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| EFP:0T$ OF THYROXING AND K3ON UN Cil ACITY OF M\T THYROD
TO ACGUMULATE ASTATINEZML
Ce Jo Shallabaz;gor"“, latricia We' Durbin, Marshall We Parrott -
. - © wnd Josoph Ge Hanilton |

. " Nov., ,195h '
E‘m Mvision of l‘iedioa.l Physica, &x;mrimonhal R&diology a.nd Hedicino,

| Ox"oc'lggr 9@1:&%57, Uniwraity of Galii‘omia? Berkc.aléy and .;San Fruansiccoe
ffhe 'é;soévax;y und procluotion of me}gapt '.85, a.a;t;.uu'x‘mm (1) was ‘alosell:y
fdﬁoged by at&di%ésf'of:_thg ;.hyrbidal wc;;xzmla;.;on of .th_ia, the heaviest of
t.ha nalogeﬁ eleméntﬁ. (2)e It hao been oléafiy,,;eaaablishgd tha.t the thyrold
glanda ‘of ‘:irz»x't.a, -guinga p‘iga, moz,;icay:s,‘ m;;d man 'aqlect.i\rely cuncentrate the
7e3 hou:s; .ia.'o.to.pe, Atzu,_ toa dqénie wmch is similar to, but lower thdﬁ
that of jakil (2;3,4,5,6). It mm boon further es:.amahad that the thyroid
at;imlating horuone (TsH) increases Qili;lﬁ fodide deoTeasss the thyroidal
acc;tﬁmlatinon .of both AtRll and Iisl (2,3)¢ T;ao recent raport.‘; indicate,
;ho'uavar, that the t.moura.cii ty;?a nf a'nti-.thyrom o;ampound enhanoeé tﬁe
tlvml.dalvuptuka of at?ll yn ’x.'ut.b in '001@1.&31' to low;arina tha-.Iln me

.(436). 3ince the mochaniam of the thiourucil induced enhancescnt of At.’?"u

% - This work was performed under s.niract of the Univeraity of California
‘ undai‘ the Ue Se Atouwlo dneryy Camalssione

#% Pyegent sddross, Brookhaven latichal Laborato Upton,long Island,New Yoxks
’ Y ’
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g;itake h.w not been guti;;,i‘w-cturily unlarstost .r expglueined, i-t; 'sce..wdA
_bf int.erest to st d;}'fbr’xez éfi‘ecns of viner classes oi’-_unti-thyroid. cdmﬁmds
gpon the C«.«.‘Jacit,yof _1;1'18 tayroid gland t» accumulate ‘“"211.' .It is the'

: pﬁrpoée of _t;;"xis‘;;,zuf f;:r 'At;o';")mse"m.,‘ dutu waich su_ eut thu.t.. depﬁssed thyroid
function, u..s p"md‘ucei b} bite 'ud,:,\j.rliatx-ati “n of ex. penous tnyroxine, results

_' in 8 lowemd .tn‘);_ro.idél:Ac_cumu;’.uti‘m 5f buth }'11;211 and Iln, that nhiocyz;nate

'.;.iepma'ses thélt‘-;nyi-blda..l 'ac'cu.;ul\xti.m' of At und that thiocyanate appavently
;vdi»é.c‘héxgeé‘;t‘;tzn f.'ro..n thé tnyi‘oid Llund.

%gé phng’, The @..iMﬂ used in these studius were &oung ferale Sprague~

. D'émlay r;ts that had 'beén aaintalned for ut least 2 weéka af:t.er réceipt.

fron the deuler. on Lup‘mxte:.t‘ and & pekietod stocic dlet##® yhich is gensral
uéé throughout the Dx.livumil.ty of Gulifsoria dadiavion Taboratory. . Both

fééd and wa'tar_ were given mlﬂj_._l_)_, Pood wus withdruwn fol:owiny the intra=
veneoua ad:ﬁnis?mtion of either it%11 op IlBlTa The AtRLl yas prepared

by o modification of the netaod deseribed by Gatrrison gt al (7). Following

3

#2% This diet 1s similar in c.asosition to "Diet 14" developed by the
University of Culifornia Institute of Jxporisental Blology and has been
found to contain 2.5 g of iodine rer ;reau.

T r'rocessed, currier~five 1131 yus obtained froa Oul Rldge Nitional

Laboratory, Ouk Hidge, Tonnessce.
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pretrostuent vith eitier tiyroxin: or “3CK and tas adadnistration of the
isoto,aqs, the anim;\;s welu .ufcrii’lcgd with chlorofora «t intervals of
froa 1 to 18 nours.‘ ?F'x}o tiyr.dd glands woere dissceted und woighed to
tho “}I}éamsﬂo.z ng on & tor:sio; ba;wxge. ‘I'hq ,x-xﬁy ;otivityl of the Ateld
or the r-ray wt;iirity of "L‘nc‘ Iljl were Qu@sﬁrad with an Hai—'l‘ll acintillating
| _bzﬁatal gaﬁmg;.~untazf wnj;ch ;ua bwer? ;Jcéc»z;ibad élné;whem‘ (3)s
Tl;yx"o‘x:;ne. wus given subcut;uxeoqsly in a seﬁes of 3 du.liy injections
‘ o.t a lev;i of 230',xn&.;/kg,/inject.ion ina volw:wl of O.d .‘nl‘ of; isotonic s&linaﬁo
Tho last injection of t,n‘ymxino was ivon ;, hours bufom’ the ad:nix;istmtioﬁ
of ﬁiie radiohalogense ..n eigal nuaber ol rats received daily injeotions
of a similar volu:no_ of fsot-mic suline und served us controlse uno-half
of tho thyroxine tmutc;d group recaived 30 o of 1t21r and the othor half,
10 o of 3, The snum injected control grou; was divided and received
the sase awunts of At211 or I} 4y aboves  fuo nwaber of antmals in
sach group is shown I.n' Tuble I.

cotusaium tniocy.nato was piven subcutaneously at & lovel of 80 mg/kg/
injoction 4n o voluas >f 02 .de Luch rut ruceivod 20 & of Atan. ‘Tha
numbar of r.ts in cach . rouy, thy tino sonodule wnd tie numbor of K3CN

” .ure eryatelllne l-thye xiso {3oribufe no nundred & wes dissolved in

182 ml of 00,0035 N kvl wow luot mlo wlun Bod o 2as sl g diuoted tu BeSe
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h}octioni and the intorval betweon the.admniatmtiun of the Atm and

Y aao,ﬂ.ﬁop of t.hoanima.la 1a ehown tn frahla.n'.'

1
*>

gg m The mault.a ot 8 dauy subcutaneous ujacuona

;

. ot' Wm:d.ne (230 ;dkg/dny) on. tne 18 hou.r mymidal upta.ko af 1131

N e '
"k. e

" or AtAY, body;véight,‘ and thyrotd w_ai,ght"are'-x_ﬁ'eaent.ed in Table I The

'w__ _1-‘ W S e

. -

tlvroadm ‘dasuéi wag ‘auffiolont to dépress tliz;‘gmuth rate us weasured
_ tv body wedght 16 a atatistically significunt degree (P <0401), but did

l', not. bnp'p_efdr to Arroqt -t.hyrbid wolghte Tho tuyroxine dosage depressed the

v -
-

thyrofdal cocumlation of both T3 ang At21l below that of non-myrdxino

_ troated control ratas It should bo notod that the thyroid uytake values

. for both Atzg and 1131 ara soaswhat lowe This is presumnably due to the

presence of a relatdvely laro amount of ptable iodine in the dlet employeds

KSCHe Tablo II ghows the accumulution of At by the thyroid gland
of tho rat 1, 4, and 18 hours following ite intruvenous injection with and

vithout the administration of K3CNe A subcutanecus injection of 20 mg

k2
of KSCN 1¢5 hours before e injection when tha rata were suorificed

at oithor 1 or 4 hours after the adalnistration of At2ll resulted in g
lover thyroidal cocumlation of ‘.“211 as cos.ared to the cuntrolas Rats

that pecelved 2 K3CN injeoid .ns, 1.5 houra bufore the At} yus given und
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, fsqother KSCH hjact.i*oh'u houra later with on inte:val between M21.1

. adninfstration and saorifice of 18 hours, had lover thyroid At*l values

“

__ thap the gontrols. ‘hen the interval bstwesn the aduinistration of At

211

3

e éﬁcrificfg wasg 18 houra, a sipgle injecti.n of K3CN 1.5 hours before

;7 aaprifice also produced lower thyroid eccumilation of At

s

DU

- acta to depraae thyx‘di;i‘fwxction by inhibiting the production of T3H by

* . Disoussione It hes been olearly established that thyroid horasone

-

' the 'qnt@'ri‘bx‘ pituitéx‘i (8)e In this experiment, ‘the administration of

:rgle.tively 1&11’,6 wnounté of thy_roxine appurentl; inhibited pitudtary

"+ T9H production walch, in tum, depressed thyroid functi.n as woasured by

) tha decreased thyroidal zocumulation of both Y ang 2L, Thege findin gs

arv in agreemant with the previous stwiles by ’ria;niiton and Soley (1) that

exogenous T3if inpreased the thyroidel uptake of both M?.ll and IU 1, and

_further indicate that the thyroidal accumlation of Atzll i3 under pitultary

contyol as i3 the thyrotdel ascumilution of 1131.
It hus bosn demonstrated that thiocyunute inhibits the collection of

iodide by the thyroid gland (9)e It sesas reasonable to interpret the

present finding of a lowered thyroidal uptaite of At2ll when thiocyanate

- was given prior to A1 anintatyution to a similar wochanidmg that s,
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‘thiocyanate intsrferes with the cupucity of the thyroid gland to concentrute
astatide (At7)e
What hap,.ens to the astutidé after 1t 13 collected by the tinyroid

131, iodide is

| gi;n& ;; m;re difficglt.to upa;rstund. " In the cuse of I
- _v;.mgfnmablyvoxidized to 4-io.dine and this i3 organicully bound (10). |
J:bThidﬁruéii blockslthe orgunic binding of iodine, and this is reflected
.'?§§'§.l§ﬁer.1i31 content of the thyroid glund. :Qoucvér, both thiouracil
t:;éd'prop§1v§hioura§4l have beénAshowﬂ to in&reaso thé accumilation of
Aﬁ?}.bj tile-t.:xyroi'c-:l. glund (4,6). Thes_e'i-;sults ﬁave indicuted that
'."_the h@h;vior of tﬁeﬂ@hyroid toward Atle and'il3l i3 not aiwaya ginilar.
;fgis ;ﬁ nbt 5urpri§}ng einco th0.qbemistryvo# uétatine and iodlne differ

in mqny'raspeoté (11)e It hds’begn shown thut thlocyanute. administration
Vaftex»" the ;rgani'o binding of _i1_31 d;scnuz«ge; 11ttle or no I1(9). " Since
'in the prosent qxpariﬁent a#pfoxiﬂutely 50% of the Atzll was discharged
uhén KQCN was given 1.5 hours befére_an 18 hair Atzll uptaka{ it 1is apparent
“that the At*M agcumilated by the thyroid:is not organicully bound in

& manner that is striotly compavable to thé orgunic binding of 113,

Sumnarye le The adminiatration of thyroxine to the intuct feaale

&przugue-l_)wl@y yut yesulted 4.r; a lawered t,hyroidul_ aocumlation of both
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211

At ang 131

e Since it is krown that thyroxine inhiblts the pr6dudtion

‘of T8H by tﬁe pi@uitary rland, Lt ies su.: ected ghat a reduced pituitary
ﬁpnction féaultad}in‘a reduced thyroidal sccumulztion of both halogens.
.,itlib furéher iﬁdiéated thul the thyroidal accumulation of AR gg

"#@def pituitafy QOntrgl.

2s Iﬁ'ﬁés been de;onstrﬁted tha§ thiocyuuaté blockse the thyroidal accumu-~
:{létibﬂhéf.;staﬂide, abd that since thiocyanmﬁe cun dischqrge A2 from the

“thyroid glbnd,,AtZIl probably is not orfanicelly bound in a manner similar

“to the Srganip bindiﬁg.of 1131,

. Ackiiowledzements, Authors wish to extend sincere thanks to Mr. B.B.
Rossi and the stuff of the 60-Inch Cyclotron who were regponaible for the
production of the astutine, to Mise Margaret Gee, Mra, Marilyn Williams,

Mra,. Ruthbwawman, and Misg tylan Jeung who gave technical assistance and

%o Miss Catherine Jjoblam who prepared the manuscript,
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¥able I. Effect of 8 Daily Subcutaneous Injecti ns Lf Thyruxine

(230 pg/kg/day) on 18 duur Tugroidal Uptake of IM3L or at?ll, pody

Walght and Thyroid Weigat of 55 day-old feisle Sprague-Dawley Hatse

1

LﬁétTnyrbxina Injection Given 4 Hours Bef.re IV Aduinistrution of

'glaotope
- ‘me.tmt" | No. Of  Mean Body  Me.n Body  Mean Meun * SteE.  ifean + Ste £
Lo Rats Wts Begin~ ‘Wt. at Thyrold Thyroid up-~ Thyroid conce
_ N ~ ning Sacrifice Wt. take % of % 1sotope/g
. ’ g g - mg aduineisotope wet tiassue '
Thyroxipe + T 8 121 133 9.8 S E 06 Toek 646
Gomtrod + 1+ 20 14 w8 123 6.00% 5L 502 %46
Thyroxine + At?Ml - 10 - o114 1% 946 068 & JO0L 649 % 45
Controd + a2 9 119 W 947 W305 % WO0L - 32.0 % 4.3

4 . -
PNt ts oy i ety ms

‘When mean value is underlined, this indicates that it was

¢

level of confidence,

tested agalnst the

mean - imnediately below by the t~test (¥2) and the P value was beyond the 1%



——

Table II. i“ffects of a single »r Double Juloutunesus Injectl n of

KSCN

on Thyroidul Upime of Atzu in 13U duy 2ld foumle 3prague=Dawley Hatg.

Interml betwsen . Inta:val betwesn HNas of  Meun  loun iloan

Ceids Sheliabgrgur, ot el (1y54)

3ted  Meun 1 Sto:
“AtRll IV Injection - K3CN Injection Rats Body  Thyroid Thyroid up~ Thyroid Cur
.and sucrifice and suorifice ’ Wte Hte tuke % of % at<ll/g
. he ‘ hy . g - mg adaineit?dl  wet tissuo
EES T nome’ 5 252 2045 3L % $02  15u60 & 1.
1 25 5 254 2043 €07 £ W0L 3419 W)
A " nome 5. ue 16,8 032 4 403 18,95 % 1.3
4 505 5245 167 o100 # 0L 5.85 % o
ERED X: I _ npone 6 248 1949 40 £ 406 20,00 % 2.1
e . 198 S 6 24 1BaB W45+ W08 23,08 x 3o
18 - 19,5 =55 6 255 18 J16% .02 B.673
8. s . 6 248 210 _e2 & W02 10,37 & 14
When mean value. is undeilined this indlcates that 1t was tested against tho mean
of ‘the.gontrol non-KSCN injected group of the suue intervul betueen Atzn injection

and shbrlfic‘b (12) and the P value wus boyond the 1% level of confidencae





