whet b %"l HomogenatesE-4] &
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MRS Agste dx gor] =3 fARES LBHEEEL] dilld Alde Aoz
A AR R g ES FASE 4= slsth

BMRREE MBSHE HE—EARET 7MY dEe] MR Jkelal sAlnk FEEpe R
A el kirsha Gom dE ATl drh. HiAd chlorellad] EHEEHEE =704
Hol L MmAFEAE Hikbae "E‘ 7é~* Aol e} ‘

ipReel Mo M8sl= H o] A= WHT IE AdTae —iAvd kel
s & & 9ok JJJH* £ homogenates, [f#flfgko] v} Lf52] homogenates, M=
A S ERE I MEERES 9549 cholesterol-“C, ATP-%P, lactic acid (carboxy-
UC)So] ARE I Yot EEFY MG witd BB A9 Mk FmHEE At
= 1 E7 “ﬂﬂwﬂ HREHRETTZES] Rl A o) AARS ffle Bool BEme= 4=
= AHE & e AxE gk '

BEEMBRINE ARt HE—2FWIET ASsE g sk R A
HEo A —giel EAEMEE Ak, “COE dolE HiaiithdA HYE REAVE
o] REE L glont fede] Ex Esteh. o] A ML MR WslA Wz 5
stobe AE shle) giteleh. zelt, ol ® BT (LAY A o W AR &
EE = Ax 9t

BZEmel ~HHe MBsts FE——ETL ASE HARES T APl Kk
e Es e sl dh) £ ﬁ&*ﬁ(tobaccoq #), Fepi(cannad] #)ol HAIHH
EHE AR5l HE—55 A45E= AL chlorella vulgaris 3 pyrenoidosa E+&
ellipsoidae 59| LS 7ol #FR A, ol F L “CO& #4T KHKWoR Fn =
MES EREo TS BTG TS KETANA FE3] Bigstel aHe) MREBE AWEts
HENS Alola glvh. ol o] Mefigel MR KMol ol9 = BSty] W Eol EHLEGAHES
HCOE Agd 471 vk, =g “CO9 FIMEE B3 HRETHRS Fipde “Cox A
o) B2 Syeh. BEEEG webd e fEsd e EEGAaye BEE s A 24T FE
°l71 o Bo BEEe B A = JBEel w2 AL wE 4% vk Chlorellay H—#
o] £ L-amino acid® #A| =& =] dg A-&5 31 9lrt. Chlorellad] = g7x]  FiEG2
Bitste) “C-{La49) Mgl Boptel “COH nislA A A5l UA &7 =@ &l
BBl A BEAA A s “CO2A EksT S dtebe Helvh

HwEMS MBS A QurA o = BE(LES] HEYE %9 BAdys e N
| EAE S SR Qe ol E BkgelE Aus Al Fimel 97l dEos
A, “COE RFEPWo = FIAG] glucosed gl=t HWE YL =3 Bl o] ste] #5024
B S-methionine, 3S-cystine$ T -F5E BHUEL ARAZTE Q7] ol Ed] ol F amino
fpitel A By FIBY kA= BT B ALRoRA 543 RES 4
2% b J =3 HERA oetAd e 54T RERE 223 #RERE e 7 e
HHEe] gty Aolvh. A virus v BUEYHEEE E#HT = dh

X0 23 RES FAsSts AE—WENHTES LENaREET dddoz B
A B E"ﬂikM U X0 i 2 I e i “C%’EE AggrozA A 44
T vk MR & = WeoRTER el wEd: = BHEES el PR
o Aol wHifisli gt ﬁﬂﬂﬁ 2 7t BERERA &e3 ‘ﬂ?ﬂﬂrﬂ fEdEo] Alzso B
KPR TR Blel wTEAl = 3le).

[=]
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AR A% WA HHEERY ARAE T4 O 2o
@ “C-propionate & “C-cholic acid : 5»%®

® “C-farneso : 5

® “C-polypeptide : 57

@ “C-cholesterol2 3] “C-cholic acid®] &% : °®

® Frgiel ost NC-FEmpo = 38 “C-EHhmee) AR %

® “C-AARE % KeHEEFE(Table N BR) :

Table IV-—Biosyntheses by Labeling with Carbon-14%

Product ‘ Substrate Yield( %) Organism Reference
Chlorotetracycline Glycine-2-4C 52 Streptomyces aureofaciens 61)
Dextran Sucrose 8~12 Leuconostoc mesenteroides. - - 62)
Neomycin D-glucose(U)-  19.5 Streptomyces fradiae 63)
Penicillin Phenyl 1~2 Penicillium notatum . 64),65),66)

. (aceticacid-“C) :
Streptomycin D-Glucose(U) 1 Streptomyces griseus 67),68),69)
Terramycin © Acetate-2-C'* 6 Streptomyces rimosus 70)
(Oxytetracycline)

S RER R0 oI Bk

&iTel ol 22 PRHIZE SA BRI gl =2 g BatEsdEe] MERA BEEE 2
Brol o] 2olA HAvh. vl &Ryl HIERS: iRe] HEkio 2 weulolnl o] F MEMR
BERES FTE =t #2222 8E BB dv WiEEe 2 ve] GREERC B
R A RER % AAH R Ebestdrt. b o] W#E-2, Brookhaven Na-
ional Laboratoriess) -‘%]'éﬂzﬂ Agow TS WM ERS4E R (radionuclide  generator;
4 radioactive “cow”)™ % wulqto} FE3 gl o]AL —Ee HWEE=A wad B
Fia BigEo Yy —ERUE SEadd BEES mliss Aotk o] &KES R
E 192055 o]v] Faillas} #Raz 3] 2Rng Asid S o A< Adsges = 5
Manhattan FHEPd] 1ol A MaHERMREAE R o814 “Baz e “Lasl SEEsidd A
olth. HHIY) TEK radioactive “cow®i Brookhaven National Laboratoriesd] 4. - g} 132
Te-132] #£E™e]n] Holo] o] 7} D}E BRI ALEHAE. oA E AL SR
ﬁ;ﬁn),'is),n),n)o] ;;L]a} %1‘;]‘ :

SHEEB LR = F7HA typert glvdl “BREE S “EEAE7olch. T WMl 4
AL WEH A Fout HEE Fiel 28 Y& WEY Bhelrl. Figure 1 ¥ 24
F7HA typed] BARE ERFFCH. Fig. 1A & *Sn- “*”In system™ & 913 “BiBEL”
AHRE VL e, ole F #8 =v TH2SUEEZY, HiReR Hdye mRE
8, 22vlE 2ol ol & ARELE (A /ol HikfEe] BEF Y Jlod, KL EE Bl
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AcHutlE, alumina 2 Zlel dEfe] 2AEAIG O]l AHEE L Y-g)olrh. YA HikEEo
AR Bob RS BURRES Sbetel Trolw BUMS 2 9= A e A7
[ RS 29 S0 ERARORA =, Wik(elution)s] o] RKES Aoz 2y 4
MEgtel. o] #B{ES “milking the cow”sla gtrl.

“HRAT” BAESE BB v TRE MR ey Fmel 2IYC &) 2
z2%o] Z tlEr. WS 2EEE 325 o= autoclaving A7 AV =E uleE] @iEx
pyrogen-free #H & AH&-5to] FEAERTS MPERETA AASAL del. BWEES MRS
+ 0.5% phenol2-& FFEEMZL A4-xch. Figure 26| A% WaEAERY 1ES ez
=, BWiEe SRl Fedd ga o] Feje 42 FeladFad oA 2RE ke
Adsol gekh Bl ESge] 2o Yv 9 FuE A APV BHES med
2y RS Wl Millipore filter unit® o]l & AX 9vh. #3289 HAMH
BAESE o122 typed A& Arg-sta gl

A BREEESY 2 A 9 oes 2

® *°Mo-"Tc System(Technetium-99m Generator) : 8283),843,85, 363,871,385

@ "*Sn-11"]n System(Indium-113m Generator) ; 3979

® “Ge-*Ga System(Gallium-65 Generator) : 2192

@ ®¥Y-¥Sr Sysiem(Strontium-87m Generator) :; 9%

ohsat 2 oA Btk 2%e) 452 Table Vol #stadc).

ToE B WS e MRS b5 Table Vo fRiGlk#Es et

Sterile
Saiinz Solu

Lead shield

Glass column
Plastic hojaer

Retai ning r,’nf

S T Hydrous
Zirsonium oxide

crysteals
” ‘e
T F/Lffd d/‘/C Mi///'PO}'e
Filter S
unit
—
Il o
Figure 1—-“Open” type radionuclide gene- Figure 2—“Closed” type sterile-radionuc-

rator used for 3Sn-137]n gsyst-

lide generator used for %Mo-9
em®®

mTc system®®
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Tabte 'V —Characteristics of Several Radioisotope Generators®

Daughter Radionuclides

W8T H3n 8(Ga, 817Sr
Half-life(hr) 6 1.67 1.13 2.8
Gamma. energy(KeV) 140 393 511 388
Mode of, decay I.T. LT. B+ I.T.
External photon yield(%) 90 64 176 80
Parent and %Mo usSn Ge sy
half-life | 2.7days 118days 280days 3.33days
Method of r(F) r c c
Production BMo(n,7) ~ “*Sn(n,y) 89Ga(p,2n) 8Sr(p,2n)
Column Alumina. . Hydrouévzirconium Alumina Dowex 1%x8
oxide, alumina, aniQn exchange
silica resin
Eluant Physiologic 0.05NHCI or 0.005M 0.15M
saline HNO, EDTA NaHCO,

Table V. (Continued)

Daughter Radionuclides 132] 88Re 1B1Cs 109Rh #Sc
Half-life 2.3hr 17hr 9.7days 0.95hr  3.97hr
Gamma energy(KeV) 773 155 34 20 511
Mode of decai’ B B E.C. I1.T. Bt
External photon yield(%) 89 10 75 — 188
Parent and 132Te W 1¥1Ba wspd “Ti
half-life 78hr 69days 11. Gdays 17days 44yr
Method of production (F) BIW (1, 1) 130Ba. (2, 1) c c
Column Alumina  Alumina Carboxylate — Dowex 1Xx8

cation resin anion resin
Eluant Physiologic 0.15N — 0.1M oxalic
saline ammonium acid and
acetate 0.2M HCl

Abbreviations: I.T., Isomeric Transition; E.C., Electron Capture;. F., Fission Products;

r, reactor; ¢, cyclotron
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Table V[—Important Radiopharmaceuticals Currently Produced Commercially®®

Radionuclides

Principal Pharmaceutical Forms
Now Available Commercially

Trade Names

Chromium-51

Cobalt-57

Cobalt-58

Gallium-67
Gold-198

Indium-113m

Indium-11

Todine-125

Sodium chromate 3'Cr injection

Chromic chloride *'Cr injection

Chromium EDTA 5'Cr injection

Chromated *'Cr serum albumin injection

Cyanocobalamin *Co aqueous solution;
adsorbed in capsules; freeze-dried in
ampoules

Cyanocobalamin 7Co injection

Cyanocobalamin 57Co diagnostic kit

Cyanocobalamin %Co aqueous solution;
adsorbed in capsules; freeze-dried in
ampoules

Cyanocobalamin %Co injection

Gallium citrate ’Ga injection

Gold '¥8Au colloid injection

Generator yielding **”In
Kit for preparation of **”In colloid
for liver scanning

Indium chloride *In
Indium citrate ‘*In injection
Sodium iodide '*3I

(solution or contained in gelatin capsules)

Sodium iodide '*I injection
Iodinated !**I serum albumin injection

Todohippurate sodium ***I injection
Iothalmate sodium !**] injection
Liothyronine 2]

Liothyronine ***] diagnostic kit

Rachromate-51
Chromitope sodium
Rachromate injection
Chromitope chloride

Chromalbin
Racobalamin-57
Rubratope-57
Racobalamin-57 capsules
Racobalamin-57
Racobalamin-57
pernicous anemia
diagnostic kit

Aurocolloid-198
Auroscan-198
Aureotope

Isokit

Todotope-125

RISA-125
Albumotope I-125
Hippuran-125
Glofil-125
Triomet-125
Triosorb-125

T3 diagnostic kits

to be continued
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Todine-131

Iron-59

Krypton-85

Mercury-197

Mercury-203

e IR Bk

Thyroxine 51
Thyroxine 1?1 injection

Thyroxine 2] diagnostic kit

Insttin ¥ injection
Insulin ™1

Todinated ' sarum albumin imjection

Jodinated 31 serum albumin injection

in unidose syringe
Iodinated ¥ serum albumin
aggregated injection

TIodohippurate sodium '*!I injection

Liothyronine 3

Liothyronine **1 diagnostic kit

Rose Bengal sodium 131] injection

Sodium iodide **'I injection/oral
solution/capsules

Thyroxine 3]

Thyroxine 3 in vitro teést kit
Ferric chloride *Fe

Ferric citrate ®Fe injection
Ferrous citrate *Fe injectidn

Krypton solution %Kr injection

(solution in vials or in disposable syringes)

Chlormerodrin ¥Hg injection
Merisoprol acetate %'Hg injection

Chlormerodrin **Hg injection

Trikeki¢
Trilute
Tetramet-125

Tetrasorb-135 T4
diagnostic kit
Tetralute

Insutin-131-H Imusay
RISA-131
Albumotope I 131
Unimatic syringes
Isojex syringes
Macréscan-131
MAA ' injection
Albumotope-H
Hippuran-131
Hipputope
Triomet-131
Tri-thyrotope

- Trisorb131 T3

diagnostic kit
Res-O-Mat kit
Rose-Bengal-131
Robengetope 1-131
Theriodide-151
Iodotope I 131
Theriodide, capsules
Oriodide
Tetramet-131
Res-O-Mat kit

Neohydrin-197
BMHP Hg 197 injection
AMHP Hg 197 injection

Neohydrin-203

to be continued
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Phosphorus-32  Sodium phosphate 32P oral solution Phosphotope
and injection/capsules

Rubidium-86 Rubidium chloride *Rd injection

Selenium-75 Selenomethionine "Se¢ injection

Strontium-85 Strontium chloride #Sr injection Stronscan

Stontium-87m Strontium-87m generator

Technetium-99m Technetium-99m generator/kit Pertgen 99m

Technetope I
Ultra-Technekow
Stercow 99m

Sodium pertechnetate ¥”Tc injection Pertscan 99m
Technetium sulfur colloid 9”Tc¢ injection Tesuloid
or Kit
DTPA technetium *"Tc Kit Renotec
Xenon-133 Xenon in aqueous solution !'**Xe injection

BES ] glol Aol MgHEsEme] FIRL B9k 2B ¥ B =R Uie s 9l
ovl gox® g ¥Rl Mfrsa & vk FEC BgHEsERe 8UE, WHE, fths EE
AA A}{eh ol8 T2 Rbel A vl MEE TR glol Aol Mt iEES LK
o] FES /= R ot —rEgEMe] MikstE & obE AEE WNEG 2 REE S
oF o7 & HFA FFHn Y& HiFlvh Lev Aelde HP:N ZE7 T BE TG A
ol F ZTE Aol Bi|dth. old HFHKE HBRE FH2IL YT 98 1‘%&%3*1 AWE 2t

31 @A & Aelw ol & oluzbal vk KA RS AASE Ad AuUA Ee
71 Wl HMRl B HiztA = FREHA Zdgod z oA 2% 5(%7‘63 HEA wel

Ao zA o] FHE B ¥ B zEolet® Efo] s7E ulely otk
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