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Abstract

Radioiodine (**'l) has been used for the treatment of feline hyperthyroidism since the 1990s in
the USA and Europe, and it is recommended as the most effective treatment for feline hyper-
thyroidism because it has a high therapeutic effect, small side effects, and does not require
anesthesia. In this study, the pharmacological properties of the Thyrokitty injection (I- 131)
which is being developed as a treatment for feline hyperthyroidism, using radioiodine (**'l) as
an active ingredient, was tested. The %cell uptake of the Thyrokitty injection (I-131) in FRTL-
5 thyroid cells was 0.410 + 0.016%, which was about 18 times higher compared to Clone 9
hepatocytes, and it was decreased by 30.7% due to the competitive reaction with iodine (so-
dium iodide). In addition, the %cell growth of the FRTL-5 thyroid cells was reduced by 25.0%
by treatment with the Thyrokitty injection (I-131). As a result of the tissue distribution test, the
Thyrokitty injection (I-131) was distributed at the highest concentration at 0.083 hours (5 min-
utes) after subcutaneous administration to animals in most organs except the stomach, small
intestine, large intestine, muscle and thyroid gland, and it was excreted mainly through the
kidneys. The stomach and thyroid gland showed a typical distribution pattern observed when
radioiodine (**'l) was administered. In addition, about 78.45% of the total amount of excretion
was excreted within 48 hours, of which more than 85% was excreted in urine. In conclusion,
the Thyrokitty injection (I-131) has the same mechanism of action, potency, absorption, dis-
tribution, metabolism and excretion characteristics as radioiodine (**'l) reported in connection
with the treatment of feline hyperthyroidism. In the future, using the results of this study, it is
expected that the Thyrokitty (I-131) could be safely used in the clinical treatment of feline hy-
perthyroidism.

Keywords: feline hyperthyroidism; radioactive iodine; sodium iodide | 131; Thyrokitty injec-
tion (I-131); pharmacology
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B0 F8THEo] Yt £ PASFE PAYR (7)) SRR ulstel, Togolo]
A2 ool ufe R PARSFO R ARHM Mot FAR FoIY 5 YRS AT B oJF

Foltk, B AL FF Aol T2 PAYARES T §5to], Aol =7]e] F
AF2(1-131)9) oFelsH 42 Selshlrt.

MATERIALS AND METHODS

ABEA Aol2r1e RAA-13DE FHIAAATU] BALopoRE A SOl
Azsglon], Axiel Ag % 712W0] et AFBA 44, B, pH, YA &
=, =4, BEAOLR, WA Y Fol AFE s
MIE B Q¥

FRTL-5 HAE A 7434 Al (rat thyroid follicular cell line)x= A& tistu Y vhy
F WFERE AFRol Aol ARSIt &, F-12 nutrient mixture Ham Kaighn's
modification medium(LM 010-03, Welgene, Gyeongsan, Korea) BiZ]o| 5% bovine calf
serum(S003-01, Welgene), antibiotic-antimycotic solution(AAQ01, Solbio, Suwon, Korea),

1% 10 mM MEM-Non essential amino acid(LS005-01, Welgene)E Yo, 7402
67H4] E2(10 mU/mL bovine thyroid stimulating hormone(T1614, Scripps, Cincinnati,
OH, USA), bovine insulin(I5500, Sigma-Aldrich, St. Louis, MO, USA) 10 ug/mL, human
transferrin(T2252, Sigma-Aldrich) 5 ug/mL, hydrocortisone(3867, Calbiochem, San Diego,
CA, USA) 0.36 ng/mL, somatostatin(S9129, Sigma-Aldrich) 10 ng/mL, Glycyl-L-histi-
dyl-L-Lysine acetate(G1887, Sigma-Aldrich) 2 ng/mLE o] 9= vk o2 HjoFs}e]
t}. T3} clone-9 A|XE(CRL-1439, ATCC, Manassas, VA, USA)= ATCCZXH-E| Lufjs}
FoH, ATCCOIA Alsd =t viFol¥ct. =, F-12 nutrient mixture Ham Kaighn's
modification medium(LM 010-03, Welgene) B Z]oll 5% fetal bovine serum(S001-01, Wel-
gene)¥} antibiotic-antimycotic solution(AA001, Solbio, Suwon, Korea)2 o] TH= HjFo]
O & ujgotdet. 9 FHA Al s =2, 5 Wi7I(37C, 95% air, 5% CO,)NA B3
o, Al confluence 80% 7} = Alulgsto] AEZfA] © A H2of 2A AES
At

ME Y32 A

Clone 9 A|Z2} FRTL-5 A ZE 12 well plate°] well & 5 X 10° & seedingdtAT}. &
B3k ZF Al 2o 5 uCi] #Ao|271E] FAIN(I-131)F 1 uM2] 22 =(Sodium iodide, Sig-
ma-Aldrich)& &40 A2|3tAY, 5 uCi] Aol 2718 FAM(I-131)eE A =5te] 2413t
&< 37°CollA] i gstdet. ZF A Bhe] e 15 25 370 = 3)E SF3ch Bk
o] F7H Tof MZujFH-E 3]4=o}tal, Z}7FE phosphate-buffered saline= A &5}Fo] A&
S 3okt ol H-E (Wallac Wizard1470, Perkinelmer)& ©]-8-510] A ZufFl ut
AR A AN FE SR O EH, Ao HH = A] -2 Ho] 278 FAM(I-131)9] F=
glstaiet. Z12]3 IN NaOHE 7} M| ZHS 3]5hal, ZuP7RE = A| 2o o] WANs TS
S7dsto] Alxzo] A FE Ao| =718 FARA(1-131)2] Y= RISkt
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ME AFE St Al

FRTL-5 AlZZ 96 well plate°]] well & 1 X 10°5E seedingdtith. tFwoll= A4
ASE, APwoll= 100 uCig] #Ao| 2718 FAMM(I-131)= A2 oto] 37T A 48417 5<%t
sl tHn = 3). o] 5% Tof ZF welld 10 uL water soluble tetrazolium salt(WST)
solutions F7FSHAL 37ToA] 1AI7F 5 ¥EGAIR T T18]1 F8 % Hlo] A2 E|0E ¢
t]7](Spectra Max ABS, Molecular devices)E AF&510], 450 nmOlA] Z} well®] S4EE =
kit

7 HWYA| F-A(specific pathogen free) 7] HF 65732 =7 ICR "F-2(DBL,
Eumseon, Korea)E Lufjsto] dF L9 +3H77H 74731 3 AP 235t 9A)
AR WAL B AMRE TEohd, AHS 2 AES FEAES Y ALY (#ki-
rams2022-0117)2} S7IRIAIHIE A E5EAIEAH6112) HAF AFA Y B22ARR
A(IMG-SOP-ANI-001-008)°]l w2} =335}t

X ZE A HIE ARS Rt MRS E ME R &

Zoo| et YA FFAAS o] gst] FofdFe HFlen, solzrlE FAY(-
1312 vl2]lF 2 mCi/kg 8O E 0.1 mLE Fo3lth Foj 83 Fof gy A35E9]
A &7 &, BkEsto] 10 uL F9IE ARESHGiTh Fo] 2919 I& A|AstAL, 2.0 x
2.5 cm®| 7|2 FARAE BARE F FEv| y5iof Folsigtt. Fof A & FA7| 9] WAL
sF= S5t AA| Foid HAs g AAts A

A W ZE] EX A

< 287t 9] meAE ZF AR HE 4rtEd 77 o R EYSiilt). nET AldEd
2 mCi/kg/0.1 mL(+ 20%)% 5gu| Fotof| Fofgt & 55(0.083417h), 1, 6, 24, 48, 72,
168A|7F o]|3of| &L A5t N, AR 7t b, vA, A% 9, &%, 3, 45, HE
=, M, A, Fol 7919 g B2 (skin), BA71E AF5IAT Fol 3, s8EH= AF
T T «V“ A AFZ S795HA] Fouth. AL ZF 7A|1 9] A% (P Foke] AFTH 6,
1.7 mL Blo| A2 {7 Ho| Ho} FAE 5745t , Bl JBO| BAZ A &jsto] AA|
AE Aitstaint. AFet FA 22 9] FA A3 F, AIFEE] Fol AT 1/5
1/100 % 1/200= 3]43) &8|3t E2=2(STD, standard)¥} 7] 7*13}7}#12 ol-&-3l At
9 124 WibsFS S0t 232 2249 ks ES 702 FUHE 49
%ID(injected dose)C.2 THAlsFH O, ZF AW A o]-83alo] %ID/ g U F937]0
#19] pharmacokinetic(PK) parameter(AUC, Area under the curve, Tmax, Cmax, CL 5)&
Phoenix WinNonlin 8.2% ©]-&5}o] AF&5}9i T},

3R
lo _I

mlm
g

A LY HHA AlE

% 4ul2]9] upe-Ao] vle]wt 2 mCi/kg/0.1 mL(+ 20%)4 Edu] u|5}o] Folgt & ulo
28 YAA | A &2 o] Fste] 1 Alo|A 1024 4=85131th Aol 27|E FALA(-131) F
o] &, 6, 24, 48, 72, 120, 168A17H] & € ¥HE st 0w, Ao]x] i 9 S &
T Fo= gohfjo] HE AR £ttt 4249 AlE= AYS AEEY PAFSEY

https://doi.org/10.12729/jbtr.2022.23.4.163



Lim et al.

https://doi.org/10.12729/jbtr.2022.23.4.163

1/10, 1/1003 1/200& EZEA(STD)E &H|5to] Zmp7lEl7|2 24st9on, A2
187 4619t 2284 S 7|02 Yoz HPAFEk— AlAksto] %IDZ AAket o,

Al7to] T2 Hj RS F25ke] AASIITE ST 402 Hold A7 Ik Ao H5to]
2F k9 HOo Z O] HjEFE AFESI

i

=

ol A¥ 9] B E A3 Microsoft excel, GraphPad Prism(Prism 5 version 5.01, Graph-
Pad Softward, San Diego, CA, USA) ¥ Statistical Package for the Social Sciences(SPSS
version 23.0, Chicago, IL, USA)E ©o]83}o] ZF 115 7+ EAst8 07 {ou|gt Xjo]& &
A3t Y EE Kolmogorov-Smirnov Z TestE AA|ot0] Fd-& AASH F, Fqt/d0] €
ol LA BAEA(ANOVA)L.E AASIHTE &7F ZFol= Levene test® SEAMEA
= AAIsto] SEAR] 7HYEH Tukey RS HIILE AAISEAT /g0l WHEsHA] 92 B¢
Kruskal-Wallis T A78= A A5t

=7 24

0

JL°~

RESULTS

AFERe 22 &2l

ol 2718 FAA(I-131)2 AR =E(P)7F Tl f-8480]7] gid], AldEZo]
or2|d] AIHE LIol7] AiAlE WAL E(P]) BFol| gt ERlx} WASIsHA r ]
BRlo] Wizoleh, B4 9l A, F AIFEY BF AR E(P'De FH =11 0.364
MeV7H ZRIE| 21 HPALSISHY I EJE 95% o4 Q=4 UHEA 0 = HRAMJ O] okE o] Q1]
= 7% 35015 AIZ S Al 9 Al AFE a3 AJFo] ARSE Ao| 271 A
A(1-131)9] 4 (Supplementary Fig. S1)¥} 22| B 9 vjd AJgof| AL&5H #o]27]¥

A (1-131)9] &2 (Supplementary Fig. S2)2 HE & HE5}3ct.

MHE MZ8 Tt
2P A ioﬂ/ﬂ o] 271€] FAA(1-131)F 82 E(sodium iodide)?] FAHHSof w2
Az W AHES v B7IEe=H, Aoz 718 FAA(-131)0] Al Ao Ao

2 4H== &%71 A& 1okl

Fig. 13} Zo] clone 9 A|ZEof| A Kol 27]E] FALA(1-131)2] Al A3 E(%cell uptake)>
0.022 £ 0.005%°]%1aL, o]of ¥Iel] FRTL-5 Ao A Ao 27]€] FARN(1-131)2] AlZ 4
82 0.410 + 0.016%EHN {JZH 0 & =2 532 Bt} o]S Eslo] Ko]Z7]E FA}
H(I-131)2 A Aol 4] ol o2 HHES sttt

8900 FA ¥kg Al clone 9 A|Zo A Aol 27|18 FAIM(1-131)2] AlE A FHE&2
0.018 £ 0.001%°1%. 2™, FRTL-5 A3 4] o] 2718 FARA(I-131)9] Al AHF &2
0.284 + 0.033%°131th. B 4719 A|aoflA= 2 @ E0to] AHAY Wh-go] o] 27]E FAY
(-13D)9) Al HHE 2 T 54 gokot, 1A AlZoA = Al 4HES 594
O A= At ERIFI. o] Boto] Ho]27]E FAIA(I-131)2 8 2 E(sodi-
um iodide)2} HYTt 71 02 7AFA Ao HFHS sk
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Fig. 1. Cell uptake assay of the Thyrokitty injection (I-131) in Clone 9 and FRTL-5 Cells. The % cell uptake
means the percentage of the value obtained by dividing the amount of radioactivity uptaked by the cells by the
amount of radioactivity administered.

ME AME g3 HI}

WA s A Kol 2718 FAIH(I-131)9] AMZEAHEE B7IFOEHN Kol27]E 3
AFA(1-131)9] A Al AFE G312 371519

Fig. 29} Zo] FRTL-5 #4HA Al3Zo] 100 uCi] Ao]271€] FAIA(1-131)S #2]3kaL 2
o Bt vt A, A deE A2 t24(100.00 + 5.72%)°l H|ste] #o]=7]E
FAA(I-13D)S A2gt AP A JFE2 75.00 £ 3.93%= °F 25%9] 5941 7
A5 B} o] & Bolo] Aol 2718 FAIA(-131) /3 Al2zol| tisto] Al Abd Ayt
7F &S Felstint.

150+ e
: |
~at

c o :
= -
e "
e "
e .

0 1

CONTROL

Fig. 2. MTT assay of the Thyrokitty injection (I-131) in FRTL-5 cells. Compared to the control group treated
with saline, the % cell growth in the test group treated with the Thyrokitty injection (I-131) was reduced to 75%.
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A2 é%%ﬂi QEAECR F 7/ AELE AT 47 A,
S WL, 2 IEE 55AE S5k 2 AiAE FolE AIEEE2 Bt 73.09
8.32 uCi(2.70 + 0. 31 MBq)/lOO uLE 19 E ARt Y A] ZjA o &
FA=GloH, Fof o] AYA7ITE W Y¥HSA ol E AFEAAlE
1, Supplementary Table S1).

Table 22} o] Ao|27]8 FAIM(I-131)S Foigt &, 22 A& A AL 5F7AE S
goto] IFHE Fo G AEUo| FFAE Bttt Fdol st 15 i
o A¥EE F A= 92 SAHA AUth AlREE Fol F 557419 das BEEA|
gtod, Ff 79 BT FEAY W= 10% o|HZE FoH AEEAL AYFENA F
83 FFE PR A o= Rlskith

Table 1. Grouping, average weight and dosage for in vivo tissue distribution and excretion testing

L . Planned
Administration Harvesttime  The number of Average Actual Actual
Group Test substance method (hr) animal ((rjr?éssge) weight (g) dosage (UCi)  dosage (MBq)
G1 Thyrokitty S.C. 0.083 (5 min) 4 2 3291+1.59 73.63+7.93 272+0.29
injection (1-131)
G2 Thyrokitty S.C. 1 4 2 33.94 +0.55 78.66 + 2.41 2.91+0.09
injection (1-131)
G3 Thyrokitty S.C. 6 4 2 33.55+0.99 7234+ 11.11 2.68 +0.41
injection (1-131)
G4 Thyrokitty S.C. 24 4 2 33.36 £ 0.97 71.00 +8.82 2.63+0.33
injection (1-131)
G5 Thyrokitty S.C. 48 4 2 33.44 £0.95 74.00 £ 10.76 2.74 £0.40
injection (I-131)
G6 Thyrokitty S.C. 72 4 2 33.06 +1.14 71.04+9.24 2.63+0.34
injection (1-131)
G7 Thyrokitty S.C. 168 4 2 33.32+1.60 7217 +9.85 2.67 £0.36
injection (1-131)
Excretion Thyrokitty S.C. 6, 24,48, 72, 4 2 33.50+1.16 71.87 £9.43 2.66 +0.35
injection (I-131) 120, 168
Table 2. Weight by group after administration of the Thyrokitty injection (I-131)
Group Harvest time (hr) Averagegé)rc]i%/n\g(terigtriwé r?? gt§1e day of Average weight on harvest day (g)
G1 0.083 (5 min) 32.91+1.59 NA
G2 1 33.94 +0.55 NA
G3 6 33.55+0.99 NA
G4 24 33.36 +0.97 33.13+1.45
GS 48 33.44 +0.95 33.85+1.07
G6 72 33.06 +1.14 34.02+1.41
G7 168 33.32+1.60 35.38 +1.00
Excretion 33.50+1.16 NA

NA, not applicable.
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http://www.jbtr.orkr| 169



Pharmacological properties of the Thyrokitty injection (I-131)

AlE; 2 AlZHHE X% L 22 (%ID/organ)
Ao 2718] FARA(I-131)9] 24 Hf BX S AA 24
J5koltt. 7t 249] FA= €9, &5 4 HEES A st

AEsto] BAE S4oto] H&5i3ich @Y, 25 ¢ eSS A&
ERAE 71EF0 7 f5510] AXSIATE G4 189 g utEls 23] & A, AFo] 1712
A2 Aoto &2 Ak E|o] Aol Al A| Q53

Table 3} o] Aol 27]¥] FAA(-131) HEH| Hoto] FAME o] ZF 20 & T,
E2 HUF A 9 2371, &%, S S5to] vl dEs gelskelt. nhe-A0 d
A dEE 9 252 FRAE 7102 747} 58.5 mL/kg, 14% 9 22%E SFO= Aot
of A&t FAY 3= Foto] AEsllth AEEES iEA7E AR tiFite] 240
A 0.083A170] o REE lstlon, 3jst Fof Z9(5HE o) Hl=A HAIC & 1
A= A st AlFEE2 Al7to] Age] wet iR 7oA Exego] WolAl=

A& 9421"6}@ o, HiEA7|Ql A xbsto] tiREo] 2A]oA 0.083A17t, 43Fd7]

ol 91, &%, o & ISl 1417, WERI71Eel /A olA= 6AIZtl il s

HRlE gl st Fojo] E/444, Fol F9lolx9] At £x2E glsty] of# 4,
FolEIE HAISILL, HARE 919 Hi 2AS HEsto] PANs TS H715HATHSupple-
mentary Table S2). Fig. 33} Zo] N, 414, 7t W Foj59] mjHofx AJ7to] Ao wheh
PolR) = PAL motREo] RES] AP ARl ERE Holn, 99} AP STt A
A} ol = FARS A HiollA AR E(P) Fo] 3o HPAQ BE PO Hel
THSL. A=) 22 A E 43739, 4%, )& Boto] viEE= o= &
st ow, AL & 48A17H0] /Al ALJRt 4710014 0.5 %ID o]st= gHRlx]o] #9] of
Fio] HiEH Ao g gRlEich

A L =X EX
ZF Az
A

= Bt

[¢)

Table 3. After administration of the Thyrokitty injection (I-131), the value of in vivo tissue distribution (%ID/organ)

Mean 0.083 hr 1 hr 6 hr 24 hr 48 hr 72 hr 168 hr
(%lDlorgan)  ayc  sD. AVG SD. AG SD. AG SD. A/G SD. A/G SD. AVG SD.
Blood 12899 10526 4.024 0377 1428 0171 0029 0002 0026 0008 0023 0007 0013  0.008
Heart 0227 0105 0137 0059 0052 0007 0002 0000 0002 0000 0001 0000 0001 0.000
Liver 2179 0382 1461 0062 0524 0126 0031 0002 0031 0010 0025 0006 0014 0.006
Lung 0569 0111 0379 0055 0145 0035 0005 0000 0005 0001 0004 0001 0005 0.002
Spleen 0163 0044 0118 0017 0048 0008 0002 0000 0001 0000 0001 0000 0001  0.000
Kidney 2421 0265 0645 0333 0277 0084 0011 0001 0013 0003 0015 0003 0017  0.006
Stomach 0733 0326 2088 0907 1413 0578 0015 0007 0009 0003 0005 0001 0003  0.001
Smallintestine  1.806 0422 2123 0725 1179 0065 0036 0010 0031 0013 0021 0003 0011  0.004
Largeintestine  0.870 0219 1446 0850 1.026 04177 0025 0005 0018 0005 0017 0005 0012  0.008
Muscle 3050 1011 4938 6072 0761 0155 0024 0005 0025 0005 0022 0006 0064  0.090
Femur 9.850 1607 7.382 1379 2389 0282 0050 0010 0048 0015 0047 0007 0158 0.254
Brain 0083 0023 0044 0003 0016 0004 0004 0005 0001 0000 0001 0000 0001  0.001
Thyroid 0145 0058 0467 0272 1348 0204 0437 0750 0751 0511 1334 038 0349 0.071
Skin 17624 5537 0781 0115 0228 0065 0020 0009 0038 0026 0044 0062 0009 0.005
Testis 0114 0028 0137 0022 0077 0012 0002 0001 0001 0000 0003 0003 0.001 0.000

ID, injected dose; AVG, average.
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Fig. 3. Distribution graph for each organ (%ID/organ). ID, injected dose.
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M| LY ZX] 23 AIE; 2 AZHHE XX L) 22(%ID/g)

ZF A mol27]E] FAN(-131)9] 22 W BE FAS 4 24 FA(@=E 245t
A F=AE FOf %ID/go = BANSIAOH, ZF 220|149 Al7tof whE F3E YA H|
S5HA YERE-2 E15F3 tHTable 4, Supplementary Table S3). Bl& 7191 4150l 4] 0.083
Azl 23137191 9, &%, tid 2 25, AA7]00A= 1417300, WER)718l {M}-Hoﬂ
A= 72417100 23 BEE HYS SRISHH Fig. 49+ Zo] AT 9, &4, o
715 AT THE 71914 0.083417F o]F 2 HolAl= 2 Elem, 24’\]@ 01—61—
WS A et BE 2F 0|4 0.05 %ID/g °lot= 1= ATt

MR LY =X Z2 AR 2] L 22(%ID/g)2l 2FEsHA Li2t0|E{(PK parameter) 4=
#o| 2718 FAFH(-131) 15t Folgt &, ZF Algto] whE 22 W E329] oFEsH4] 1}

2t E](PK parameter)E AH&5t0] H]1 o} Table 5 € Fig. 59 Zo] ZF 22/ E AUCE
H] W5k wf, ti Y] 2o RS A E = A ERlstion, ¥ 2 Z5olA

L A9 Bxax] grorom, 1 9] 28 7] U ujdAE ] H]25HA) B2 9 2|45 Ao
2 ZRIE QI Tl 9l9] o2 Zo| H|st] 8 Q BV} Z4E= 221 floflA] OF 2,704,
AAoNA oF 213.68H) B =2 gt UEoH, ol & A otal= AlEEHC] AY I

w3)%] 9Fe-g SHelsteict.
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Table 4. After administration of the Thyrokitty injection (I-131), the value of in vivo tissue distribution (%ID/g)

Mean 0.083 hr 1hr 6 hr 24 hr 48 hr 72 hr 168 hr
(%ID/g) AVG SD. AVG SD. AG SD. AG SD. A/G SD. A/G SD. AVG SD.
Blood 6.551 5.048 2.026 0.185 0.727 0.080 0.015 0.000 0.013 0.004 0.011 0.003 0.006 0.004
Heart 1.490 0473 0.886 0.202 0.329 0.048 0.011 0.001 0.009 0.003 0.008 0.002 0.004 0.002
Liver 1.208 0.273 0.771 0.043 0.298 0.063 0.016 0.002 0.016 0.004 0.013 0.003 0.006 0.002
Lung 2.724 0.743 1.685 0.209 0.616 0.095 0.025 0.002 0.022 0.004 0.021 0.004 0.019 0.006
Spleen 1.505 0.372 1.148 0.051 0.425 0.070 0.014 0.001 0.010 0.002 0.008 0.002 0.005 0.002
Kidney 3.562 0.802 1.154 0.591 0.483 0.094 0.020 0.004 0.024 0.004 0.029 0.004 0.030 0.010
Stomach 2.627 0.927 8.011 3.389 4.701 1.564 0.049 0.021 0.029 0.009 0.019 0.005 0.010 0.004
Small intestine  1.141 0.269 1.216 0.390 0.660 0.124 0.019 0.003 0.015 0.005 0.011 0.002 0.007 0.004
Large intestine  0.870 0.235 2.336 2.335 0.908 0.045 0.024 0.011 0.016 0.006 0.015 0.002 0.009 0.004
Muscle 0.662 0.217 1.036 1.272 0.162 0.033 0.005 0.001 0.005 0.001 0.005 0.001 0.013 0.019
Femur 1.361 0.217 0.988 0.181 0.324 0.041 0.007 0.002 0.006 0.002 0.006 0.001 0.020 0.031
Brain 0.208 0.082 0.099 0.003 0.038 0.005 0.007 0.010 0.002 0.001 0.002 0.001 0.002 0.001
Thyroid 2.544 0.731  10.939 8.014 16.345 6.687 5.462 9372 19.216 15169 58421 18.707 14.599 3.336
Skin 25241 12.024 1.370 0.302 0.445 0.085 0.041 0.010 0.058 0.037 0.058 0.074 0.013 0.005
Testis 0.588 0.130 0.785 0.075 0.386 0.042 0.007 0.002 0.006 0.001 0.013 0.014 0.003 0.002
ID, injected dose; AVG, average.
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Fig. 4. Distribution graph for each organ (%ID/g). ID, injected dose.
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Table 5. PK parameters for in vivo tissue distribution (%ID/g) of the Thyrokitty injection (I-131)

Tmax Cmax AUClast AUCINF_obs Cl_F_obs MRTlast MRTINF_obs  HL_Lambda_z"

Unit hr {%ID/g} hr * {%ID/g} hr * {%ID/g} {mCi}/(hr * {%ID/g})/kg hr hr hr
Blood 0.083 6.55 14.93 15.91 0.13 12.01 31.38 109.69
Heart 0.083 1.49 6.66 7.37 0.27 17.43 47.16 110.59
Liver 0.083 1.21 6.80 7.65 0.26 24.21 54.90 92.41
Lung 0.083 2.72 13.70 30.30 0.07 24.21 585.29 610.21
Spleen 0.083 1.50 8.21 9.17 0.22 16.11 51.22 127.74
Kidney 0.083 3.56 12.53 14.38 0.14 34.80 60.08 43.31
Stomach 1 8.01 57.16 58.32 0.03 8.77 14.31 82.48
Small intestine 1 1.22 10.52 11.52 0.17 17.36 43.14 101.08
Large intestine 1 2.34 15.37 17.01 0.12 15.29 48.54 132.16
Muscle 1 1.04 4.64 6.59 0.30 16.41 205.38 337.76
Femur 0.083 1.36 7.04 8.23 0.24 26.36 55.50 41.70
Brain 0.083 0.21 1.15 1.24 1.61 31.03 44.66 34.61

Thyroid 72 58.42 4,532.24 - - 90.01 - -
Skin 0.083 25.24 21.21 2222 0.09 23.33 3345 52.79
Testis 1 0.79 6.20 6.34 0.32 18.55 23.01 34.86

Y Terminal half-life of the drug.
PK, pharmacokinetic; ID, injected dose.
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Fig. 5. PK parameter calculation graph for each major organ. PK, pharmacokinetic.
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8% 5) D AFAA = A=A okt

Table 63} Zo] #o]27]E] FAA(1-131)0] 168A1ZHT7L)7HA] kot WS Foto] viAdH
T2 FYUH F9 48.59%01™, k= 41.88%(F HiAETFS] 86.18%), HOZ 6.72%(F ¥l
A7FO] 13.82%)7F v = -2 215+ tHSupplementary Table S4). Fig. 67} o] & Hj
AFO] 78.45%7t A T 48A17F o|Ul(24A17F ool 68.66% HliE)oll Bl =0, 724]
ZH3Y)7HA] 83.09%7} kot ¥ O 2 Hd =122 Eelstith. ket W0 g ujdH Fgfo] oF
49%E AHHA Q] PAMY T YUAE o] &3 vl B7H80%-85% Jl4&)Ert F2 JheS
Hol A2 A 2 E(P )7L EShe ollvx|9] B4 ulet AnprleE o] 24 Wt
ol =] H919] oF 54%UZ ZAFSIH, AA| 3]5E-2 oF 90%E T

DISCUSSION
U, 98 SolHE WA L0 E(IDE ol 83 1efo] A5 FAF N ZHL 1990
dejRE ALg Sk glor], N Rawt B3 4Gl Aom nFzt e gl o] 10

o A7) 5B 0] A mol 71 ATl ARYor BTG, 9, 10). B AFolAL:

Table 6. Average value of urine and fecal excretion (%ID) over time

Mean (%) 8 hr 24 hr 48 hr 72 hr 120 hr 168 hr SUM
Urine 10.98 22.38 4.75 2.26 0.78 0.72 41.88
Feces 0.12 4.66 0.77 0.59 0.31 0.26 6.72
SUM 11.10 27.05 5.53 2.85 1.09 0.98 48.59

STDEV 5.58 6.67 3.82 1.63 0.82 0.68

ID, injected dose; SUM, summation; STDEV, standard deviation.
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Fig. 6. Accumulation rate of urine and fecal excretion over time (%ID). ID, injected dose.
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ol gt AL EMMDE HY FEAECE sto] o] A7 5FNT ABAZ 74
U= Q= Kol 2718 FAFA(1-131)9] oFefstd] £/44= FRTL-5 74l Ao} SiEE o]
&-sto] Al

AHollA 82 E(lodide)= A A A|EQ] Sodium-iodide symporter(NIS)ol 2]5}]
Ao g HHET NISE 734 & NE Alzdfo] S E= Alxuighlzo|t), o]
A2 ATPE ARESH] 2719 HEF o234t 17]9] 8L o] I 4x Ajx <t
O & 55 FERUTh o2t 7|HOE A A% Alato] dedog HHH 20t M)
Al 2Z(follicular lumen) W= HI=]o] AAEH, thyroid peroxidase(TPO)l| 2]3] A15}E o]
T3(triiodothyronine) T+ T4(thyroxine) 5 3441 S 22 (thyroid hormone)] g4l AR&-¥
oh11, 12].

WA AR AEE Qe 8 0 T(WNet A 8 Q E(PDE RG] ¥ dFH et ot
2hA] A7 5ZRS olghd 1gfolol FoH WA 8  E(P')= 2541 H(hyperplas-
tic) /g4 2A o YFH R HF =T, 7]50] FE A Aot 222 A eE
(B'D7F &S A 9Jste] oy Ht 53], HAMI =P DE HIIE 2 oyX]
£ 7= ot A& Fej o) 0] 23} WA (ionizing radiation)S W& ZH 3 A 74
Holl A4 N E AFE F=stH A5 avE Yerdo2, 9, 13-15].

ol 271E] FAN(I-131)9] Fef2H8-S et SRS TAtga e =(Peol. of
£ AR LEE(tellurium)S F872 2AFRE Fo 8 @ ESHHEE(sodium iodide, 'T)
SN PR o] A=, v, |9 SollA 1] A7 5 XS A=l AFE= W
AHe Qe E(Pet FYstth

2 At ZFtel Zo] B A71Q1 ThA o] HIste] I AlaZojlA] Hpo]27TE] FAFN(I-
131)9] A2 AFHE2 184 oo & FoJA o= &2 SAF Btk k3 2259 HA
HHEokle W A AlEol A o] =718 FARA(I-131)9] Al HFHEE 69% TFoE
oAl AAE ik olof wet Ao]27]E FAMA(1-131)2 R 2Et SUsHA /A
A2 NISE 55to] AEZ 0 & 1HFAlof HF == 2 713 7Hth= Zlo] ERI= Ut
R, Aol 2718 FAA(I-131) Aol ofsto] /A AEY] M2 JFES FHCE
A5FTE Aol ARGE Aol 2718 FAMN(I-131) FH 2 0.364 MeVE W&t A
BRREMNE FHECE o, WAl £k ESE 95% o= A UREE 0 & HIAMY
OloFEo 8EE £ %S WEohe Zlo] ERIE I o5 F5to] Aol27|E FARY
(I-131)°] ®&oks Aol ofste] IHA Al AbE 837 R Evhs Aol ERl= it

0|9} Zo] Mol 278 FAIM(I-131)2 /A A3k A|3 ] Alizulof UE == NIS Thald
of oJgt A&l 55rE= Boto] /Aol AR AETt. 1Ear wek JA; FE o
o] 23} WA WEF O =N A M E AP S Fidsh d5A1E /Aol tiste] A=
IS YERdT) ol AR E(PDE o] &5t 1] A7 TRT A=t HHE
oA Hare vRe} FUst)

AR 2 E(P D) A Agto] tist ABAR 4 E 2 AR E L Qlo], 7120 W

o HIE Foto] YA WollA AR =MD 4, tAL BX, i 54 I
A

— =
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shsolrle A 2R Hadith. Aol 278 FARAI-131)9] W} Foio whg 2ALE
Al A3 7]E Haiet Zfol7} QIgltt. wo} Fold Mo 2718 FAM(I-131)2 Hoh o
AFGE o) wiA AAoR HAow, FofReql nFzd Hgte] 8 2 L7t FpE
€ 24 SIolA oF 2.708, I/FAoA oF 218.68H B & £ W RE%ID/9E Hol
AR E(PD] AR AL F Fdol FAH AL
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AFH 0T sEE. A2 T 8 E(YD9 AMIR R E(PIDE A R A
3tH, ol AdAle] BdA < A Z1solH(2]. ARl=7E FAA(I-131)9] ¥5} Foio
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3 K2

3% 9
g BrElon 32 AS Foto] HidEE FHORE IRIFIT flolA 7]&3t Hiet
Aot ] A9 IAH R QE(P']) Fof Al TEEE AP A BE P Bt
A0 F 8 Q E(jodide)?] HAF T2 Tt o] 3TAIR XgPEch A WA TA 9
A G F 3 E= A A3 A|3e] EHO Ql= NISO ofste] 554% WHOE 4}
Aof| A= F WA DAA /A0 HFHE 8= A THstaA(TPO)OY 9
8f| AtstE|o] E] 222 &3 (thyroglobulin)a} A%, H1-Q @ T E| & Al(monoiodotyrosine)
T t}olo] @ T E] 2 Al(diiodotyrosine, DIT)-S AAJ3tch, 183 2 Q “E|2 A%} o}
O|R QT E|ZAIL A& AFslo] Ed]Q @ EEo| 2 H(triiodothyronine, T3) E+ EFO|ZA]
(thyroxine, T4) 5 AT E2E0] En, IPFA A% YHolA F2olt FHE ARHh
oRR| e A o A A T 222 AR IS S 24 20| & 2= (thyroid releasing
hormone) X %|3},A] HHF ] AR S 2 E(thyroid stimulating hormone, TSH)2] A
olof| 95} megalin receptor 5= 59 O T Hu|Hct FHoF Bujg IS ER
9] 99%= Efo| =4l A Z=2E-F(thyroxine binding globulin), EfC]5A41 A3}t HAHT(thy-
roxine binding prealbumin), Eto] 541 A AT (thyroxine binding albumin) 5 8% 7
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