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Radiopharmaceuticals are drugs that contain radioisotopes and are used in the diagnosis, treatment,
or investigation of diseases. Radiopharmaceuticals must be manufactured in compliance with good
manufacturing practice regulations and subjected to quality control before they are administered to

patients to ensure the safety of the drug. Radiopharmaceuticals for administration to humans need
to be sterile and pyrogen—free. Hence, sterility tests and membrane filter integrity tests are carried
out to confirm the asepticity of the finished drug product, and a bacterial endotoxin test conducted
to assess contamination, if any, by pyrogens. The physical appearance and the absence of foreign
insoluble substances should be confirmed by a visual inspection. The chemical purity, residual
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solvents, and pH should be evaluated because residual by—products and impurities in the finished
product can be harmful to patients. The half-life, radiochemical purity, radionuclidic purity, and
strength need to be assessed by analyzing the radiation emitted from radiopharmaceuticals to verify
that the radioisotope contents are properly labeled on pharmaceuticals. Radiopharmaceuticals

always carry the risk of radiation exposure. Therefore, the time taken for quality control tests should
be minimized and care should be taken to prevent radiation exposure during handling. This review
discusses the quality control procedures and acceptance criteria for a diagnostic radiopharmaceutical.

Copyright © 2021 The Korean Society for Clinical Laboratory Science. All rights reserved.
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(isotope) & EQPIH URITHo] 5L0] Pk WHA| a1 2P
2] 0 & ®AA(radiation)S BE0HY th2 F50] ¢xjio g
Hol= AAE WA E9 YA (radioisotope)Ekal SHEHS, 9].
HAMS AT Eshe tEAR] AR 0 = dubAd, H[e}
A, 7Aool QITH10]. FupAda wiepd2 oS 71 Q=
UG AP S 2 43 ol28Kionization) A7 = &
go] =17] wjiZo]| A|3ze] Ao 2l fAEE Halok=
deoxyribonucleic acid Fa= AlEERS oh| k4= Qlo] AuhAl
T2 HEAE WSSk A YA A Al ERAo R
FEARGECH11]. AP T B o] ARk Al o = &
ot HjepA o] Hs B8 o7 = s Aoy 54
= Fok= 50| ot AleolA HE71E S5 AV E-HY
A0 AEE 9 AP =0 ER10] 7heslEE ZTd o s
AREEITH12, 13].

R HAMI Q| oRE-2 = 1]Fe] WAV ESHEAE ook
of| #A5}7] Wzl YrtejeREa} g SAjoflA| Fol== 13
ARGl W13 T oste] Smlgo g /o] A9 gl
Z 05 AR UrH14]. SHAITE 2T AP Qe E-2 FAH]
O] P = A= o] SRR} o] FAREY| wZol Ft2A}
SO R A|ZEojoFshH, A 2378 T n8E, v|BEAL A
AL, sehEd 52 @A Al A Aol ARt ¥ 71 4
W] ol ARE = i, A 9 AlEL] FEEET S-S
83IH15, 16]. 53], tHeWI==Z 20140 QJFEATAAL
¥27]°HThe Pharmaceutical Inspection Convention

and Pharmaceutical Inspection Co-operation Scheme,

PIC/9)°ll 7FistaA] HAMgQ|elEo] 9= ok A= 9 &
A 71¥4(good manufacturing practice, GMP) 7+39]
A& ol Z3heol wet F48E 9] S84 v F4E 1L
Uk AP QoRE Alx 9 Fde]= To|okE 5 Qo] et
T39I 19] QoRE Al W FATIE HE 1929 ¥
FOORE AR 9 A7 9 EH 3929 WAMIQJoE
Az 9 48] 7|0 wejof sh, ST 7 E AR
HE TRl obd |, Al 12707 wet A|33gtct. A A
O|ofEo] FaTE] A =S Al EEakd Al
EERT S oH, e AP0 FHAIY, AeEAlA
9, ot Qb Al Ao, EESleEA ARl 0= AL,
SRIAE, TAEIRH AT, o]dE AlE, SIoHA A,
284l AR, pH, B-8/3°18AIE, d5HS AR
(Figure 1) [17, 18]. & =FollAl= HAdeloREo] 47} F
AgE ASch= AIEHH E w72 gt AR RS
710 =N ek 1AM Qo] FET Ao Higt o]
S FaAF g

rhr
rhu

FAAS] FEl = Al 2= AP RS Aol Fo =7
Tzl T84S HIEA] Eotofof Sttt Al A (sterility
test} A|lE57g0] L GA2JRFAA Al B Meto] 2
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Figure 1. Classification of radiopharmaceutical quality control.
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5171 o] FtA[Ho) ARESh= vliR| 9] A 50] AtetA] ERlst

7] $Iol AR IA B S Zeasol stol, Mg EE o] 4]
£ AFRIAL B 2700] o] Sl A9 S EAA
AR AATSIe] Aol Hakek] Yok gk

MR A EIAT B S HiAS] A S Wi A

it SAAL B SIS AT 5 L B
FHABE oFel IS WESA S Afe| @ Felz bl

R 2} t =7 FAQIASHI A& Z1212] 2= 270004 1447 H S
SIS o) mAES] S4lo] gk 73 ARt A 0 &2 gt
HIA S A HiRoll EE0RE S0+, @718+ R Xt
< 100 CFU ofstz HERt 5 &2 54 o7& asio]
Hjx]9] R84S B7IRITE iR SAIO) AR EE o
F= WE| T ZFAMNR|O = Clostridium sporogenes,
Pseudomonas aeruginosa, Staphylococcus aureuss 3
ZFolal, 5T HARIASHIAN = Aspergillus brasiliensis,
Bacillus subtilis, Candida albicanss 35<FH20]. ¥iA]
AR Al ZH2te] mAEo] tish o] Hijx|-87 | & ARE-SHoF
s, & T Al 387 K2 5U7 2ol A] Bliekst
o] Z2to = TGS ) HiA| W) F=31gt nAdE L] S4lo]
2 73 "Rl 9] Ad5o] Agtt Ao = wAgRltt. FtAIEol
ARSI HiR = A ZATSEAU AlERIAIE oo} ARES
T AUk AJHRIE ARES - Al RARA HIA S SAIE A
AA7} A SE AT AZAL ARG A 2 iR AR A e & 2
035} 2= gl o g TS A A FSA| DS S=3sfof i)
A7 1L HiIAE ZARE HiA|(batch)aet AR
SIS AAE 0.45 pm ofske] HH Q1
T o3t & ARG A5 THA| ot HE | RIG S HjA]
o] Yo ujjosl= W} ujz|o] AXS AH 4o
T A w5 LR o) ESto] Hidsh= A Ro] At
SHHATAIA Al ol HAE HEHA 2 /3=
I ARG A HET RS E AL} A AE
M HER S% ‘ﬂﬂ WIAIRE RIS 5U7E Eigsto] m]Ag

-

a

[;

Korean J Clin Lab Sci. Vol. 53, No. 1, March 2021 3

20| o] .2 BT, K210 VHIIGE 1] £5
ATYAEE iAo PRt 555 )R] Z4)

SIS 749 Ao s Wit A AV QJeREel 7718

Lt Tween 802} -2 H]o| 2 AlHE/JA7} 23t=]o] &7

S uPYES] FAZ Welidh 5= Ao B & SAHARMIAIES A
Aleto] H7HA|Q] A 7o RE SRlsfof gt A %gt

/l-]/\] 04_1,]-__7(-11:&2_4'%1%6]/\] t,_[_ ]%] A]/\] vl _Sl._«tﬂoﬂ‘é‘

Aol e ot Ao At &4
q&%w A3 “é! Bl et el W &
2 SabiR|} o] @ el Ak Alo]
ﬁij; AL 140 Y T 2l S9H05
Fofo] Sezot |t vl WA ) e 0B 5
Ao] P=|| showl A nEo] ogdulA) ghe How

TA3IcH19]. HIAAJ QRS B S0 AS ARl E 2
R|zol| AL AAtAfoh F O] AL Aot Ul ATES

OEH7 == EREA o AR @@Joﬂ e} AV H|
71EE R A AA12] &3] viAlEEe] 10%E
A Q= vijA|of 21 55| whioll Al Al HiARE 2]
Shot. ShARE R B I E 2 2|7 B e sial FhE
o} slAHo] ARGE|H, 213 H T} g2 O] HiRIE ARESH |
w0l A ETH A8 7 =0 AV E 7| =0 ] Ho]
=R o] Qi vl Fd(United States Pharmacopeia,
USP)<823 > 9] Fretoll= FAIE Al LA AMI Qo=
O] &4 E017] Sf8l] HA || FulE FAaslsto] HjA|of 55
SIS g0kl 9low, 1 o2 10 mLY] HAEIA|A 0.1
mL2] A YAV RE-S HE oS HAokal QTH21]. o]

of RIgkg AMIOIORES] FpAlRle W elmerrt A
o] Zhala 2QiARte] A AAduo] o A &

TABL vpAPA oJekE o] Bt} whAjo] Tt 24| AA|E uljA
of) Z4535to] BliFsho SHARE ZRdAte] ®A T w F(radiation
exposure)= 1L#510] 30417 ool HEsHeSE USP<82
3>0flA ALl Slet 30417t X]” 735 LA =AM S|k
=9 Haﬁiﬂfﬂﬁo] ] J= 2o JFE =590
E 304K oW Esto] A= "e‘/\]ﬁi}‘:}.

2) AEEMAHA

A=EAA I H(bacterial endotoxin test) FFA
(horseshoe crab)2] @A 2248291 glo|Alo|E(limulus
amebocyte lysate)S AR&sI0] WIAEZAQI A=EAS A
S ok WoltH22]. 1 S/dwe] Al ek
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ok 58 AR A A|(lipopolysaccharide)=
4 2 AleE40 R BT A Y TEe dorl= =4
7P 7] 4R dEA itk AETEA= O-3
(O-antigen), 341 tfd5(core oligosaccharide) & A-A|A
(lipid AR Fg=0] Y=t ERe= A Y 2d H¢
AATGAE T8 2/379] 9ol 1Yok TS o= A-
A do] A o] HAA AR A=oto] UE F s d/d £
Po7|= A= LA SITH23, 24]. TR Q] UHHA|
15 A WL EEAS AEsE 2 SIS EAE

Q=S4 o] et HAF=EAHE2 AS 1.5 ke

et
ot

rE ool
i)

S

g2l =719 Aol AAIE 7o & ddsEd Aee S
goto] T 249 75 TSI in vivo A= 4
APAZEe] @2 ] al vlgo] @o] E=ho] itk Alke=A4l
A2 A ETAP ElolAo| B9t REgdto] -SaLAkg-2& 4
7= YEE o83t in vitro AIFHOE AARTHo| 7k
E71E o8 DA R Tk T ool ot
B2 F559 AlgHe] d=SAAIHe R tiA=AL

—

25, 26].
AE=EA] Aloll= AP (gel-clot), BIEMA(turbidimetric)
2 Bl (chromogenic)®] AT Al Al A AT 7
ZJolHlo|EAIY f SAIRIARI factor C, factor B 4
proclotting enzyme= =X} 0 2 S35} A|7]11, FEH 0
2 ZAJslE S8 M clotting enzyme)”} coagulogens
coagulin® = HPAA A2 Fok= H2E ol-8RITH27I.
YutejokEo] Wol ARGE= A2 HAZS Zlo|Ao] EA|H
7} 37°CollA] 1AIZE HEGAIR] & 0] P RE BRF0 & o
QIto] Aek= Ao o). AV &1 ¥d= ATl A'go
e} ELFYSE dlo] FaE|of QYL A2 Bisk] wiizol 1
AsE S0t HEE s HARsTe] AR R Aash=
4] A= AR v | (half-life, Ti2)= A 9I3HEHS]. Mgt
Q] URIAIEH jofl A N=EAANTH S AshHES T4
SHAIE ATk AP o) oRE-2 RV 17 A7 whizoll Aok
HAMI Qo] AI=EAIN Y 0 = A-85}7|ofli= 2HA7} Sltt.
==X 5 HPAHHLS: coagulogen THA] A HELO|
TS ARSI R 02 ol A|o| EA| At 2| A ehdA| o] ¥ES-
© = ol -ara At Hejo| E 2R A7) Ql uf
Y EZoPd#(p-nitroaniline)& -F-EIA|A g © & HAH
AN TF=E S7F010] MNeTAS FPoloh= ol
[28]. WA 2JeRE9] T E4INAH2 Ao Tt Zlo|Alo| E
AloF, 714 9 QEEAIREFC| W golAolE 71E
YAE ARGSE B S =2 ARESITE ZlolA|olE ZHEE]A]
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Z/J A8 (membrane filter integrity test)S AA|HoF Sk}
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ofxpute] 771, A, 5/ L AlE2] 2710 wet S8 %= Fa
Fge] 27771 diizoll AR HE Q] AlRAfA HS)H
= HEXRIE 7|E3e = A9E Wit olE S0 A
OlofE0] Hfof| o] AR&SH= Supor® AEF 0.22 pm (Pall
Medical, Port Washington, NY, USA) A|H1X] HE|Q] A ZAF
T HEZRIE 7|54E2 46 psi oMot ek HEXEQIE
AIE Al S79U4=0] 46 psi HIRHL 749 A=A e B s
= A= $=3¥5HA] 2ot A o= mrgRltt.

HEIZRIEAY A] AlRALIA B 6= 7154k olste] &
Yo7 SHL= 73 ot S EThAY SkAof &4Jo]
U 7Fsdo] At ShARE of o] F7-5] A AU
APIQJelE W 7180 A A7 23t o] Q1S 7% o
ko] FHAE0] WolkA MEIRIE ZA4gho] 7|4k olst=
S49 5= AH31]. o] B FARRSTE 85| E850] 771

Bt AFRGAE AARE & A5 St

2. S|k Al
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Y appearance)> 2JoFEo] A AL, o, WA 52
S THolo] TAic BPAMI QJoRRO] AT AT A
= PAMI T Z 0| o5f] ZAR] Aol FIFE 7
2 A3} FAko 2 st Ackg WA QoRE2 FALA|
O] FHZE AR EE FAR2 HAolct, |3 A3l A
0.22 um2] AlAX] HEjE ARgsto] Eate H¢-
U RS o "Ejo]] A#A|A| FHEZ Ak
o] Hc}, AR HE kg WA ojekEo] FA 9]
2 ofuct WAMIQoRE W BEAU R 807t
2 745 A2 tAE E 4= 9t} TS SPECT-8 HAM <]
I 2 HIEHSHABHLRT(TT0) FAIHL Z]Ho]
10~90 um<! YA E|ZYIE-99me] SFsHE o & Agts
U= Fefol B2 SIAS- ml= FEf o] JARS 7RI, AdAY
|90 & FEstu g ALY O 2 A| R = WA OloRE2
Al st Hyato|Qof] IS BPARAQJoRR0] AJA) A
S Al 29 QSR T E-S Fo]7] 8] ok Al 5 A
14 W B3 Aefjof| 4] 8Qto g ARl
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=
o
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:
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2 rlor
%0,

rlo
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(]
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o rlo 2 19

S

2) SRINIE

ighl=rebd B30 M2 ERIAH(identification)
OJokE 52 oJokEo| T FEAE 59 EA4S ERlsk=
Al 0= 1783t WA Qoo AR/ w2 WA a9
A7t BAE BASRIEZA A IAMI Q] oREoA e s
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AR S] A S EA AW A =RE 1w E ARgsto] 211
S}, AR O] EA412 ToiRteRde] AR, 5 AR
o] wet updAsE 2aE Y b2 (onization chamber)
OF A3}, EA-18, ©4A-11, EA-13 59 Fa =
WA S dae HollA s PR LR A=A}
9} ZE=510] AFEWHA 511 KeVe] ZubAl T 7HE 180%:2)
7 2 WFESIH34). 822 PETE HAMI Q=S 7kAl
AHEZHER 57 A AHE-0|A 511 KeVe] oA g
oA 4 WA E SRS = k. AT E 20 R 1]
Al A S A& 0171 flste] Alg-137014 FLE-573}
o] diFo] njg] ZRIH A A Y= ARESte] S |

of ouix| 5 7 HARte.
1!

WAV QoREO] Wi | SR Ao = HA| Aks
(Ao)= 783 & A A & 5 L3t 27004 ThA AN
9] AR (A 75510 AR AD] W HARES] e}
£ 74 T = -0.693 x(At)/In (Ae/Ao)°ll tHYst] 7S
ARETIH 18], B4-180] HAH PETE HAMIQ|elE2] vkt
7)i= 11020 A5t 51824211 9] 5E-2 -85} 105~115%
olfid B¢ Ao = ARt

IEntETH = AUEHEAOR AJFo| ofEE H¢
Fefglebde] ANAIEH ) 5 B =rE 125 (thin-layer
chromatography, TLO)W HA|ZZ20tE Tfu] 2 A|$ght,
TICE /o] g Hgo AlRE 4 Folgidez A
7fete] AlES] A2 Eelohs HRolth HAMIQJeRES]
TLC= T2 Agj7do] =g fou d5uls & 1982
2 ol ARgsh=t], Al k= At 442 HaL Qo] YR
o} H| A H5/4R1 -8fE AREste] A 3% =40 ARt
EHYTE YR A7t 21t o] et s At A
o 22 HEEX9tF/do] et EALSE SiE wt e
707t =eH35]. TLCS] EAk= thaatt 2t A7 zof| ol 54

Q:

1 A7NEHE AHS-aL DHAA 747 2P A Hh= the HE
I O] 2 cm Hi= YR RS AR S g S AR
ofl 237 -817} 10 cm A7 F 7Adjo] /EHE Tk o
HEOJoRE-2 o5 HHH Q] YRI5 ERIsH | ffsl A RS 5
SEAU Z1e)A Slof] IHEkeRA|TE AP Q] ekE-2 WA -TLC
27 (radio-TLC scanner)E Ak&sto] HASI5HE0| o
S R[N = A N2 Ssto] ERIRIH17, 36l &
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Zo] g0l HEE QA {retention factor, Ry) o= E-A5}
=4, Re #2 E20] o} 53t AZE A&7t ol 53t A==
LHrolE Zho 2 Holgict tiEAQ] PET-S HAM 2Rl
2-HISA-2-E20 2-D-Z2IA(°F) (PFIFDG)E oHE
YEH - & S3H(95%:5%, v/v) o5 do=2 AN of 2|
% HASRIERI [*FIFDGY] R 3+ 0.40]1, BAE)A]
EA-18 50129] Ry gk 00]t}. 'A-TLCAIN A& AR85H
o g5t A=ntE oA w59 HA 0 = AYRREAlS 510
HASRIES] & AYol=t, 7 RS0 539 &
T2 10022 7155192 uf ['*FIFDG2] Re Ftoll 4351 3]
FAH0] 90 2t 75 A3t A 0 = THAIITH3T]. HAL
A EASRI g} 5152 o] th2 7] ol WA EAs)
=0l A2k A/NHE ARESof gtk E5], Ryt &4
270 w2t o 4= e = HAN #EEE0| Ry gh& =
ato] Ao} sick

3) Al

(1) BAolE

AR o152 5YU HAMI G AUAE o=t T
o sME=E Aot HAuE-99me| #AJH SPECT-&
A QJoRE-2 Aol B7} = A EAol SHA|2F HAL
YT Hrtsto] 7HARt 0= HAT & A,
PET-& HAMIQ|oRE2 AV B UAE SJoREe] =5
flote] 2|k, 7145l AL, ol 2w eh 52 thet 2et4]
WS 28510l o] S72] A2k ARESl7| iizof Al
oA A== FAE E E0EC] SURE B7Tsfok titt.
HIALSISHA] == AJ¥(radiochemical purity test)2 A B
AP 2JoRE ] AR ol ES 7= Al 0= ERIAIY
o] A=ntE I T} FUS|H.

S SEAES F2 1% A IRnkE T
(high performance liquid chromatography, HPLO)Z &
A3ttt HPLCE= ol &iE HEE S 7Iste] 184
1 SHIAE QIR 2= f FFsto] A= 24| Wizl
A=A Ee7wiEa HEt Aego] 7hstt o] Qlrh
A2 w2 714l wet A, AR, 271EAREE, o
22 05 FRol=t, HAMISEe] HPLG= Agj7do]
vl2/g 287191 SEH|A(octadecyl, C18)°] A3 SEH
AT HAS SAA| = AR QRS 7S ol ARE
SH38]. P2 SAAH RIS H AL Qlol S4-8HE
ALEsto] &3 79 Bl=Ado] AR A YSE A s] v v
QANHEA-18 ol 23} o] F4do] et BE U= SHiE

¢
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uje} ] GEHTH39). ZH AlmAdRe] ZH= stste] A
710A HE=] o] AZ=VEE T3] 1 H7}F e AR W
& Al Hretention time)°]2} k=T, HAY| HEF AZFS
=49 HEF AR Bl wsto] A33EAS S 4 lcH18l.
FFEA L TLCRH5 YA ZH 222 HF-& AlKtell sfidst
£ N THAH | FFoA EHct= HARRIESY] HEE Al
Sigohs T AHA Lo R Wi B] o] WlE-8(%)S 1ot 4k=
gl

(2) o1&

iRl oR F2loflA] o] AF-2 FA =AM S 0]
o g S FFeE AHostal Ut olFF Al
(radionuclidic purity test)> ZRIAZ ] A=A} 5
U5t} PET-& HAMI QoS AT EZnE| = 57 A
511 KeV ©0]9]9] o A] FHGollx] 137+ UehA] 92 735
A3to = WARITH18, 40]. Tt AP A E oA AP
O] x| A=F o R]of| Sid=]= 1022 KeVe] ol R G HofA
037t AEE 4= 9o, o] B Ao = Wit

(3) 3fetol=E

OJoREA |z AREE Al2F, 8l 5 FA| Yol A ThE-E
AA= A G v]e] sFalolEo] LA WA ojekEol =3k
5 917 2ol Bl 5187152 Akl 315k Al
(chemical purity testr AAJot ZkEAHZ SRls]of 3t

. EA-182 Q5871704 7eke ARt 5 &
AR Aka-18749] *O(p,n) °F SAREG-0 & A g4 A
AF AT E4-18 30|22 & A 5kE] o] Hkg-do] HojA]
b5 535004 77181 5-0= ATt ol 5AIA XS/ g =2t
o] a2 5717171 §18ll Aols Sull(phase transfer
catalyst)S ARSI} E4-18 FX| HIAMF QJoRE0] A zof W
o] AMgBE AolE Zule AYEAAKryprofix” 222)9}
tetrabutylammonium hydrogen carbonate”} ItH42].
0=t A1 E0] R A2 A AP QokE W AHET AL 2R
518715 50 pg/ml HIREOZ stal 91y, REoRdS
tetrabutylammonium®] 27587152 2.6 mg/V (V=%
o] 715t Xt} Fu) ofsl= skl AUTHA3, 44]. LA AL
OOk U Aols SHle 2187 1E At o F= TICE
ATt Al 558 YL Q= B gAS A
71o| T vigano] 14 & A7IEul= At oh H
T2 8 =7 S0k ANz il YA Asto] Ay
HH45]. A T 8210 2 IS uf FHHof|A] e v
9] 2617 |= Aol A A v R} ZI5HR] 92
o8 7|1EHT B s 2 ARt

Bod e

—

do



4) THEEAHE

g AV AR & 72 - A SAoll= o ME
YEY, fugdZAE, ogkE 59 77180171 AR5 | o
2ol Z273o] = LA PAMIQJkE W 2R 4= =8
9] gRlo] " QsitH21, 46]. FE-8fi(residual solvents)2]
S1-8RHE= AR RER P A Q] MojolE 2784 7] 7o) =
2Rl jof| W} ARk ofstE EAfsfioF gitt. 7le|=af]lo] wh
=W -8l QA v = Q= AP o] wEHA 7R 2
R, 25 12 ARS gAeoF S -8, B 2= 2
F= ASoF -8, X 32 A5/ |Hl= A2t of
NEHEZZ 557 2°] &51= |Hl= AlFs =71 410 ppmO|
a1, obAIE W fueAZA| B B 39] 82 Al¥sE=
5,000 ppme]t}. FEF-8iAI -2 Mglekd o] ARAIHH | 5
ZIAAZVE T IH O 7 AlYst, WRHEEES AMSSH
o] AVdH FA =R 8] 55 S7F6l= WHR-HEH
of| whet HFotS ol Alks e ololE HEE - ARt A
o= gIith

5) #2025 =X|5(pH)

o] AP QoS A W A Tl diEe] &
A FAFdIeRE] pHs Bl 77k pHZ 71 oV &leltt
[37]. pHE "HiRIeFIS] LRbAIAH 9] pH S7gHell wt
eld=0= | pH S4718 AR&3to] Al pH =74 A A
3, 373, ST = o= pH S471E w5 AR
of 5, FE|d=T A 2Lt o - BB B4 pHtel
42 o Aoz JoAe FEiS s U 220 &
gt ARG JeREL] pH 7% A-8E50l tet e 2 e
Qo zzol| A F45He pH 71%0] wkEch. [*FIFDGE pH
7712 57515kS W pH 4.5~8.59] H o] 23k ¢4
o g Wit

6) 22d0I2Al

A 9JekEo] B-8/do1EA| Y (foreign insoluble matter
testh "HRIFL] UV 9] E-8/dolEAId el wet
oF 1000220 227} AlSE= SAg vizot o)A =<t
Oz WIS I &-8-90l=0] 8l B¢ Ao TRt
o, &, Al AR 7H RIRE R9lo| B e E-8-dolE
Al Al F=efelior s, ’iAbd &g 017 sl AllE 53t
oM ARt

Korean J Clin Lab Sci. Vol. 53, No. 1, March 2021 7

7) Y

Ok‘ﬂg] xxé 13

tigtl=oRd F-2l0] 7|&H S oorEe &
9 2 10| Bl 5= S7F5k= AlFo o A QJeRE o
Hstrength)> HAQJE 0 2 HE WEE= WA 24
&7) W F1] 2 Lo} A5, @9h= MBg/mL (mCi/mL)
= A8 TR AMIOoRRE B8 A 4 A Altte]
Sto]| w} HARso] HastE = Stk S ERII= ARt
Foll= WA QR vl ARs(specific acivity) B
EAFs(molar activity)S AEok= Al E EgkE| o] Qlct
HHARs o gt S1HE 17158 o] 7HA|= HANs o2 49
S, ©9l= MBq/ug (mCi/ug) & AH&RIT S AN 24
FE A U= SRIEY 1E Aol 7= AN oI, &
$= GBq/pumol (Ci/pmol)& ARERHH4A7]. S ANs-2 HHAL
‘golorEe] slehd dS Uetle A2 ARRE=T, &
Al(receptor)tt-2EH|(transporter) 2} Zo] AW D7
Tl o) FE S| A3 AV eEo Y =do] et
82 URE ARH AP QRS =2 S ARl 8
02 HAMIOJORE A2 & SR ARESTo] 183t oW
WS ERIsHof THAR]. Z AN AV AR T
g A5 EE 71t &, o HPLCE ARESto] 25}
FARRFES] HEE AR gk UV 32 wa& Ui
TS 2-8510o] APIR Al B R s 2 UiRo] ARERitt
18].

19

o

)

Mol

)

== 17

—

=

PAOlORES WS LS AR A18s1] Az
ofofgo]7] ugo] opxa AARkAo] 7L SAlo]
ot aleh4o]. WAMOIORES] AZ7} AutolokE Az} e
A BE FHo] AN ES Tefshor ks oItk WAk
AQPATHo] Tk Ao ateh ARSI O] %
AIEFE 917150 mSv E 51K ] 100 mSvE 238
A QS AL Sl ik RIS Zlsto] WAl
NEY 749 PEEolRtE BRI T U2
AIRESIAL AP e QRS 5 4 Qs 278
oF. QR AT ES £ 4 Qs g IRA A
A2 A7k, A2, Apso]ck, AIOIORE A Al T At
S| PP EAALT ALY ] Tl LS Xt
% 9l Woluh Wadlo R Aatel 5449l SHl(hot-cel)
Yl Alz34o] olojx|w, ClokE A Al ARERAA
£ AF8RITH50. SHAIEE BT AL QI Sxiglow

www.kjcls.org



8 Jun Young Park. QC of Diagnostic Radiopharmaceuticals

=3ofiof o17] o] FARA ] A A 02 e E | H 2 KA
& E01=5 LEgfjok op, WM B 2 A=R] A &}
A Al 23t 98 718ofof gt Fd3tE]AFo] Alufjsio]
AT T 79 AR ] LeE == AlTto] AojA nEfo] &
7R AT AR R RS2 4R 4 - 1
= AAISHL ARE A A 7Hs= ERIslok oh, AdRk= 4
S| thgk thBj S wi2] ulAshof gick

URFOJORE A| 20} T T2 2} -2 ZthE WA QJokE-2
E94 vER7171 57] wiol] A3 9 EAEE] Al &
== Aj7to] Zolof g}, Athg WA OJoRE 5 71 Ho|
AREER= B TUE-99m ¥A] SPECT-R AMIolekEo] fa
717k 1241710141, E4-18 A PET-R HAMA]QJoRE-2- 84
Zole}, FATE ANETE T FHAIES A FSFE A4t
23] FA RS TSP |7HA] 14Y0] AQER=d], FtAl
HO HARATIO] Xk A QJoREo] Ra 7|7} 47| of
2o thERI=eRolli= W71 71 240A17F oW Q1 HIAHS 59
UAE AREolo] AlRE BAMIQoRE2 B A E = Ho &
Stolo] Lol AREE = IS =] o] Atk B3], Al
2 FRIA ARRE7] Aol Fat/do] BFE|ofof Sh=t],
TAEL 2 Q== Azto] 47] wfize] ofapat 2k Al
AAJote] AojekRe] Hggo] el eE ST
A A0 g BddS ST 4 k. ¥IE QJofExo

12

o o

)=
[¢]

I

il

ofwjut QB g Allo] WA RSO = 7|&E o] A X
Agsto] Al A
Sh= A2 EARITE T AR Qo] HARTIO] 7HE o]
= Al IESA AR 0 = 7IE SRS ARESlo] HIMH O
B ZHAFA] 20420] A8 = ZASPH 0 &2 AR A] 1A710] 4
Htk. o]of] FHAIES AlLfet A FATAIES <A
Al BAF 2 QARRE ojof] B Shash= Zio] 7HE oA
(Table 1).

e A A ooREe] FaTE] 7| E Al
= 71&tto] AP ool FaE ol thet et olshE 5=
A} 513 PIC/S7HY] o1 % ®AMIQ|kE GMP7} o580
w2} oA HPAMg ojekEo] FATE = Ado] ofug} Frt &
ALt oFd] Ffjofli= AV R Al 9 AT E HE
0 2 WSkl WA S FAok= AlATI0] ZH A QIR ¢
o, ul=eldolu R o] Hlsf thekl=rekde] HAMI S
oFE T Y E LA 8L Ald o] RE 2+
T 7Adstor & A 0 2 Al A= AMIQeEE0] A
&80 2 JdE| 1 Qa1 TRt Aol Atk Y 2| =0 A8+
11 Qo] YAV QJoRE| ARG T S7FL A 0 & AlEEL. o]
ol =713, T3713 2 71 GA| SollA] HAVI2JeRE Fofo
Gl SAkok= AF] Tl =83 7120 & o AA Sk
I A HAMIQJoRE GMP AlARRE #5505 2o B8

> B

oot
e

2
z

o

ThB

i

R

Table 1. Quality control tests and release criteria of radiopharmaceuticals

Test Method

Acceptance criteria

Sterility

Tryptic soy broth at 20~25°C

No growth observed after 14 days

Fluid thioglycolate medium at 30~35°C

Bacterial endotoxin
Membrane filter integrity
Appearance Visual inspection
Identity TLC
Radionuclidic identity Half-life

Gamma spectroscopy

Radiochemical purity TLC or HPLC

Radionuclidic purity

Chemical purity TLC
Residual solvents GC

pH pH meter
Foreign insoluble matter Visual inspection

Strength

Molar activity HPLC

Limulus amebocyte lysate test
Bubble point test

Gamma spectroscopy

Dose calibrator, balance

175 EU/Vimax
Manufacturer’'s recommendations
Clear and colorless
R¢ of reference standard
F-18: 106~115 min
511 keV >99.9%

KP, USP, EP
Photon energy of 511 keV or 1022 KeV
Kryptofix® 222 <50 pg/mL
Tetrabutylammonium <2.6 mg/Vmax
Acetonitrile: <4.1 m@/Vmax
Acetone: <50 mg/Vmax
DMSO: <50 mg/Vmax
EtOH: <10% v/v
KP, USP, EP
KP, USP, EP
KP, USP, EP
KP, USP, EP

Abbreviations: EU, entotoxin units; Vmax, maximum recommended volume in millilitres; TLC, thin—layer chromatography; Ry, retention factor;
HPLC, high performance liquid chromatography; KP, Korean Pharmacopoeia; USP, United States Pharmacopeia; EP, European Pharmacopoeia;

GC, Gas chromatography.

www.kjcls.org



2 o

SPAOIORE MM S S A1 eA S jop
Fo] FAI5}o] 2gh 9 X2 840 2 AFgahe ofeREole).
ApgoloRES Az 9l BT |2 255le] sk s,
ol Folel/] A el HL AAlsle] PHAS A%
ok gk, WpAMIIoRE] ETE A1HY] 5] whet Ay
e i Belslala) NHOR BR S Sick 4Rt

R R%, AESAG, He 9 A 1o
o, Eelsiat Aol 4, SN
ofolkg A%, 3114 SEAIE, 2HE-8 e 1@ ol 28 5012
A, ZARA|0) e A Rh A OloRE
o miEololor shus A F kAl W okt gy
ABE ste] GAICIORES] e ABsh, A %
Al E90e 5 gl 1 Fe ) 90 9
B2 E 4 90U AEEANHES AAlsle] YLBA| 0
o shelhct HApeloES 315 0] 28] Az
7] vfo]) AICIORE U] Sk 9 BEo] Eeloing nﬂﬂ
ok gk, Al WpAIoRES] A 9 B80S B9l
032 Ui, ACIRE U IF U $41 2 °71£
H g].X}oﬂﬂ] _l_r_oHTﬂ- 2= 01 9/]-01—%-1 /\E X]-_H.Q.EH o]
2 WrRi Jla A CloRE O 2R s At

*d% oI8310] w7 Atk i, oA, 95
7H5le] BASH: HAMIESI1AT 7150] s oloREe]
EASIGEAE BRI, 55, BAMIORRES QIofRE
CREA AP ) Sl o] P RIS uhie] B
A BAPAIREE: 2|25 12fslof st ApgR o] 2]
A 9 5012 7] @olok 3.

FF ol U

Acknowledgements: None
Conflict of interest: None
Author’s information (Position): Park JY, M.T.

REFERENCES

1. Tewson TJ, Krohn KA. PET radiopharmaceuticals: state-of-the-
art and future prospects. Semin Nucl Med. 1998:28:221-234.
https://doi.org/10.1016/s0001-2998(98)80028-7

2. Saha GB. Diagnostic uses of radiopharmaceuticals in nuclear
medicine. In: Saha GB, editor. Fundamentals of nuclear pharmacy.

10.

11.

13.

14.

15.

16.

17.

18.

19.

Korean J Clin Lab Sci. Vol. 53, No. 1, March 2021 9

New York, NY: Springer; 1998. p238-319.

. Koh CS. Nucear Medicine. 3rd ed. Seoul: Korea Medical Book;

2008. p7-11.

. Lau], Rousseau E, Kwon D, Lin KS, Bénard F, Chen X. Insight into

the development of PET radiopharmaceuticals for oncology.
Cancers (Basel). 2020;12:1312. https://doi.org/10.3390/can-
cers12051312

. Lammertsma AA. PET/SPECT: functional imaging beyond flow.

Vision Res. 2001:41:1277-1281. https://doi.org/10.1016/s0042-
698%(00)00262-5

. Blankenberg FG, Strauss HW. Nuclear medicine applications in

molecular imaging. ] Magn Reson Imaging. 2002;16:352-361.
https://doi.org/10.1002/jmri. 10171

. Alsharef S, Alanazi M, Alharthi F, Qandil D, Qushawy M. Review

about radiopharmaceuticals: preparation, radioactivity, and
applications. Int ] App Pharm 2020;12:8-15. https://doi.org/
10.22159/ijap.2020v12i3.37150

. Vallabhajosula S. Radioactivity. In: Vallabhajosula S, editor.

Molecular imaging. Berlin, Heidelberg: Springer; 2009. p35-44.

. Lee BQ, Kibédi T, Stuchbery AE, Robertson KA. Atomic radia-

tions in the decay of medical radicisotopes: a physics perspective.
Comput Math Methods Med. 2012:2012:651475. https://do-
i.0rg/10.1155/2012/651475

Maulany GJ, Manggau FX, Jayadi ], Waremra RS, Fenanlampir CA.
Radiation detection of alfa, beta, and gamma rays with geiger
muller detector. Int ] Mech Eng Technol. 2018:9:21-27.

Kassis Al. Therapeutic radionuclides: biophysical and radio-
biologic principles. Semin Nucl Med. 2008:;38:358-366. https://
doi.org/10.1053/j.semnuclmed.2008.05.002

. Berry CR, Garg P. Perspectives in molecular imaging through

translational research, human medicine, and veterinary medicine.
Serrin Nucl Med 2014:44:66-75. https://doi.org/10.1053/j.semmuclmed.
2013.10.002

Payolla FB, Massabni AC, Orvig C. Radiopharmaceuticals for di-
agnosis in nuclear medicine: a short review. Eclética Quimica
Journal. 44:11-19. https://doi.org/10.26850/1678-4618eqj.v44.
3.2019.p11-19

Baldrick P. Nonclinical safety testing of imaging agents, contrast
agents and radiopharmaceuticals. ] Appl Toxicol. 2021;41:95-104.
https://doi.org/10.1002/jat.4054

Stelmach HA, Quinn JL III. Radiopharmaceutical quality control.
Semin Nucl Med. 1974:4:295-303. https://doi.org/10.1016/
s0001-2998(74)80016-4

Woldring MG. Radiopharmaceuticals and good radiopharmacy
practice. Pharmaceutisch weekblad. 1981:3:1285-1301. https://
doi.org/10.1007/BF02193377

Hung JC. Quality control in nuclear pharmacy. In: Kowalsky R,
editor. Radiopharmaceuticals in nuclear pharmacy and nuclear
medicine, 2nd ed. Washington, DC: American Pharmacists
Association; 2004. p399-450.

International Atomic Energy Agency. Quality control in the pro-
duction of radiopharmaceuticals. Technical report. Vienna: International
Atomic Energy Agency; 2018 Oct. p1-150. IAEA-TECDOC-1856.

United States Pharmacopeia. USP<71>Sterility tests. In: 2018
United States Pharmacopeia and National Formulary. United
States Pharmacopeia 41-National Formulary 36. Rockville, MD:
United States Pharmacopeial Convention; 2018. p5984-5991.

www.kjcls.org



20.

21.

22.

24.

25.

26.

27.

29.

30.

3L

32.

33.

34

35.

Jun Young Park. QC of Diagnostic Radiopharmaceuticals

England MR, Stock F, Gebo JET, Frank KM, Lau AF. Comprehensive
evaluation of compendial USP<71>, BacT/Alert Dual-T, and
Bactec FX for detection of product sterility testing contaminants.
J Clin Microbiol. 2019;57:e01548-18. https://doi.org/10.1128/
JCM.01548-18

United States Pharmacopeia. USP<823>positron emission to-
mography drugs for compounding, investigational, and research
uses. Ini 2012 United States Pharmacopeia and national
formulary. United States Pharmacopeia 35-national formulary
30. Rockville, MD: United States Pharmacopeial Convention;
2012. p398-406.

United States Pharmacopeia. USP<85>bacterial endotoxins test.
In: 2012 United States Pharmacopeia and national formulary.
United States Pharmacopeia 35-national formulary 30. Rockville,
MD: United States Pharmacopeial Convention; 2012. p5625-5629.

. Freudenberg MA, Galanos C. Bacterial lipopolysaccharides:

structure, metabolism and mechanisms of action. Int Rev
Imrmunol. 1990,6:207-221. https://doi.org/10.3109/08830189009056632
Danner RL, Elin R, Hosseini ], Wesley R, Reilly J, Parillo J.
Endotoxemia in human septic shock. Chest. 1991;99:169-175.
https://doi.org/10.1378/chest.99.1.169

Wachtel RE, Tsuji K. Comparison of limulus amebocyte lysates
and correlation with the United States Pharmacopeial pyrogen
test. Appl Environ Microbiol. 1977:33:1265-1269. https://do-
i.org/10.1128/AEM 33.6.1265-1269.1977

Samlet S, Shedage K, Jain P, Jay Singh JB, Bahadur B, Kumar M, et
al. Attributes of bacterial endotoxin test (bet) and its comparison
with rabbit pyrogen test. Int J Adv Res. 2019;7:850-857.
http://dx.doi.org/10.21474/1JAR01/9106

Iwanaga S. Biochemical principle of limulus test for detecting
bacterial endotoxins. Proc Jpn Acad Ser B Phys Biol Sci.
2007;83:110-119. https://doi.org/10.2183/pjab.83.110

. Iwanaga S, Morita T, Harada T, Nakamura S, Niwa M, Takada K,

et al. Chromogenic substrates for horseshoe crab dlotting enzyme.
Its application for the assay of bacterial endotoxins. Haemostasis.
1978,7:183-188. https://doi.org/10.1159/000214260

Koh CS. Nucear Medicine. 3rd ed. Seoul: Korea Medical Book:
2008. p171-195.

Saha GB. Synthesis of PET radiopharmaceuticals. In: Saha GB,
editor. Basics of PET imaging physics, chemistry, and regulations.
New York, NY: Springer: 2004. p111-124.

Hayashi K, Douhara K, Kashino G. Evaluation of the bubble point
test of a 0.22-pum membrane filter used for the sterilizing filtra-
tion of PET radiopharmaceuticals. Ann Nucl Med. 2014;28:586~
592. https://doi.org/10.1007/s12149-014-0830-0

Jornitz MW. Integrity testing. In: Jornitz MW, editor. Sterile
filtration. advances in biochemical engineering, vol 98. Berlin,
Heidelberg: Springer; 2006. p143-180.

Belanger AP, Byrne JF, Paolino JM, DeGrado TR. Use of pres-
sure-hold test for sterilizing filter membrane integrity in radio-
pharmaceutical manufacturing. Nucl Med Biol. https://do-
i.org/10.1016/j.nucmedbio.2009.07.008

Wells RG. Instrumentation in molecular imaging. ] Nucl Cardiol.
2016:23;1343-1347. https://doi.org/10.1007/512350-016-0498-7
Decristoforo C, Zolle I, Rakias F, Imre J, Janoki G, Hesslewood SR.
Quality control methods of 99mtc pharmaceuticals. In: Zolle I,
editor. Technetium-99m Pharmaceuticals. Berlin, Heidelberg:

www.kjcls.org

36.

37.

38.

39.

41.

45.

47.

49.

50.

Springer; 2007. p123-150.

Moerlein SM. Radiopharmaceuticals for positron emission
tomography. In: Kowalsky R, editor. Radiopharmaceuticals in
nuclear pharmacy and nuclear medicine. 2nd ed. Washington,
DC: American Pharmacists Association; 2004. p337-379.
Vallabhajosula S. Quality control of PET radiopharmaceuticals.
In: Vallabhajosula S, editor. Molecular imaging. Berlin, Heidelberg:
Springer; 2009. p197-204.

Reuhs BL, Rounds MA. High-performance liquid chromatography.
In: Nielsen SS, editor. Food analysis. Boston, MA: Springer; 2010.
p499-512.

Molavipordanjani S, Tolmachev V, Hosseinimehr §J. Basic and
practical concepts of radiopharmaceutical purification methods.
Drug Discov Today. 2019;24:315-324. https://doi.org/10.1016/
j.drudis.2018.09.018

Shukla ], Vatsa R, Garg N, Bhusari P, Watts A, Mittal BR. Quality
control of positron emission tomography radiopharmaceuticals:
An institutional experience. Indian J Nucl Med. 2013;28:200-206.
https://doi.org/10.4103/0972-3919.121963

Cole EL, Stewart MN, Littich R, Hoareau R, Scott PJ. Radiosyn-
theses using fluorine-18: the art and science of late stage
fluorination. Curr Top Med Chem. 2014;14:875-900. https://do-
i.org/10.2174/1568026614666140202205035

Blevins DW, Rigney GH, Fang MY, Akula MR, Osborne DR. Novel
methods for the quantification of toxic, residual phase transfer
catalyst in fluorine-18 labeled radiotracers. Nucl Med Biol. 2019;
74-75:41-48. https://doi.org/10.1016/j.nucmedbio.2019.07.008
Ma'Y, Huang BX, Channing MA, Eckelman WC. Quantification of
Kryptofix 2.2.2 in 2-[(18)FIFDG and other radiopharmaceuticals
by LC/MS/MS. Nucl Med Biol. 2002;29:125-129. https://do-
1.0rg/10.1016/50969-8051(01)00269-4

. Halvorsen NE, Kvernenes OH. A fast and simple method for the

determination of TBA in 18F-labeled radiopharmaceuticals.
Pharmaceuticals (Basel). 2020:13:27. https://doi.org/10.3390/
ph13020027

Kuntzsch M, Lamparter D, Briiggener N, Miiller M, Kienzle G,
Reischl G. Development and successful validation of simple and
fast TLC spot tests for determination of Kryptofix@’\ 2.2.2 and tet-
rabutylanmoniumin 18F-abeled radiopharmaceuticals. Pharmaceuticals
(Basel). 2014;7:621-633. https://doi.org/10.3390/ph7050621

. Klok RP, Windhorst AD. Residual solvent analysis by gas chroma-

tography in radiopharmaceutical formulations containing up to
12% ethanol. Nucl Med Biol. 2006;33:935-938. https://do-
i.org/10.1016/j.nucmedbio.2006.07.003

Coenen HH, Gee AD, AdamM, Antoni G, Cutler CS, Fujibayashi Y,
et al. Consensus nomenclature rules for radiopharmaceutical
chemistry - Setting the record straight. Nucl Med Biol. 2017;55:
v—xi. https://doi.org/ 10.1016/j.nucmedbio.2017.09.004

. Choe YS. Molar activity of radiopharmaceuticals. ] Radiopharm

Mol Probes. 2018:4:22-25. https://doi.org/10.22643/JRMP.2018.
4.1.22

Koh CS. Nucear Medicine. 3rd ed. Seoul: Korea Medical Book:
2008. p128-170.

International Atomic Energy Agency. Radioisotope handling fa-
cilities and automation of radioisotope production. Technical
report. Vienna: International Atomic Energy Agency; 2004 Oct.
p1-65. TAEA-TECDOC-1430.



