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This has been a broad investigationof physiologicalard x rplmlcf
.@dUCed by 1311 in tk thyroidsof animals* mn. The wrk ::;rizinal.

1949 und~- an AEC contiact-at the MassachusettsGeneralHxpital, ‘Wstr
present@ncipal investigatorof this projectwas one of the msponsil
under *t contract. Ih 1951 tk principalinvestigatorrrovedto Case
Universitywhere * present contractbegan.

Various -s of observationshave been in progressat the Sam ti
to the variabili~ * availabilityof specialclinicaloppormnities
te the use of 1311, owing to the necessarytim intervalsbetweenseqw
observatims on animals and in mn, and owing to acute demmis on resei
Wkrl unique opportunities-*, effortshave be- directedin diffamr
deperdingon the cimmnstarzes that existed. The personml engagedin
continuallycccupiedwith differentaspectsof the project depeding a
of CiXcmstances. Imled, the collectionof nkaterialfkun irracha“tedl
ad the study of these individualshas extendedover ~ years in *
mough data to permit Satisfamry conclusions. we Ilustbe con “==14
go into detailed study each time an opportunityarises,but remainm
mm electiveanimal studieswhen circumstancesare mt pressing.

Tk! StUdy Of th lIK@lOIOgiC-S -W OUt Of tk fiX’Stobservz
&eated ~~ids. in H. A gccd my years were spem developingvaric
columnard paper chmmtogm~ for the separationof icdinatedaxnpouf
when these mtbds were not available. These metkds were used to stu
Changesin the amunts of these compoumisin blood and in thyroidtkx
kadiated thyroids. Extensiveand d tailedobservationswere mde by

5on selectedpatientsat the time of 1 11 therapy,ard tk infommtion \
referenceas follow-uphformtion was obtied on these hiividuals ti
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A varietyof long term studieson animalshave simultaneouslybee
to detemine the potentialitiesof irradiatedcellswith respect to gl
to nuclearstructure,to changesin capacityfor cell division,ti nec
and to the life of the cell that is crippledby radiation. These o
led to informationuseful in recentnationalpopulationstudieson ?3?
variousstudiessuppr-tedby this contiactare brieflydescribedin th
that follow:

The Eevelopmmt ad Use of ColumnC!hranatography for the SePamtion of
Amino Acids

A mtkd for measuringthe formationand disappeamme of idinat
L1 thyroidswas desirablenot only to studythe normal steps in the sy
thyroidhcmmne but to observethe effectsof radiationon these steps
and on thyroidfumtion in general..

When stamh column chromatographyof amim acidswas firstdescri
Stein and Mama in 1948, the principalinvestigator,while still in Bc
to mdify this techniqueso that it mightbe appliedto the quantitati
of icdinatedamino acids. Itwasabout thetb that this methodofs
usingan acid medium,first provedeffectivethat the first report by
a~ (1948)on the use of paper chromatographyto separateiodinat

After the interruptionof work causedby the transfer to Clevel.ar
of chmmtographic sepration was testedin a largevarie~ of experin
the absoluteidentificationof the icdimted amim acids, the cmqlete
separationof the conqmuds and the reproducibili~of * separation
fol.lti a lengthyperiod of studyon the pssibili~ of intemhange c
icdine labelamng the amino acids dudng the course of the separation
Intheacid mdium, which was used in+hstarch columnsarrlinely
paw ~*aphyj * proved to be sane interchangeof icdinatd
validatingthe mthcd for use in the acplomtion of biologicalpzmcess
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Publicationsbased on chromatography(phnarily paper chz+matopjaphy)T~solventinacidmediaHbegunto appear and theirreliabilitywas questioned“ “
took place. Agmat~of timande.ffm wasthendevotedto~ find means
of inhibiting&s interchangewithoutothemise altering the naturG o; he biological
samples. Sodiumthiosulfateprvved to be an effectiveinhibitorof iodi-leintemharge.
This was later supplantedby thiouracil,but in the p~s of exploringthese
problemsthe entire solvent systemwas changedto an alhline mdim whiilwhen used
with S* columnsproved to be a mre satisfactorybut exbwmdy I.akm-Ous methcd
of separatingiodinatedccnqmmds. By carefuladjustmentof the mtios )f*
CX)nstituentsof the solventand the additionof a smallaxmunt of the ~ l=~=ta
it was possibleto separatethyroxine,iodi&, mmoido~sine ard diiod)
quite effectivelyard int~e of the labeldid mt cccur
See attachedFigure 1.

-f= Aonation.
Collectionof eluentin 2 nilvolumes fmm starchcolumns

mti+ ~ separationof the compoundsby as IID.IChas 20 milliliterso :solvent. me
reprcxluclbfll~of * seption on starchcolumnswas proven ~ mrunn ng single
:~~ap ? previouslyrecovered,with other unlabeledampmrls IOdetemim

ircumstames completerecova failedor int6m2hangeof the Sotopic iodine
in CclIIpourdsoccurred.

qusingti mmdjtwo unkmwncmpmlds were ~tedly follxxii thyroid
tissue. Fm, mme than 2 years effortswere made to identifythe largest al-dseemingly
lmst importantof the 2 mknowns which was repeatedlyfcmxi on eati frac-ionation
of tlwmid tissue. ~ Gruss and Pitt-ltiver5described3. 5. 3-triiodo-mmni.m on
paper-Chraratograrns, our WnknoWn in” provedto be this -.

I
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study of the Hydrolysisof Thym id Tissue for the QuantitativeRecoveryc
*~-

A methcd of remving the iodinatedccmpoundefmm thyroidtissueas
step to separationand quantitationwas required. Methodsof hydrolysis
idinated csqourds fzrm thyroidtissuewitbut eitherdegradationor syr
substanceswas thoroughlyexplored. Isotonicallylabeledcmpomds isol.a
form by columnc.hramtographywere sub-jettedto hydrolysisin the present
ldbeledthyroidtissueand other types of tissue. Thiswas done to test
of the recoveryof each iodinatedcompoundtier cmnmolled conditions.
agent was added to the hydm

W
is to inhibitinterdange of iodim atans

processof hydrolysis. The I remind bound toeachof theoriginalc
the exceptionthat as mxh as 17% of 1311 in thyroxinemight be freedas
@mxine was exposedto the hydrolysisof thyroidtissue. The cunpound,
identifiedas bjiodothymni,ne,was also slightlyunstableunder these cc
hydrolysis. !D?iiodothp* mnetims representedas much as 20%of the
of iodinatedcompoundsfrun tissue.
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The mtlmds which m developedwere used to quantitativelystudy

4

biological
Synthesisof thyroidhormne in thyroidtissuewhen 1311had been given as lam
to rabbits. TIE work utilizingthis method of separationof iodinated “ ac5ds
- publiskd in 1953.

Dobyns, B.M., ad Barry,S.R.: The Isolationof IcxdinatedAmino Acids 111~
tiSSUS by Means Of Starchtilmn Clmmatography: ~. ~01 . Chem. 204:417-5 ,
September,1953.

—— —

This report*ibed the qu@it..tive changesin the i “deand iodirLted

=Ze2~~
Pid as time passed ;o~cwing a &se of 311 @ven to ribbits.

$mrkoftheprecdmg 3 x on * develqmmt of t= mttmd,
* reproducibilityof the results,the identificationof the cmpamds ad their
individualstabili~ in the systen,and the mture and controlof the hydm
thyroidtissue. The biologicalturnoverof iodinewas illustrate in rabbi:
studyingthe thyroidat various intervalsof time after 1311 had been givens
attachedFigure 2. Al*gh the icdide fration containeda ~ amunt o :
andthethymxim fractioncontainedvery little,the iodideami thyroxine
shiftedin favorof * thyroxinewith the passageof time. The ~ ad
fmctions were mjor sitesof 1311 in the @ duringboth the earlyand 1
of observation. ‘he pranptobservanceand tkreafter steadystateof the i
the mm- ard tiodotyrosine fractionpruuptedthe hypothesis*t mm- an~
diicdo@msine servedas a lmldingmchanim fm iodine (storage)before it
convertedto @rmmle

.
.

Because of the lalmrims aspectsof starchcolumn chmmtography of id
amim acids, similarseparationswere atteqted using diatcm3cecmsearth m.
S~ to the mti of Braasch. Scme tim was savedby scmwhat faster f
but in these columnstherewas a fonemming peak which proved to containv<
anountsof each of the same amino acids that wem separatedas * chramto~
developed. Under these circumstancesthe method could not be used quantita
~ted +LUXIS in sexum or h@mlysates of tissue. It did, rover, p
Scmewkt mm separationof thyroxineand triiodothymninethan did the sta
and was thereforeused for this purpose in SO= ~s. A
m devotedto resolvingthe fommmdng mixtureof unseparated
this provedfruitlessand the mew was abamloned.
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TIE Use of l°C LabeledT@osine to Explorethe Synthesisof ‘1’hyroid Hormne

The 1311 studiesdealingwith the synthesisof iodinated
led to additionalwork attemptingto use a second isotope. -Ty&!!
with the label in the carboxylpositionwas incubatedwith thyroidslices i1 a nutit
solution to study the sequenceof the synthesisof thyroidhcmmne. As exe ed, the
14C labeledtymsine was recoveredin its originalform in the thyroidtissJe slices
but none of the lQc was foundin the mno- or diiodotyrosinefictions. It was
_+Sing then that sm of the lUC appearedin the thyroxinead triicdut~nine
fractionsrecoveredfirm these slices. Bemuse of the longstandingaml m “mrsally
atbxmtive theory that the synthesisof thyrmdne is accanpli.shedby the coIlbinatiul
of tw icdotyrosinemlecules, this apparentby-passingof mrm— and diicdotym

.

to form thyroxinewas unexpected. See attachedFigure 3. It shouldbe poiItsdsz tl’nt
the yieldsof 14C in the thymxim - biialothymins fractions~ Vq Al Ialt
signifi~t. This was reportedin the discussionof the paper by Gross and ?itt-Rivers
at the LaurentianI-kmmneConferencein September,1953.

D@ns, B.M. ~ discussionof a paper by J. Gross ad R. Pitt-Rivers.

T

id~
Physiology~ B”mche&myo ll?iicdo~lhe in Relationto Thyr9idmlys” logy.
Recent mss in HorlmneResearch10: 119-121AcademicPress, 1954.

Paper Chmmtography of IodinatedCmpomds
I

Altbugh it was possibleto cuupletelyseparate&e iod.ixnted

T-

q*
stamh column methcddevelopedand described,it was so labmims tht it
almstawek torunasingle sepamtion andccnmt aXLofthe samplesfkun t. It
was ~ore impossibleto use this == of separationfor a seriesof
containing1311 and collectedover a period of * or a few days =use
amount of isotopein iodinatedcanpouxdsdecayedbefore it could be acmHXtdy.

l’hepapermttndusingkutamlas aprimipal”

‘F
“toftksolinaacidmdiumwasextensivelystudiedin m laboratorybecauseit was rapid

reasmably quantitative. !%mhlimw asspents tulyingthi.s mkkl asit .-
used by others. Inthelight ofomexperiencetith theacid tim used Y



in the starch columns,it seemednecessaryto determinethe circumstames
introducedvariabilityin the paper systan. Interchangeof the isotopic
labelagain pnved to be a seriousobjectionto the Ethcd when an acid n
was used. The shift to anmmniain a butanol solventresolvedproblemsof
It was found that the water-butml ratio could be adjustedvery critical
redwing the temperatureof the freshlypreparedsolventand thus reducir
volubilityof water in butanol. The remval of excess water (by separati
lowertemperatunsand the returnof the solutionto rcom tqrature tie
chromatographyprocedurevery reproducible. The separationof all the in
conpauds was surprisinglyclean.
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The quantitativepaper chmmatograms proved to be much less laboriou than
mlumn chromatography.

$

It was then pssible to carry out a seriesof q “tative
detenninations on the serun and Imineof a patient in a pericd of a few w s. This
led to a very extensivestudyof serial uantitativechmrmtograms on bl

~311 ~ been given.
hours,

days and weeks after a trea~t dose of Thesestud ; will be
describedin a later sectionof thisrepmt.

Cellukr Changes in Human Thym ids Treated’with 1311
I

During the late 1940’s the reqrmsible investigatorbecame interest - in

~~$#~lf~ti~~ in th~ws o? s~.~~im~ wb had pmviou~ ,be*
the =sponstile nves~ator = a surgeon,there ns been

a uniqueopportuni.~to promre samplesof previouslyirradiatedth~ids u tiervery
stricteqerimental cotitions, irxti=tionfor surgeryusuaHy being the remVal of
residualmasses. With the timingof the p~uremen t of the sauplefollowingtrace
dosesof 1311 w the analysesbeing _ied out in the labaatory tier th? su~sioa
of the same person wti designedthe experh= pmtccol d procued the qles of
tissue,it has keen possiblenot only to obth, with ~ise. timing,tissu‘sand Carry
out specialhistologicaltechniquesbut also to observe the synthesisof @ rroid
horxme by these “reradiated@ads. At the - of the mve * Bostonto Clevelard
a totalof 29 human thyroidtissueshd been collected. Althoughmuch of t E work had
been done tier the former contractin Eoston,the preparationof the nnter..al* of
the Publi=tion was accomplishedlater. Tk mst importantobservationin ‘hl“s say
of radiationeffectswas the large,bizarrenucl~ forms that appearedin “hehuunn
thyroidslong after the radiationfrcm 1311 was gone.

Dobyns,B.M., Vickery,A.L., Maloof,F., and Chapman,E.M.: Functionalan
Effectsof TherapeuticDoses of RadioactiveIodineon tk Thyroidof Man.
Endocrinol.8 Metab. 13: 548-567,1955.——

Histologi@
‘.clin.–.—

EarlyRadiationExperimnts to StudyChangesin Cellular S-cture ad Func-ion in
Animals

When the bi~ nuclearformswere first discoveredin man, animal e:perilments
were designedto observe long and shortterm effectsof radiationin thyraics of rats
givenvariousdoses of 1311. More than 200 young rats were injectedwith vtrious
doses of 1311 rangingfxwn 1 PC to 300PC. The uptakes were detemined, anc the
subsqent functionalnature of the thyroidsstudied. This studybecame th ~-
effortof Dr. Far&e Maloof who was a m-mrker and mw the kad of the thy o
labomtory of the MassachusettsGeneralHospiti. Graded impirmnt to function was
dexmnstratedin the ~S . See Figure5. m m IIrlstinterestinghisto:9gic changes
in thesetlymoidsfollowingirradiationwere a persistentimrease in cell 1eight of the
thyroidepitheliumseven in the slightlyirracb“ ted glands and the bizame ntZlearforms
as had been seen in som of the humn material. The increasein cellhtight, which was
thoughtto reflectan endogenousstirm.ilusfrcm the animal’spitui~ resultingfnnl



subtlefunctional
50 and 100 NC of l== “es

ent for 1% years followi& dosesof
. It w= discoveredin these studiesthe

th&oids failedto enlarge in responseto the administrationof thiouracil
spite of the increasein cell height. The bizarrenuclearforms be- ap
after the admims“ trationof the thiouracil. Suchchangeswere producedin
that had received5 AC and were accentuatedin animals tit had received2
100 J-u. The resultsof these studieswere published.

Maloof,F., ~byns; B.M., and Vickery,A.L.: The Effectsof VariousEases
RadioactiveIodineon the Function and Structureof the Thyroidof the Rat
hdocrinol. 50: 612-638,June, 1952.—

MorphologicalChangesin the Nucleusof Rat Thyroids Follcwing1311~~~

One of the primaryobjectivesfrom very early in this conbact has b
the natureof the large irregularhyprckam tic nuclei in irradiatedthyr
nunbersof rats were placed on an iodinedeficiemtdiet for a numberof da
given varioussingledoses of 1311 to study nwlear changesin a varie@ o
previouslyobserved,changes appearedin severalmonths ad w- accentuat
administrationof thiouracil. The ~t to tie g~~ x-t
usuallyproducedby the administrationof thicuracil,~ again evidentfc
of 1311which were not large enough to cause architecturaldistmtion. .@
frequentobservationsit becam evidentthat t& ~t to enlargement
in the mildly irradiatedgland surprisinglydid not occur pxmptly after 1
been given but cccurredafter a considerablelapseof time, long aften the
f‘ti’~ fmm the gland. See attachedFigure 5. The appearanceof abunck
nuclearformsad the i.rAilityof the gland to enlarge on thiouracilseen
t-ally related. Theie observationssupportedour belief that the irre
forms representedpreparationfor but thwartedattapts at cell division.
of hypertrophywas suspectedto be a consequeme.

In o?xlerto explorethis possibility,animls w?re divided into seve
dependingon the radiationwhich they had receivedad wexe given Colchici
attanptwas @e to determinea mitotic index in the previouslyirradiated
arkls b?eatedin variousways with thiouraciland colchici.ne.Unfortum
mitoses seenedto ke either sufficientlyinfrequentor unidentifiableso t
experimentsdid not yield conclusiveresultsas to the freq~encyof mitose
mre extensivestudiesof nucl~ changewill be described.

Observationson the BiochemicalChanges Resultingfrana S”mgle Therapeutic
3~IinMan

Early in this project enormus ammnts of time were devotedto col.h
detaileddata, especiallykinetic data, on selectedpatientswti were give
therapyfor hyperthyroidism. Only selectedpatientscould be used because
enormousannuntof tin required for the studyof a singlepatient. The s
clinical effectsof 1311 therapyhave been ultimatelymeasurd againsta I
backgroundof data on each individualpatient. It was kmped that in this
might be possibleto find explanationsfor the great variationin the req
~f erentpaiie.ntsto this therapy. The responsibleinvestigate is in c1

I therapy,as well as other forms of therapyfor hyperthyroidim at Cle
Me&opoli.tanGeneralHospital. There has thusbeen an Opportunig to Stuc
patientin greatdetail.and to organizeall studiesin a predeterminedfa:
the largestamunt of informationcouldbe obtainedfrom each patient,whe
treatedsurgicallyor ~th 1311.
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The followingis a brief outline of the observationsmade on these pa

1) To determinethe anmuntof the treatmentdose takenup by the thy
ith almst daily thyroidalmeasurementts, determinethe characterof the di
me of 1311 ~ the gM.

2) To follow the omcentiations of 1311 in the serm at the sane int
he above observationswere being made on the disappearancefrom the gland.

3) To determinethe amunt of 1311 extractable(withwater saturated
Kmm the serum.

4) To prepareserialquantitativechromatogramsto shcw the anmunts
odinatedcompoundsin whole serumand in extractsof serum (hours,days ar
ollowingthe admkis&ation of the ~tment dcse. These serialobs-ati
nitiallyreflect the abnormalitiesof the diseaseplmcessaml variationsa
atientsbefam a substantialradiationeffectoccurs,but they also reflec
hat are irducedby the radiation.

5) To detemine the subsequentfunctionof the ir.mdiatedgland by II
f 1311 uptake and hne productionand to ~late theSeto the pretreatm

6) To make observationson the sup~ssion of circulatinglympbcyte
ytes each tiue the above observationson blocd were made. This was done c
ears of the study.

7) To relate tk bicchemica.1data to the effectof the total dose of
eliveredand to the ultimateclinicalcourse of the disease.

TIE rise and fall of variousconpounds (suchas thyroxineand tiiicdc
he appearanceof certainother ccmpotis (suchas nmlo-iodotyrosine,diiti
nd tiyroglobulin),after the treatmentdose reflectednot only the effect
adiiition,tit also prohbly reflectedthe featuresof tie abmrmal physiol
iseasebefore the radiationeffectbecanes significant. Retispectively,
atternsof icdinatedmmpouds in the blood, the alterationsin rate of H
adioactivityfrcm degyadedthyroxineto the thyroid,and the subsequenttc
he functionalcapacityof the gland permittedan analysisof what had oca

Becauseof the largeanmuntof labor involvedin the study of each pz
his study, only selectedindividualswem used. Duringthe early part of
he personnelon the studv devotedalmmst all their time to these studies.
s &e Gther long term stLdieshave evolved,mre selectivi~ of patientsha
total of abut 2,500chrmmtograms tive been preparedon appmximat~y 225
ari.allystudiedover the courseof about 15 years. Thesevery extensivedal
at only been analyzedbut also stored for referenceand reviewedfmm time 1
he light of subse~uentclinicaldevelopmentsin thesepatients. Many of tk
re related to other observationsdescribedunder this conmact.

~n~ibution of the 1311 KineticsData of the PublicHealthServiceFol.lcx+q

Whentk VI“ d StatesPublicHealth Serviceundertcoka follow-upstuc
wge ~ of 3 I treatedpatientsin variouscentersparticularlyinterw
hyrmiddisease,the responsibleinvestigatorof this cnntractwas asked to :
he protocolcomnitteeand subsequentlybe~ ckirmn of that commitiee. (
aboratorybecame one of the 19 centers in that study. In the course of tk
ata accumulatedat variouscenters,it was found that therewas considerable<
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1311_~td pdtkI1 the extent of the observationsthat had been made on
Lthoughpercent uptake of the &eabnent dose, estimateof glandweight,al
leeksof urinary exa-etionwere often obtained,detaileddata for better~
:andingthe kineticsof the 1311 suchas the long term sequentialobserva
?haviorof 1311 in the gland,the changingleve1s of radioactivityin the
Lththe char@ng patternsof the compounds,the daily urinaryexcretionsf
:tivityetc., were usuallynot available. Eecauseneitherthe observation]
M_mds of making the observationswere uniformamong the institutions,it
Jmake canparisonsbased on ffagmen~ data between patientsin differeri
:thereforeseemd desirableto try to discoverpatternsof responsefmm
Ltaon a few patients so that reasonablepredictionscould be made for m.i
~othemise similarpatientson which only incompletedata were available
~taileddata which had been assembledin our laboratoryover someyears u
Z contract (includingthe long term follo+up data) were &awn on rather
ltsuperficiallyin an effortto preparermdels of kineticsin variouscl,
lerapeuticSituations. Data on sequentialblocd levels of 1311, disappea
‘erthe thyroid,sequentialurin~ excretionof radioiodineand the appa
.sappearanceof iodimted ccmpmnds in the circulationas they relateto
“fect were furnished. However,time has not permittedtheiruse. Althow
:eeringcomnitteehas felt keenly that data wh~ it might relate to Icine
:testedtlmmughly where the data were available,therehave mt been pe
:quaintedwith the problemnor fundsavailableto explorethis area of th
udy. Dr. A. Eertrad Brillwho was the USPHS physicianand who m?iginal
.tionalstudy is now at Vanderbiltad particularlyint~sted in this as
tionalstudy. To &te dimec-tionof tlk mtional.study has been tcwartlleu
oplasmdevelopnt. More wi~ be said of thiS hter.

e Disappearanceof 1311 frcm the ThyroidFollowinga Thempeutic Dose of 1

In general, there are three -s of curves that describethe disappea
erapeuticdose of 1311 from the thyroid:

1) A rapid decline of 1311 fmm the gland. This is seen where very 1,
1311 are given for the purpose of producingrapid ccmpletedesbmction of
ry sconafter a large dose of 1311 was given (days)the land was unable h
e f1311.i~de wfi& becaIIEavmle fmm the degraded 1 ll-thpXiJ-E in t

ter the loss of 1311 is due to disintegrationof the gland.

Occasionallythe loss of thyroidfunctiondid not follow sucha precip
~1~ ~ 1311. The serialquantitativechmmtograms reveal that there ar
tientswti mke thyroidhornxmevery rapidlyand release it into the circu
at much of the radiationeffectis deliveredin the circulationrathertha
~id. This was shown by the very mpid disappearanceof 1311 fixxnthe gl
pearanceof high levelsof 1311 thyroxinecirculatingin the blocd.

Therewere other patientswho shaed a steep decline in thyroidalradi
t who did not show a favorabletherapeuticresponse. In som of these sit
-e was found to be an unusuallylargeamunt of triiodothymnineproduced
fiicularpatient was actuallyfound to be producingrruretriiodothymnine
~xine. In this patientthe serialcetograms of urine also revealed
>untsof tiiicdothyonine. It subsequentlybecame clear that triiodothym
t well hxnd to protein in the circulationand that considerableamountso
t throughthe kidney. Thus the opportunityfor this 1311 to returnto the
3 lost.

‘e ~ =5 ~~~a ~~~ of 26 quantitative~to-
enomemn was observedin a patient

m therapeuticdoses of
hyperthyroidismwas contil.led.
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@byns, B.M.: The Failure of RadioicciineTherapyPresunddy (Ming to High
‘riicdothymine Productionin a Patientwith SevereGravesr Disease. Unp Mished .

These observationspnmnptedan ~ysis of data frcm those patients n which
here had been triicxioti~fie found in the serialctitognams. At tha:tti 27
f 52 patientsstudiedhad tiiicdothyrminein the circulationearly in #t pericd of
bservation. tist of these were Graves’disease. Most were classifiedas havirig
ore severeclinicalmanifestationsof thymtoximsis and almst all disp1;.yeda very
apid conversionof icdide to thyroxine. Triiodothymnine was also found:n a case of
oxic adenxnatousgoiter; in two patientsthere was a smll functioningmm t of
hyroid tissueafter an alnnst total thymidectomy had been performed;and @ euthyroid
atientswere lmeatedfor anginapectoris. These findingswere s
ubli.cation.

umnarizedina

enua,R.S., Dobyns, B.M., and N=, A.: Triiodothyrcminein the SerumCf Patients
restedwith RadioactiveIcdine. ~. CMn. Em3ccrinol.& Metab. 15: 1367-1:78,
3V-, 1955.

——

Another cause for rapid dectie of 1311 frcm the thyroidis the presence of unlmown
xxwes of 1271 which will d“lute the 1311when it is returnedto the circ.ULation. The
tudyof this phenunexxmwas carriedout by the deliberateadministrationc: 1271 in sone
~sesfollowingthe treatmsntdose. Contraryto expectationit did not al ys ptiuce
le steepdeclinethat was observedin scmeof the ~ti.entswti failedto ~,Wti
Jxequent observationssuggestthat altioughthe 1 11 may be releasedfrm the giand
~pidlyad diluted ~t of the circulationby an eXCeSS of 1271, fie ex=s s 1271 =y
Lowti actualrelease of hoznmnefrom the gland in Gravest disease. The )Ver-all
:sultis thereforeretentionrather * loss frcm failure to recyclethe .cdide.

2)A” Ingh uptaJcefollowedby a very Slew gradualdeclineof 1311 fru
~~id. This was the mtural disappearancecurve that representsthe biol
XTGZ Of i~e. This suggestedthat therewas m disinte~tion of the
m destructionof tlm~ mchanisms whi~firetrapthat icdidewhich is mde a
mm ti~xine @t has been USed by tileperipheml tissues. In spiteof
LW type of disappearancecurve,many thyrotoxicpatientswith this patter
rewedmarked redution in their thyroidfunction,but tie “declineoccurred
/erquitea numbezzof nrmths. A promptdramaticclinicalimprov~t, fol
nn afterby hypothyroidism,was seldomseen followingthis curve.

3) A well sustained1311 level in the thymid for 7 to 12 days follo
+inthecurve and asharp decline. This patternin almost all irlstanci
rrelated m.th a furly prec~p~toussubsequentdecline in thymia function
xi.alquantitativeChrumatognms in such cases suggestedtiat the change fi
? the cume representeda failureof the gland to retrap iodide. A varier
isap e curves are shown in Figure 6. Apparentlyfollcwingthe b~ak
mve,=- rmt =ycled back into the thyroid. When MS break in the
me was clearlydenrmstrable,the incidenceof myxedem was noticeablyin
leseobsa?vationsand others were describedin a publication.

mud, R.S., @ Dobyns, B.M.: IodinatedCcmpoundsin the Serum,Disappean
dioactive Icdine fmm the Thyroid,and ClinicalResponse in Patients‘Mea

J Clin. Etiocrimol.& Metab. 15:@ioactive Iodine. _. 118-130,January,1(——
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There was a relativeincreasein the ammnt of c.:allating1311-i~i j~ ~
ruportionto other iodinatedcompoundsshortlyafter the break in the curve in
unmmus instances. A coincidentrise observedin the excretionof radioe2tivityin
he urine seemedto ;’eflect a f&lure of rewrappingof iodideby the glanc“.

It had been the plicy to prepare butanolextractsof serum from w “

.1

sane
f the quantitativechromtograms were made. Concentratingthe icdinated ompounds
nhances the possibilityof detectingme unusualsubstancesthat might present
nly in minutequantitiesin whole serum. The butanolused for extractio was
aturatedwith water so that idide in additionto iodinatedorganicnmle es was
ecovered. Otherchrcxnatogramswere preparedon whole serum for purposes f comparison.
he extractabili~of the radioactivityin the serumusing this extractio systemwas
bserved to declineas the radiationeffect took place in the thyroid. A the same
* chmrmt~ams fran whole serum shcwedthat the radi~ctivi~ represe ing the
nsoluble fract?onad remainingat the applicationpoint increasedmarke y. This
epresentedcimmlating thyz-oglobulin.In so= instancesthe extractabil” , which
o-y is 85% to 95%, droppedas low as 65% to 70%. Where this occurre the
ubsequentclinicali.mprov~t was usuallyqyiteprcmptand hypothyroidi was a
predictableoutcome.

he s“qgni.ficacce of Mono- and Diicdotyrosine in the CirculationFollowing ’311Therapy
or HyperthYroidism

Farran,Lea, @olden and Abbatt had reportedthat the presenceof m 10-and

T
iiodo sine in the circulationin patientswit~kthyrotoxicosiswas an iidl“cation
hat 13 I thempy might fail. Their observationshad been made on single samplesof
Jocd from 92 patients. In contrastto theirobservations,when nultiple exterminations
n the form of serialqlarrtitativechranatoF ~ availableon appmxi ~te~y ~~~

atients with thyrotoxicosistreatedwith 1 11, the observationsof the Er~lish~&S
rerenot confizmed. It was found that thosepatientswho had mono- and dikdolqnmsine
n the circulationultimatelydisplayeda more strikingradiationeffect. In many
atients the xmno- and diiodo~sine began to appear on the fourth or fif% &y
“ollowingtk administrationof 1311. This appearancewas usuallyacccmpa11“edbya
‘educedextrackibilityof the radioactivityfrun the serum,a greater quanti~ of
‘radioactivityT at the applicationpointwhen whole serumwas =to~aphed,
-P-t sub~quent ~ca.1- improvement,and a high prdability of subseqlent
ypthyroidism. See attachedFigure 7. It was concludedthat the present:of 1311
n the form of mno- and diicdotyrosinerepresentedproductsof disinte~a :ionof thyroid
issue. When found,it was usually in minor quantitiesin the circulation

cmparison of h or More TreatmsntDoses in tk Sam Individual
I

We have been on the look out for patientswho requiredfurtherretra.tmnt with
‘radioactiveicdineso that it muld be possibleto canpareall of the obse‘vations
rwally made on radiationeffectunder the tm therapeuticconditions. On !Of two
iituatiansmay exist in the patientwho requiresfurthertrealmerrt.Some -Hy have had
itile clinicalradiationeffect;others may have had an effectwhich was gconsiderable

/A



tutnot .deqwite. Repetitionof the detailedstudiesin both types of p dlznts have
been deskd, but Unfortunately the emrnnus invesment of time am effu% to fallou
a single mtment &se in me ~tient has been so -t that it has onlrbeen
possibleto study selecttxlpatients. Tlus, it ks only beena chance00 ~ tha=
an additionaltherapeuticdose of radioiodinewas necessaryin a patientubhdti
CcaqAetelystudiedon the first “on. Partlyby ahanceand partly

‘~ which was not sufficientto m ‘r
design~

few ~tknts wre @Veil a dose of
to a euthyroidstate. A second therapeuticdose e~tly equal to the f”
subsequentlygiven in a few inswces and all of the ob~ations re
~tive s+s of the w .matment doses have not revealedinfonna~~ *t “~
~ku.1.arly lnforrative,except t-l-atthe secotidose wag often not taker ‘q as &l
as w -h first.

to ~tti .%~
. .

~t -“<
in tk Ckulation FoLlowhg I Therapy

mzt~=~ ??i?t~~t ‘t i? -~ ~to- of serlm follc
-a

~sed amunt of rdioactivlty at
point. Paper electl+lomsiewwtsed to explorethe nam of the
uhichmmained at M appl~tia point. lhese observationsal.
~y for a nunberof y2ars, did mt reveal strikingresultsexcept mslmttk=
nuch of the ~tivity was in the alpha glohli.ntiction ad probablympregen:ed

~~e~_~~-3~~~ ~Z ?-Z ‘t-t ‘a * ~
●

The Role of Triiodothyronk in ~idism

Sirce we axrlothershd identifiedtriiod~ tithecirculat Qrlof mm
@ its rapid and potentmmabofic action had been pxen, the possibfiiQ’ -t i:
mp?sented the prtiple form of thyroidhcmmne in thyzwtoxicpatients
by Ironypersons. Axnng other theoriesit was th2ughtthat thyroh
precusor of miiodo “
~tq$r’=s on 131=d ~&ti~~~desGM

-1

the -iargenumber
ly reflec&d hsic physio

di~ ~ “tdyafterthellI wag given andht~after hours and
p$sed neflectedthe radiationeffect. Triicdo Was foulxiintk

serum of mny of w mre thyrotoxicpatients. The ~tograms do=
early samplesof blocdoften showed tkt triiodothyronine,if present,a
ard in largerquantitiesthan thymh (especiallyin the nmst tic pa
observationterxldto discredit& possibility tit thyroxinewas the
trficdo~nine .

.-.\
‘l&m was h our seriesan occasional.patienttreatedwith 13~1 f~ I

caused by a toxicaderma. Sane patients in a euthyroidstatehave been t
1311 ad stixkied in the Sam detailed way. In both situations‘~iicdothyr
occasionallydetected,slmwingthat triiodothyroninewas not peculiarto G
disease.



.

Our eud.ated evidence has shown that miicdothymnine is mt the
irmdi.ation: first, -use it appearedvery early before appreciablemd
deliveredtothegland; ad second,becauseitdidnot increasefurtkr ui
bblt=s subsequentlygr%atlyoverskKkWd Wmfi-mktwh
radiationeffect should have &cam mre significant. Finally,it has bee
to relate the presenceof trticdothyronineto high degrees of clinical

T-uent ~~d :kmpeutic successof a single-Writ dose of 13 I

Xn omler to get a ketterperspectiveof the triiodothymninemet.abol
patients~ted with radioactive“

%~I=~=t~ ~ ‘t a
**

fate of triiodothymnine labeledwxth
‘~” ‘ L*-m made in patientswith Graves’diseasebeforeand after mmt Witi I,as=iL

asinnomlal individuals ThemkMS 3pecial intere’stintbse Wbwemm @nil
)mWn to prmduce appmcike levels of triiodothyronine.The fate of Wti J&&=
was observedin these tividuals by quantitativeserialchzmatograus on ~ of
semm d urine. In addition,the rdicactivity was masured over the liveras it
ammdated in this organ. Dmingtb firstWhnrrsfolbing tkadninis En=rta“ond
labeled triiodotllyrmb
uith Graves9 “

,Jmreof thenlaterialmmined in the circulationm->tiel=
~thankmrmal contils. Atthesam timuuremdioa Xx tity -

Graves’diSeSsethan inth3mnmls. Thisurinaxy imrea92
~g$ ~ ~l:q. ~ ●mcmased excretionin the patientsUi.-hQWeS’
diS88Se 0CCW2Wd r’egadlessof the nk2*3ic State-wktkr it be urrtmatedhyPE?E
tllym+disrnor hypotllymidisrllfollowingm-t . PWsWmemsovertheli ‘r- nevealed
a maxuml conmntrati minutesafter tk intravemus injectionof triic&t‘1
This was fo310w3dbyamsrkedfaU. In Gmvestdisease therewasasecoda ‘

tivityin thelivertut this did notlxcur inthemxlnalmn ‘:
ate of the triiodothymnb2 hl the peripheralti.ssU2s- m studied. I

levels inthesemrn of(%avest diseasermhesIhig&r
“ rmna3. irdividWs during t&first 81xxrs.seeaEd tocmflict with * ~

t m radi~ivi~ ~ in the urine as iodide. ‘Iteonly availabl
that * miicdo~ whichUas remvedfruntk “Circulationin Q@

ted nm rapidly tkn in #e mrmal subjects. It ms ~ lx
lasretained in largeramountsanifora longerbin *

tients with GmVes ‘ “disease than in rmmal subjects.(In other stdies q
tained in the liver ina fashionsimilarto triiodothyrmim. ) Although“
lightlyImre triia!oth~ ~ted throughm kidne~ in * severely1

“vidualthan in tk ~t-~~nt hypthyroi.dGrovesr disease,th diffe
ess impressivethan the differencebetweenall @ients with Gravestk c

. lheseobservaticms shedsom lightonthediff~ be~ pe@?“
mumal subjectswith respectto tiiicxb~ but did

tributeinformationto an understandingof any possiblerelationshipm
mtabolisznand the ~tion effecton tk h~ rung“o “

es, I.B., * tibyns, B.M.: The *tabolism of Triiodotiyraninein Graves’
. Clin. Endocrinol.& &~. 20: 68-80,January,1960.——
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T& Meammmt of DeoxyribonucleicAcid in Hvidual ThyroidCells %

Subjectedto 131I Radiation

A% this projecthas pmgmssed, emphasishas shifted my-y
purelyphysiologictmand the rmrphologicchangescaused ~
largebi~ nuclear forms originallyfoundti describedat the be~
this projecthave receivedincreasingattention. Since mdinary ~
suggesttk gmesenceof excessiveamunts of chromtin materialin the h
fores that m ptiUCed by ~ doses of 1311 plus thiouraCi.1Stinulat
~ a~te to ~ to ~~m~-=t of ~ atily an-
nuclei. ~ore, a histochmwd
these large nuclei of “

masuring &so-ucle
~ted thyroidswas dapted to this objective.

‘1’kmetkd of Pollistezzfor the quantitativemkmspectr @lotor@r
tof Feu@nstainw ithinanucleus wassetup inourl.abcmof wumuE!n

the suggestions@ advice of Dr. ~llister of ColunbiaUniversity. Sin
Feulgen stain cmbines with DNA in a quantitativefashion,~ arcmntof
containedwithin a nucleuscould be masumd w ~ of tl?ansmim
lighthavm a specificwave lengthat which therewas msximl absomtio

YulLths
1. >

F--
c-

m~
--s.-

n, it
h Slld
-in

Lad
LOr’y’’ytiditab .

—L far this
S-. ~t-~ids ~ used ~ these studies. Ths SW d- ad
out - highly controlledconditions. T& irradiatedti no “ ted.
which~tobecmpamd~ placed side bysideon~~ micmscopi s153e~
that bth tissueswre exposedto exactlythe sam steps of preparation

– +–

. .

circums~es. ~ts m tie under oil emersionmagnification. “& ~
useofacalilma ted diaphranit was possibleto masure the “ sion Ezzht
through a piug of nucletiswhich was idightlyless than the nuclear .

‘j

value for abscrhmce in the plug was tkn converteito * sphere,which
the voluueof the nucleus. T& man diamter of each nmleus was det “
directlnicrmeternks+asurements. IYiAw= mcoxded in arbitiargunits.
a mrmal resting nucleuswas determinedand s

.
againstrat li

valueapproximatelyequal to the diploidvalue in tk+ rat cell was obtai
masummmt on the liver.

When thiwracil which is a pmerfu.1stimulusto hyperplasiaaf the
given to an animl, the -ters of the nuclei of normal thyrmidcells :
The DNA also increasedTowazd values* representedm -s * dipl
which point the cell normallyis expectedto divide.

Rats ~ given 10, 30, or 100pc of radioiodineafter a t
deficiemy to inhancethe uptake of the 1311. Thereaftera diet &n-
auuuntof i- was rem. one ‘halfof each groupof animalswas then
in theirdrinking%ater. Sune of each gfoup of animls were sacrificedat
~ ~ at 26 WS~.

None of the doses of 1311 used in this seriesof experimentswas suf
great to cause titectural distortionof t?? thyroid. Hcuever,‘~ lag
were sufficientto interf~ with the expect~ increasein thyroidweight
usuallyproducedin normal.thyroidsby thiouracil. The lesser doses of =

--~Y
t ioses
ar is
a-tin



prcducedproportionatelyless ~nt to ~s =Paciw f~ g-~
(Anexampleof the effect on the glard*ight under the influenceof
is skwn frun previous~ts in Fi- ~“)

Even thoughtherewas no obviousevidenceof architecturaldama
thyroid,it was believedthat these @ads had sustainedsane intrins
~t-u=--m ~se in cell height. The histocl
showedtkt in the nonstimu.latednomrradiatedthymid the DNAofeac
quite uniformfran cell to cell. See Figure8A. The stinadusof thic
resultedin sum nucleicon- mm DN4 than the avemge resting
did the amunt exceed two times the diploidvalue. Sune of thesecel
to be pn+su?ingto divide. After 10 x of 1311 the DNA contentard r
~ slightlynure variation. Thevariatim in DNAammgindivichu
+- ~ a s~ deviationof the mean. Scm2 nucleiof racliat
containedfar more DNA than two times the diploidvalue, at which pcd
3kuld have divided. m adminislxwion of thian?acilto th? anirmls.
irradiatedglandscaused an” Variationinnuclear sizeand j
content. h effectsof 30 p of Iwaseven nr)restriMng. Tbe I
nwlei with excessiveDNA appearedeven wi~t h mqerinpsed stin
greatly-crated when * stimulusof thicuraX2“ was applied.

~ ~ts’ ‘?ZF - ~ ‘iti- -’ “a greatermnge of dosage of Iwsreused (0,5, 10,20 and40 x;
intervalsup to 1% years before sacrifice).After doses of as little
was littk if any evidenceof nuclearcknge; but when thioumcil W
the variationin DNA content in nucleiagainappeared. At lekls of
them was spontaneousvariation in DNA c9ntent. Examplesof occasia
containingmltiples of approximately4, 8, and 16 ~ the diplofi
wrefourd inscmeof these l.argeb~ nuclearforms. It w x
theseeqXKbmt sthattte cells hai~ capacityto~up DNAulM
for - reasoncell divisionwas thwerted.

This histochemkd mthd of IM?asuringDNA +1.nucleimay be *
vi==== w SOE wrke?s . Howeva, if the ~W=@=eis’
mntmlkd when ~ a.remadewith~ “ted animlsardt
masured in a plug of nwki that closelyappoa&d thsizeofm
metlxxikspxmmdin ourhands to bequite repmduciblearri Veryusd
the natureof tk large bizarre nuclearformstkt had previously*
- histolo@cd tedmiqles in “mmdiated thyroids. The resultx
expemmnts 03rrledout over a n* of yearswere publishedin ~

ibbyns,B.M., and Didtschenko,I.: NuclearChangesin Thymidal @il
Radiationfrom Radioiodin2. ~. Clin. Endocrinol.& Metab. 21: 69~——

The Large BizarreNuclear Forms in lbmanThyKwid Tissue andthe~
Ln Them

Ihmtime totimethere have been omortum “tiesto ~ bv:
samples of thyroidtissue
establishedthe method of

fmm patientsp&tiously tmat~ with 1311,
Feul.genstainingarrlqmtitative microspec
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culanimlthymidsin
Eessinfz the tissue-. .=. . . 1far pmcur” and

mid mat “a+
[previouslyumadiated with ~JAI)was to ~ available. khen an
tO obtain such tissue, plans wre m& so ti~dtit was m responsible
this project@w procuredthe tissue at the operatingtable. It uas plaa d in ftitive
in the opemting roan withoutdelay. The quantitativemasmmmt of DNA in hdividual
nwlei was mdert&m i.nhumn tissue aswehad done intk past ink -s. Overa
period of almat 10 years, thyroidtissueskm 12 1311 ~ted patientstem Obtaimd
for this Stldy. AU kid had Graves’ disease. In addition,themswane tizSy: ~
~ ~~s rbly subjectedto x-ra mdiation ml 2 contd.s (
W=mti adenum) ●

Y‘knoftb12131 patientswere subjectedto
Of ~SdS Which hld developedin m thyroid;~ patient-S cfXZXlted
persistenceof hyperth~idism d was receivingan antithymid
ti.ssuewasobtadned; intwoimtmcee tissuewssobtained duringpmllpt
exelniMtion. AU tissuesfrun the Varayroro Stomed in
paraffinblocks so that simul&neQus all tissw at
tl’msemti. The final steps inthepreparatioalandstsinhgoft%is Sue frus
*se irrdi.atedand mntml thyroidsm Conclded Sinultamously.

T1’Xlquantitative~ of DM4 in individual@ei using Feulg‘m Stammg
. .

~ ~--~ ~ ~~~+e
mclearvollmeins ane,lxltr’m au, of thelrradla
indicatedthattianmntof DNA tiSCMW3CellSUSS&!JWXl~k~ tiiSS

value. Thisisas uas-@servedinthe

pWiOtlSlybeeIlgiVenL3LI.~ in~ag~ .

‘-d
*resultsare ilrt

asatidupin INA, kt tbarted cell division. %e Figure 8B.

On review of altermte sectionsstaimd ~th~~~w
eosin mthcd, it wa9 fa.uxithat Scnmkt feWr of tkse
iztrrenuclear fonnsthmwasobsemed in ourb .
deSmhed sclrE?yearskfoLW. However, -- e~-four of 12
akdance oftkbi~mckar fasmsin~~. Omofth
obviouswasapatient whohadmt beeneuredof~ idisanbutwk
given propyltkiouracilbefore tk ~ of -is.s*=’a~ +
inafashion cunpamhle to our amklexperimms
mcharfo msdevelopedukn asimilar slinu.luswasappliecl. In this case
rntural Stkulus oftkdisease kuiobViOusly~istd attktimtheti
obtained. k the otk!r ~ follmring1311 tmatmnt, it is difficultto
whether agivenpatientis ina euthymid statebecause
Graves‘ .

thedrivingfom31
disease hasabated orwhetkr the forceisstill there,bltthethj

damaged tit hypmbymidism k rmt p3ssible.

Sirce the qportmi~ to biopsy irmdiated thyroidsarose as a zwsulI
masses insuchthyroids, tkre uasanopparmm .tyto@rr youtsinlilarmeZu
on cells w- ~ which M also been~ed. considerableval
fourdin LNAmntent aml nuclearvoluuk2inthesetumrs. Intk final anal
Wt entirelyclear which adelmkasamsefollAng 1311ti whichmpresu
de-ted at tk tk 1311~ given. It wuld be ~X’t~ly interesting

; Which tumrsarcls efromirradla. tti cells that kare a potentialfor b-
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bled mdlei m only o.1+%Iut WM such aninnlswere injectedwith TSH, t‘R imitie
rose to 78. Tlms, with this techniqueit was possibleto denonstiatethat a !I.1division
iXlthSUn~tdXrats ~mwatamte~st ~fastasin~ adult
animls wbse ~ids had been stimkted with TSH. Histologically, in the adult
*S, the #yrQids Were truly in a restingstate. After considerableexp rirentation
it was foumd that a mst des~le int~ of tk be~ the injection(f the
tritiatedtt@dine tithe sacrificeof the~s was4 hours. Therewas m Uptab
of ~ in cells which were resting. Eveninthis 4burintervaltheri !--
iM~S Of labeled-s of nu~ei 1- in jmpsitia with appKXimt~ “.yequal
almuntsof DNA in each. This gave a g~ idea of the nte at whichcell ~ivision
t0c3kplaceonce the preparationfcr &toses had begun. A nnnuscriptdescrib:llgtheee
observationshas been pm- but not published.

w, B.M., and Sanders,M.A.: ACunparison of the Effectof TSH onthelt ,toticActivity
In the Thyroidsof Yo+mg Grwing Rats ard Adult Rats using TritiatedThJmidi,e.(~
not ptlbUshed; Iat- manuscriptsincorporatedthe techniqueand laterfi.mtbgs
- -)=

went *

Rat ~ids -e hyperplastic by an i- deficientdiet display!m.nynuclei
containingtitri”ted~

R?

-3

. When in a state of iaiinedeficiency s of
o, 5, ar sopof I ~ giVexl to ~lJpS of rats b

P*
s of

radiationdamsge. Tken@ bum after giving 5 NC of 1 I (a: ‘==37%; 2 0 day
half-life;2640 Rads), the number of labelednucleiwere rmticeablyreduced. At this
earlybur the @mids of “
bbelimg of nuclei, ~ w

given 50p shti an almst cmplets e of

9
that the ~S of titoa+s had.been int ---=

days afterthese d~~s ~f 131 , the administrationof causedu
inlabdinginnonnm&a ted cmntrolsan5 sam&atless la@ling in the Syc “ s, ht
* 50 w ~s had not recoveredthe abilityfor labeling. Recoveryfrun “
hpairmnt tomitosisasslxldied @thelabeled th@diIle has been of “ intmst.

Mter mm lengthy periods of ~ followingradiation, saneof * animals
fran each group were given thiouracilfor 9 to U days and tiitiated~ e~hmrs
befcmesacrifice. m results after variousamunts of radiationand vario -periods
ofrecov~are shown in Figurg 9. At 2 mn~ follcwingthe 5 PC dose of ‘I there
as an excessivenumber of labelednucleiwhen thioumcil.was given. The M * of
I.abeldnwlei was considmably greatezzthn tit which was producedin a mr irradiated
mimd. This se- to be relatedto the previousobservationthat grossh~ -W
of the gland could still be prcducedby thiouraciladministrationquitesome timeafter
mdiation has been delivered. At this 2 rrrmthintervalin this particularseries the
5~aninds showed amde.mte imrease in tiymid weight suggestingthat ceil1 divisifn
ti actuallytaken place. The 50PC animalson the other H slmed essentiill

~PhY of the gland. Still later in ~ pst radiationperiod the capac;tyyf:
xcessive labelingcould not be pxmducedin the 5 PC group of animals. At s *,
thesethyroidsdid not increasea reciablyin weight. Even after a longerK3cov

’11 the extremede-es of labelingcould r~t kw.-cd (M nmnths) fo~owing the
@cd with thi~Cfi in the 5 PC dJTk3k. TkSf2 observationsare illusti3ted in
~m 9“

It was of specialinterestto fird that the large bizarrenuclearforms “ h

1

lppearedwhen thiouracilwas given to &se irradiatedanimalswere the nucl “ that
seemedto have a specialpz@ilection for the th*. Nucleiof cellsw - h are
?reparingto divide usually beccmeenlarged,but here the abrmmally largen lei~
{hichpmsumbly have not divided,were makingnmre DNA.



In this seriesof irradiated?*1s, one lobeof each thyroidwas put
ixativeso that the quantitativehistochenu“cd (Feulgenstaining)meamrem
= total~unt of ~ on individw nuclei couldbe made,as done in earlic
qiments ● Sincecells normallydividewhen the DNA of the nucleusmask
= diploidvalue,tk f- of considerablynmre than this anmmt of DNA
btcchemi~ m?tbd) in the large bizarrenuclearforms mde the thymidine
lthe same”anlmls of great value.

Camqd s
of

tm tixEs
sing the
servatifms

A ccanpletesmwey we mde of a large~ of nuclei h a miascopic lideby.a~ ti classifyingall nuclei by size - determinhg

+

tie distribute of the
M. This ~ that the ab~ly large ntiear forms containedthe 1 ~
~ten@ were thus ~paring for mitosismre frequently~ olkr cells.

*“
The parallelh.istochemical data using -the Feulgenstain and micrcqec hotanetry

ltMsesame ti..ssues~ thatthicumcil causeda~ked increasein DNA my
~leiaswellas~ in the nuclearsize. When this stimuluswas
wiously irradiatedglands,there was an increasein tlE variabili~ of DNAd
lc!learvolumeof * glands. The ~ter variabil.i~was at&ibutable to
~e of the musually large nucleiwhich in the parallelobservations
j have a pmdispsition to take up the tiymidine. The follmzhg publicati
xfnarizesthis wink:

>byns,B.M., RMd, Ann E., and Sarders,Mary A.:

?

Descxgmbonucleic Acid (D ) syn~
I the RadiatedarxiStimulatedThyroidGlard, hdocrimlogy 81: 1-13, 1967.—

nrdies of ChxnmscmES in CirculatingLeukocytesin Man FollowingLargeDo & 1311

I
When the tedmiqpe for clearlyvisual&@

+’

Chrcmsmes inhumlnoells culturing
imulating leubcytes began to be developedin thiscountry,Dr. Neil Macin Of this
fivemi~ very earlyacquizedthis techniquein his laboratory. We solicit his
>U.abomtion in the study of a patientwith fumtioning metastatic “ of the
~yroidwhan w lnd &eated witi large &ses of 1311 ~ ~ ,befme and p to
-t again with very large doses.

fi*@thePa~~thadbeen known tousfmalcmgtimeard ~previa =ly hem
Lvenlargedoses of Ibyus, shehadhadnonetiti pre-SiXyeal?S. Fo~
&se of 167 mill.icuries,blood was obtzinedfcm cell culturesand chrcmmsa= =*
t V- frequentintervalsdur“

%- first 24-
s .3rdless frequentlyther #t

+ days. The ~tration of 1 I in the bled, the leukocytecount ad - diff~
mnt were determinedat the s.aE time. S- of chrmmsms firm mltiple cultures
xl frcm many differentindividualscells in thosecultureswere pxepred ffa leach
uqle of blood. An attachedtable (Figure10) .slxwshow the incidenceof @
xmalies clin&d to as high as 44% betwen 6 and 12 haxrs after the dose of -
iven. Easedon a very extensiveexperienceof observationson 2,885no -nlrraiated
>ntrolculturesthem was an anomly rate amng cells &cm normal imiividualsof 4.5%.
= chromosanalaberrationswere similarto tlmsedescribedby sane otkr W. m using
x sam techniqueon patientswlm had been exposedto other types of radiati~m. As time
wsed, followingthe administrationof 1311, the tioactivity in the c.l?Xu3Ationfd.1
~ly kecausetherewas very little thyroxineor other iodinatd amirm acid:iformedirl
tis individualwho H very little functioningthyroidtissue. The Chrormsaa amxmlies



observed in this patientimluded not only serious&viation frun the ~ - number of
C!hrclmsolnesht ~ breaks,deleticns and _tations (seeattachedF- ~) “
Occasionallydicenmic foreswere observed d severalexamplesof 4n nucl
reduplicationof chramm sets, but Witlxnltthe mt n- of 92. The
were peswmbly similarto tbse seen in the thyroidswhichbuilt up exce
but failed to dividefcdlowing1311. ‘I?Eseobservations~ the first n

:?&y3 ‘n ~- ~
“es in circuh ting leukocytesof patients-t d with

%cintyre, M. N., W Dobyns, B.M.:

-+

AnmEllies in ClmXoscmlesof the c“ “
Leukcqtes in Man FollowingLarge Doses of RadioactiveIodine. ~. Clin.
~e@. 22:

til. &
1171-1.181,1962.——

Oneofti mstiqortantpartsof tisechmmsaE observationswas

+

fact that
m 18% incidenceof ~eswasfoundinlh cimxllating bukocytes of “ patientfs
bloodbefore the large &eatmnt dose of 1311 was giva. Presumablythis ●Y
highrate of anomaliesbefore titrea~ wasattributabletothepxwi “on
fifect, which M occurredsti-p W Xare before. This Hence far
the 4.5% mxlmdd chmmsom counts observed in ~S in this hbOML~. ~,
the structural anomke“sobservsd intMs patient are ~y-iIiCOTi lbloods.

Fortunately,the Udl.ld.nmmxuus

{-

Stldies perfarmed under this Contrzt been
-ed at on this patient when we had given previouslmeatmnt doses. It
>bservedthen tkt very significantsuppressionof circulatinglymphocytes occumed
titheach of the pZWiOUS trealmmt doses 6 y?- ad more before. Repeated~
d other bicchemi~ studies of ~ blood folluwingtheseearlier&eaisn?ntti~= ~
~ @rked rise in nmno- @ diiodotyrasti and a decli.min the butanole ctable
tioactivi~ in h circulation. TheSeare all featureswhichwe kldccxre believe
we evidencesof radiationeffect. The value of very long t- detailed arrithe
uivantageof being “tooledup” fw such studieswhen the opportunityarises ~
Uus&ated in this case.

The fact that a considerablepopulationof cellswith abnormalnumbers ~
lpparentl.ypwsisted in this
&ore tk presentdose of 13?~~~m seems

‘1

atleast 6years, asshumin theb drown. .
t. Ifcel.lli.msst “ fruxl

amatic cells which bear sfi ancmalL“es A remain viable,the sam3might be of
lmilarly affectedreproductivecells in the gonais. Ifsucha largenumber fchmxmsad
knges are demonstrablein tissuessuch as blood which does not specific-allco~ti
311, then significantalterationsin other similarnonthymidal cells such the
eprcductivecells stiuldbe consideredeven with much smiler doses of 1311 It is
ossi.blethat the less devastatingdoses of 1311 may be mm importantbeta smaller
oses may not be lethalalthough
he cells.

~~Ps ~ =ious ffcm the stadpoint Of
The totaldosageof 1 11 given this ~tient was far greaterthan t ‘&y

sed in the therapyof Graves’disease.

In view of the @ve observationsit seaned appropriate d similarob~
51

atims
hould be tie on patientswho were receivingmodest doses of 3 I for hyperty midisln,
.e. 5 to 15 millicuriesrather than 167 as in the akovedescribedpatient. Iavid ‘
atcher,a Ph.D. studentwith Dr. Macintyre,continuedthis proj~t to deternm whether
here is a significantincreaseb enomalies in patientswe selectedfor - ment of
raves’diseasewith 1311. Our patients selectedwere studiedin great detai.as



reviously descrikedand the blocdsfor leukocyteculturess furnishd to DaSdd
atcher. Of 20 patients studiedby ti serial sample tdmiqu, the inciden:eof

ancmaM3s isequitiinthoss patientsuptolomillicQ &se
ncmase is at the limit of signifiauw2ein * ckxe range abve 10 miti T“ It
lmuldbe pointed out that these studieswere based cm a large seriesof b~oxl samples
n each given patientrat&r than a “before”and “after” sampleas has been
y others. Mr. SatChar is curxwntlyppu?ing his obsemations for pub-t m.

tudies of %wci&se inl”hymidand other’rissue
I

Several years ago a study of peroxidaseactivity in tlgmoidtissuewas

r

nderthis gmntwith theidaa that itmight pzwetobeamtkr way toexp
adiation effect. Becauseatthattime -uaspresunptive widencetbat ~
aspsent inthymid tissueit wastbught thatthisplayed~ partin
Onversionoficdideti iodineamltheiodinaticm of organiccap3umlswi ~
hymid. &servations ~lY de~ * ~ ~~.. tcmeofth
arly rnnifes-tatiansof mdiation effectwas a failureof the 7rapping

.
&scmbed by Neufeld etal. to masum pmxidas ?M‘ti-ionof 4 le~ dye in m—~ Oflydmgenpe mdcke.

k reaction mixture ‘f -a P’?’-%g7&v-’- ~fer ~ - d .*
olutionwasusedasa~tmte nnxtum doussanpesofl%%mg Z’uzed
issues m immxked mmteofthe reactionwiti the mlXtum was& :

.
~w

-~~c -Q q a ~ oflight witha wave lengthof 64;Upl. WdiXlgs
ennmed at 5 ~ intervalsafter the additionof * ~Wte. ca@lasle

ctititywasinhibited byadding 2-4 “&ddom@ml. Alargevari~ of rat tissues
erestudied indditiontoth thyroid. ‘I’&rewssawiderenge ofpezmdda laacli.~
Oulldin these “tissues. Asenticipated, theslnaUintedm sb#sd the
fpem&ase actitity. Tbetlymid wasabou:eqlivalti ~the lung.
ctivigin the~idsofm any diffemntanlmls was studledbyti
as a cons”zdemhle variationinthepemxidase activi~in thyroidsaxmng
pecies. Since itwassuspected that the variationmi@tbemlated tithe ~~ of
dM1.arity in * thyroid,microscopicsections of themlissues (fkmlw Ilch
cmgenates weremde)~pxmjected Onlarge pieces ofpapertitmcings b Of the
ells, mlloid a connedive~. Theareas werecut out and weighedto &temined
he percentageof cells, c9nnectI“Vetisu eandcdloidmdd.ng Up the tissue. It M
urprisingmfiXxitlntal@3u@l theratio oftbevolm of cells tothsvol me of Col.loid
as very differentamng differentspeciesthem uas m - relationshipbe X#eeXl&
eU contentof the tissue ad * pexcxidaseactivityamng * species.

The quetion arwse uhether the oxi&tive reactim being masured

-F

bythe~dye
asactually rel.atd tithe pmducticxlOf thyroidlmrnKmearKlwhXherti
ctivi~ might be * the influenceof TSH. Accmdingly, TSH w test~ in Vivo
t-Klin vim. Itwassurprising tsfi.ndthat them wasno@yificant Mf ‘—
e~~itive activityof thyroidspreviously - tedwithm - Uhich
m Unstialllated. Tlweffectofmonthethyroiduas Confimedbyti serm30f
m~~ ~ated in micxwcopic sectionsof the tissue used.

In other studies * relationshipof the pemtidase activi~ as

1

by the
euco dye nethcd to the icdinationof organic~tances in physiological ems was
tudied. Thebasisforti~ti- tiiodina~of~fi. A=.

%-l



Ktumwas usA
Wose , gkose
- ma

containingtyrosirte,carri-free rdicactive (1311)pota
o- - phosphatebuffer. It was observed that crude
~ _ b- of 14% of tk carrier-free1311 ad,—

stem. In conbast, purifiedmitockxxlrialpreparationsof solubleenzyn
Sonifi-tion of mitocbndria) caused organicbirding of 36.7% of the av~

The icdinatirlgpropertiesof a varie~ of homogenatesad solublemiti
- ~tins h differenttissueswere then studied. Only very a
-sine Wme idinated by mitochordrialpreparationsfrom the smallin
leen,lx.ltbxngenates as Wll as solublemitochomlrial pmepmltions frcm
relayeda surprisingcapaci@ to ialinate~sine. The _ising obse
en repeatedin 4 separateexperiments. Chrcmtography Rvwed that san
@tion pmcked by preparations* thyroidtissue appeared to be kou
uetotymsine. Itisastithatthe~ti had been~uced asi
Oteintha

IF
been freed ~ sonification. hn ~ was added to t

%ofth 31wasbourd toitwhile~y 5.4%was bcxnxlto~ le pm
mdne was ad&d to b preparation48% of tb 1311 ~ ~ti to protein
.ttermsoftk reaction -mixture sampledafter the incubationM takenpll
Iattheradioactivi~ ~ prim3rilyin the positionof albunnn“ if~in
ded kt in & positionof ganmn gloculiniftymsineh adnotbeen added

Finallysome experimentswere performd to couparethe mdioiodine me
uco dye rnettd for assa@ng pemxidase . Spleen and srxdl intestim iodi
Al anmuntsof @rQsine but very effectivelyoxidizedthe leuco dye. Th
mgshowed slmngpmxidas e activi~ by the leuco dye mm and caused
msine as w. Ths, it appearedtit the peroxidaseactivi~ masured
e mtlxd was mt necessarilyidenticalwith the pmxicke activi~ resp
Klinationof lymsine ● The wrk on the leucodye mtkd of assay for pr
lyroidtissuehas not been published. ‘I&assay metiodbased ontheicxli
minewasamtbd which was describedbeforethis Pha.seofthewrkw
:was lmped that the methods wuld be usefulin radiationstudiestnt ks
) used, @marily because the interrelationshipsof reactions
tition of proteinarrl~si.ne are not~understock.

-my RadiationEffecton the Thyroid

Amt?x2rpart of the study of the effectof irradiationon

being obser

the thyraid
~ for thyroidmsses in 200 patientspreviouslygiven x-my t&rapy
x’tuberculousCervti lymDh&nitis . All of these irriividullsM been
= tukrculosis clinicof-%s hospitalbefcfre1950 by the same mdiologj
=Se ixxiividualswere childrenor young adultswhen -ted. All recoti
munt and fieldsof radiationwere available. A total of 67 patientsha%
dcalled back for examinationof the thyroidby us. lkelve of thesew
~vediscretethyroidmsses. Nine of thesediscretethyroidmasses have
:th* followingfindings:

3 ~
1 Hurthlecell tumr with capsularinvasion
1 Hurthlecell.tumr classtiiedas benign
4 with folJ.icularadencmla.s
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Of 60 known to have died, the post-mrtm ~tion was availableon +6. Tw
hyroid neoplasm were described;~ OE WE a carcincma,the other ws an ade~. It
as been noted thatrmst of th patientson whom post-mortem examirntionsW X
erforsneddied within 5 years of the radiationtherapy--arelativelylimitedinterval
n which to developtumrs.

Tvm patientswho have very discretemsses continueto refuse explo~t - n. One
)fthese who was recentlyseen and reluctantlysu.hnittedto

4

examinationhas eveloped
xmsistent hoarsenessand the mass ks increasedin size stingly suggest” a malignant
.esion.

This occurrenceof 5 histologicallyidentified

+

~cmas of the thyro” seems
@#Q! si@.fi~t h this -l selated .gmuPof patientsexposed to amalnts
jfradiation. A manuscripthas been preparedfw publication,but it has been
xdxnittedfor publimtion bcause W have thoughtit preferableto await a _yt:
n - patientsbeing fol.lcuedwith suspiciouslesionsbut as yet unwilling
fiyroidectany.

kLifeof the Nmnal Thyroid Cell and Its Wtential for Replicationas Ccmparedto
h RadiatedThyroidcell:

The long tan fo~ow-up of patients treatedwith 1311 is showingthat
]fpatientsif followedlong emugh will ultimatelysufferfrom
-em. Our figuresshcm an imidence of only 12% hypothyreidisQat the exl of one
rear,but 4s - 50% if patientsare observedfor fifteenyears. Unfortunate ,the
)roblemof hypothyroidism,if it does mt occur pzuqtly, q=s = long&;

:&

xea-t tit the patienthas forgtien that he received13 I or k becanE *-areless
hut takingprwphy~ic supplementalhzmmne earlierard found that he dic not need
it. Since the patienthas f~otten, subseqwt physiciansare not alerted to the
nssibility of hypothyroidism,a diagnosisthat is clifficultto make if thexe is no
titory to suggestits origin. As a nsult of vigorousfollow-upefforts@ a few
aedicalcenters-iSing n- of patientswith ~gnized qlxeckm k ve turnedup.
b synptansare at@ibuted to, or confusedwith, senilityd consideredtc be -ture
%-“ It may be that the life spn of the “ideally-irradiated”cells in & ffuse
Iyperplasiicthyroidin mn is not greatlydifferent.* the rmn-ixmch.aec“t cells, the
mly differencebeinga failureof repli~tion in the radiatedcell.

+-

In order to learn mm abut t!!elong, latentthyroidfailureafter 13 , it is
lecessaryfirst to learn lmre abcxlt* survivaland replacelnsntof Xlan’al yroid cells.
Initialstudieswere made in young, middle-agedad old rats quite some ago in our
tiatory, using &itiated thynidim and radioautographyto identifj?the c s that
m undergoingmitosis. htheyoungm rat, the cccumence of lab
fairlyfi’equent. The incidencedeclinedwith age until, in the rats that 2+ to
3 years of age, only rare nucleiwere found to containthe labeledthpidin . This pilot
3xperimentillustratedthe ~ replicationrate at cliffere.ntpoints in life spn.

Our first exper~tal steps to try to detemin

!

e the life histury @ te of
:splacementof the nmmal thyroidcells were observationson the labelingo thyroid
mclei with @itiated thymidine. The objectiveswere to determinehow rapi ythe
LalMing takesplace,the durationof tk stageof DNA duplicationin pre tion for
fivisionand the durationof the total pariodrequiredfor mitosis to bec ccmplete.



xthasbee.n ourrotrtk~ to sacrifice animals four’hours after
of fritiated thymidh. Pilotexperimentshad * that the I.abeiing
mtisfactory in four M. At this inte.n?alof time occasionallabel
Cells - fousr.1_ that divisionof the cell (withlabelingin bo
G3ken place. It was kmmn tit tlw availabilityof lal@ed thynidineaftm injecti=
into the circulationwas very short,owing to th rapid disappearanceby ~atial
or uptake by nuclei in the processof DNA synthesis. Sinceonly thosece.l.suhichar.r
in th stage of ~ duplimti6n at the tim the thymidineis aVtidble wi J. be H=
*se nuclei are identifiable.

Several seriesof young,identical~“ng rats were injectedwith t ‘i-ted
W* ~~ umificed at 15, 30, and 45 minutesard 1, 2, 3, 4, 6
20 h 2Q hours. Three rats wre sacrificedat each tim interval. The
labeled nucleiwas detexmimd by counting the numberof labelednucl
Ot high pxer fields in microscopicsectionsof tionn thickness.
Ce“Ls amng this large population of unlabeledcells wre also recaded.

Within 30 minutesfolkxing the injection of tritiatedthpidine,
calls ~ found to containthe tritiumlabel. Theremsa
*_ of these tiled nuclei. This ~ a plateau
to determine the dumationof availableWi’hted thynridine
animls ~ sacrificed~ ~~s~ the ~=tivity ~ ~ p~ -~

--

In*tofind althow RIuchof thexsdioactivitvhad been reducd ~Q 7ri6atect
kater in the plasm, sanples~ evaporatedto dryne& and counted. Th ~ :Vi=
intksolid fractionof theplasna was fcxmdto heonlyabout 15% of the
ti=ti.~ity within 2 ?xmrs. Agreatdeal oftimewasti &votedfma @slgto
identify- quantitateby chmnatography the &itia labeledorganicXEteXl%ic X
a3wellasthetl@dine n=~ in Iihebloodin_ to betteraSSeSS
availabilityof the thymi&ne after an hour or nmw. Theseattemptswere
becmse O* hai Shu9inrapidd.isappearanzeof availablematerialard the
intheseexpwbmt Swere not ptwnmunt to our objectives.

Amntinuingriseintk occumeme of l.akelednucleifor as long as
f- of rapid disappearanceof tritiatedthydine fimm the circulationwa
_sing nmber of labelednuclei up to 10 hmrs was very clearlydmns
ttm ccxqlete seriesof animalexperiments. Pairsof labelednuclei~ f,
with ~ ‘tyat4hours, althoughsane very lightlylabeled@rsofnuc

~t earlier. It as ass- tit the lightlylabeledpair f
been inthss+very latsstageof DNA synthesisand~ore hadanopprtun
upwrylittle of thethpidim before N synthesisterminatedand actual
ti cell tcok place. The occurrenceof hbeled pairs increasedwith tine i
a plateau at about 10 *. Sincea thin microscopicsectionrepreserrtsi
tissw littlewider than a cell, a pair of lakled nucleiwcad.dbe dams a
the cuts in the tissuekppened to pass throughkath of the daughternucle:
~ tit ~ cuttingmuld Ofly ~V- an Oo=asicmllpair-the
cut mrrespded with the plain of the @r. It seems likelythat the conl
~ of labeledcells,well beyond the time when a?itiatedthynidinew
inthecircula tion, can be explaimd on & centW divisionof cells anc
cuts that might catch one or the other or both of a pair.



increasing OcCUrrence of labelednuclei in these yulnggrcwingraedidmt
pzmgressbeyond 10 lmurs and thereafterdeclinedprogressivelyat 14, 1[,2Cld X
hours reachinga level of only 1/3 of the maximallevel. ThiS declineift=. 10 *
was observed in both seriesof animals. The explarntionfor this is m 1 clmr. it
might be assured tit once the DNA of a nucleusis clearly labeledwith suf-ficient
isotopeand the tw prducts of mitosisare readily identifiable,labeled~wxil.c
not disappearfrcm a gland. Des@uction of that cell by radiationb the @i”tim c
not seem plausiblein this intervalof time.

These experimentshave furnishedconsiderablekfonnation on theus= G= m:tiab=
thymidinein studyingcell divisionin the thyroid. They have yieldedaraqgh
approximationof the tin requiredfor mitosisto - place in the thy 3id. Theyk
clarifiedson ~ties ad broadenedour ~tive of ~ fi *i@
for studyingthe capacityfor mitosisin the thyroid. Togetherwith e. i~- ~
they kve furnishedsane appreciationof the enonmus =Pacity for cti Uar mpiioati
in ~ young vs the old, but they have mt yet furnishedus with mxh Wormaticn on
the life of the thyroidcell. The experimentshave introducedmme ques:ioms #an tt
have solvedbut rmnh of what has been 1~ car.be appliedto the ti 1of *
imadiated thyroidcell.

OBSERVATIONSON THE DEVELL)= OF THYROIDNODULES IN FQHJL4TIONS
TO RADIOIODINEFALLCW AS THEY RELATE TO STUDES UNDERTHE CtX1’.ACl?

The Marshall.eseStudy

b F~ and - of 1969, the responsfi~ ~estigat~ spentf:.ve~ Li
the MarshallIslamLsparticipatingin the annual review of thyoids of fle WrsMJes
exposedto the fallout,particularlythe radioiodines,fromtk!themmllal -devise
detonatedon Bikini in Mamh, 1954. The ncxNarity in the thyroidsms :‘k ~
nine years after exposureamng thesepeople. By 1967 fourteenof sixty-ei.g%of-
mst heavilyexposedhad developednoduleswhich wexe of sufficient- m =ZlsqUim
exploration. One carcimmh adbeenfound. Asaresult of~ survey= rly in 2969,
five nrre i.miividualsin this populationwere feud to have developedtlqm i15mass=s
which w felt ebuld be explored. Four were from the nmre heatiy
Rongelapatoll, i.e. seve.mlhu.dmd to fourteenImm3zed rads estimated
mid; @ O= on Utw atollwho had prubablYreceived 30 rad.s. w
back to the U.S. for specialstudyat Bmokhaven National _atory.
interest in and laboratorystudiesof radiatedthyroids,the patients

3

-t -
institution in September,1969 for surgicalexploration. Three of thef *=
have lesionsof the thyroidwhichwere mlignant (~ Rongelap;one - “
thesehad extensiveregionalrmXastases. A fourthpatient ~sse~
one of which was very small and has promptedsericusconsiderationthat
also be mlignant. Autoradio~hs were ~diately prepared. ~ . .
of observationscommrrlymade on tissuesfrun our animals (mt 3H
thesethyruidshad mny minute solidcel.ldarhyperplasticlesions,~
up signifimnt amunts of radioiodine. Many of the lesions~ papillar
~ suggestedpapillarylesionsof nulticenmic origin. All of these thy
the mmm frwn Utirik) showedmany examplesof the large bizarrenu

%1observedunder this mntract in d’tis axr.1h~ that had received
said later of study of these tissuesumld the subj~t of identificaticm
changesin thyroidtissueproducedby —J. .
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did rot participate in the 1971 survey,but it was reportedtkt this pmh
~tory nodule for it hd shrunkenm thyroidsupplement.

CM, R.A., Sutow, W.W., Colcock, B.P., Dobyns,B.M., I!qx@a, D.E. ~
as a late effect of exposuxw to fallout. In E&diation-hduced Cancer , P.
I.A.E.A., Vienna, 1969.

Conaz?d,RobertA., Dobyns, B.M., Sutow,W.W., ThyraidNeoplasiaas a Late
Acute Exposure. , 214: No. 2 316-224,Octok 12, 1970.

Conard,RobertA., Sutow,Wataru W., Ektemn, John L., Dobyns, B.M., ~01
Demise, Charles F., Medical Surveyof the Peopleof Rongelapand Utiri.k1
Y- After Exposureto FalloutRadiation.BrcokhavenNationalhhoratory
(T-562) Upton, New York.

The Utah-NevadaStudy

The @ncipal investigatorhas also @cipated in the annualexamin
childrenin tk U~-Nevada falloutarea (exposedin 1954)where S- ede
is present. Aweeklns beenspent intlis area eachofthe pastsixye~
annual thyroidexaminatiorsof childrenthat had been scre~fmn avery
-bon in the falloutarea by a ‘UnitedStatesPublicHealth Servicesc

~ities which pmnpted concernM2.X3Sreferredto a panel of t
which the writer has been o=. Those patientswith thyroidsjudgedto cor
masses have been sent to the Universityof Utah MedicalCenter in Salt N
study. In .samsinstances,the masses have been remved. TlM2application
criteriaof judgrentof radiationeffect in thyroidsexcisedfsmm this pq
mealedonly anoeasional thyroidtissuewhich ~hintsof aradiati
Reportsare in preparationby Dr. I&win &Ilison. An@3erhas beenpubl.i
Dr. ~ Weiss et al: ‘lhyxmidMdulari~ in southwesternuteh SdXlol(3
to Fall-OutRadiatim, Am. Jour. W. Health,61: 241-249,Fehruarv.1971.

THE FQSSIBILZTYOF SFO171ANEWSGOITER~~IIWIWTHE OFFSFKDX
OF A FREVIOUS3.XRADIATED A

During the course of participatingin ttE annualsurveyof the Mars&l
wlm ~ accickmtallyradiatedwith rdioiodine h tb first ~clea
tk Pacific,tk principalinvestigate of this contracthad an ~w

It is M known that the exposedpeoplehave develo~ mny
their thyrods, s- of which have been mali~t. In ~ course of these(
both exposedad unexpsed people were studied. On the islardof Rmgelap,
-ion = gained that young adults (whowre born aft= the fa13.Outha
dIS@yed mderate degrees of Iqpr&ophy of thti thyreids. This was a n
observationbecausethis populationhad livedwithin a few feet of tk ~ ,
livesad for pruteindepeded heavilyon fish which providesan aburdame i
Nodulesof the thyraidin the Marshallesepopulationam almost unhe of ,
are consideredto be scarcelypalpableat any age. T& quesiicnwas reised
expsure of adultsmight effect their thyroidfunctionin such a way as to
in their offspring. If * was a subtlesecondaryeffecton the offs@n
at adoles~e.

Altkugh the number of people in the exposedpopulationwas very small
numberof chikhn of the expclsed-s insufficientto draw any firm Corlclus
appearedthat childrenborn of exposedpopulation(afterthe exposure)had
than did the childrenof the unexposed. If this was a valid observatim th
was proposedthat if the people sustainedsome thyroiddamage (ithas been
did) than any fetuswhose gestationtcok place in the environmentof the rro r‘s

+

thyroiddeficiencymight sustainsane lastingeffecton its thyroidfuncucm ~
rds~thatkwasatwo fold increasein spontaneousabortiuns *3X)*

“ tk first sevemalyears after radiationexposure,adding further support -
_._. -l-A...—
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h=@2d by tkse obsermtions, an animalexperiment- rats ~ Cesigmxlto
test this hypthesis.. - four fende Sprague-lkwleyI&ts were divid~ into five
EXWs arxigivenRmmgton Diet for time days to enhancethe uptakeof ‘1. 3s.sed
on pwi~ rat experhmts, varyingdegreesof thyroiddamage were -c *by
giving thee groupsof nts O, 10, 20, 50 and 100 uc of radioiodineW m % yy
injection. ‘k thyroidsof ties animls were subjectedto in vivo cauntilg
hours in tier to determinetk dose of nsdiationdeliveredto tlw thyroid● Fi~ weks
were allowed to pass at which time all radioiodinedisappearedfmm the
rats were then bred, ad seprately qed. ‘I’&numberof offspringb
and the idiVidUd.1 body Wd@tS Of the indiVid@S in edCh ~tt~ ~
the offspringreackl appmximstely 100 days of age, they ~ given a ~ x W of
1311 and 24 lmure later- HtiiCed. An effort was mda to )dl ~ ~,* of
animls at the sam time so tht any variationsin the type of obsezwmio Kuldke
kept to a minimum Thyroidswm3 mtiaitously dissectedout, we” m Ro-

WJsmititorsion balanceandthn relatedtothebodywight. The Iup in-
gld was masured. Theoriginal femslemtswerembmd followingth ewe* of
each litter●

Allheeding animls~pexmitted tosurvive for14mnthsard

F

5 litters.
At the COIIChSiOn of & ~t> * ~ f-s W= given a d- of
1311 along with a smll anmnt of &itiated thymidinebefore they were “ iasd. ‘Ih3
thyroidswme dissectedand ~.

Whenadeskuctz “ve dose of 1311 is given,thyroidftion usually.
C@endmg onthesize of the &se. It is as- ~ore t a

functionh’ thesemtkr rats was better in tlmse* receivedthe sma31er doses a
that fumtion sbuld be better duringthe earliermatings. This appears b Ibeam
herealtkugh thenumbers of animals htheaqhnmmare small. At- x)m~
of * experiments,* thyroidsof * “anlmd.swhich receivedthe

9, ,
est doses of 1=1

were entirelyreplacedby white sar tissue. Tkre -s practicallym 31’‘w~fi

theseanimalsexcept in tlmee that wexe foundon grossdissectionto We ~.smll
survivingmdule of thyroidtissue in the area that had been the center of the isthuus.
‘hese 3 “arumalswerethe only ones oftlmse int& higher dose range that< aEeived
beyod the firstor s
the CXiw dose of

~d litter. T&Se “anmnalsW actuallyreceived 19 to28mof
Iinlhil?glards. Animalswhich retained 7 to 15 Uc s~ly

had only w inceptions beyond the secondbreeding. Aniunls which reeeivtd 2. to
2.8 uc and 3.3 to 5.4 uc for tk mxt part W rather full littersthraugh the~
mating,but thereafterconceivedpoorly.

,
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t.b thyroid, ttwi avemge thyroidwdghts of
might of th offspringby littersis *

Riscundmed thatardxmsbornof mxherswithsCmet@3iddamq
display thyroid~ at 100 days of life,which is ccmpmsble to z
in m.

At the presenttim, t!KJau~ phs and histologicinterpretati
thyroidsof the nmtbr rats hwe mt been evabted sincetby _ in

Since thsti$nethatth?!questionwas raisedcom?dng the si@fh
adolescentgoiter in * childrenof radiated~se people,a furtl
surveymade on LikispAtoll (mmte to * area of fallmt) has mmaled
adolescentgoitersin nativeMsrshaUese, This excludesa few other goil
inhdividuals whohavekorlmm Europeanorigin.

Allduring tklifeof thismnlmact, * principalinvestigatoram
havebeen~ Witithe rmrphologicchangesmtm producedin*
by XvKiioiodim. h &vastating effectof a largedose of ruiioiodine*
lossofthymid epitblimand~ by Conmctive tissue iswl

~Oftbthymid Of Qwves’disease issubj~ed tordioic
thehyperplastic p-of “~ ~j~ into thyroidfollicles

hs mot&r
ntk

&not
1Iesceme

I of
--”

8 of
‘ recent
few mild
g~

+“
..

.-m=-’
a mm simple foliicular pic-luie.Wth a--e dose of &diation, * f
cbmrted andthegeneral amhitectuml
.

patternof m *id is markedly t--:=
tb extent tbt ~ my be mly scxttteredsurvivingepithelitxacells in.

. These changesare
%

known antdeasily “
=Wsmllerdosesof

,IxXtthenmre
11 are clifficult ti~~ with ~.

varicus mrkersheve &scribed a variety of changes that imlicate

~

effect. Intryirlgtoi&ntify these subtle C&nges, wehwemressedthe
ofthlargebhrre ~fomscOn&”” lgexcessiveauuuntsofdlmm “
Workers haveplaced lmre emphasisml. ympkqtic infilmation, plasmacells
mcmased axmmts of cmmctive *sue. Unfc@mmtely, chnges s* to
occur in thyroidswhich hme mt been subjectedto radiation. Lym@cytic
isaccamm findinginthymidsof patientswi7h Groves’disease. lh
conmctive tissuemy representpes-tinflusnceson the thyroidsuchas
repeatedhyperplasiaami involutionad wrying degreesof nmhlarity. Obj
kmadeto using t& large bizarrenuclear fomsasa mans of identifying]
beceuesmewhat similardwlges mayoccurinthem ergins
-0 =~”

Ofareas that are
h the ~nsiderable eqerience sttxiyingpathologicCM

~~ of ~-ts ~ted =th 1301 @ 1 11 ~ & ~~i~ qi~
thvmids that are subiected to variousdesxwesof r~tion. we hve
c&clusion that
* mre subtle

a canhl mnsideration OF the bizarrenucl&r forms
degreesof rdiation effect caussdby radioiodime.
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To test the hypotksis
identified,a co~tive

tit subtle radiation effects in
studywas set m with Dr. Robert

thyroidscan 1
Conard of EIXx

F&ticml Labmas. A large cobction of-thvmid times kncxn to have 1
to varyingdegreas-of Xwclio-M=e mdiation (&luding controls)was sllbm
mknowns tothiswriter inordex * test the experiencegairedfrom the m
studiescarriedon under this corn t.

~s of microscopicslidesconsistedof the follcxing:1)Tissue:
patientsin the ~ - * - submittedto thymidectcmy and k
tohavebeen e%posed toean?!masolnbh amountsof rdioiodim fallout. 2:
thyroidtiSSWS obtained frun “~ with mdular gpiterin t& Nevada-Ul
falloutwaskrxwn toexistin 1954, ~ttheextent ofradiation to the thy
childrenin this area is very doubtfullysignificant. 3) Thyroidtissues
goitersrefmvedfiwm “chllchn in Saffmi, Ari- which servedas a contni
Stwy. 4) Thyroids ~ survivors of tlw Japaneseatani.c- ~~ pai
XWiation exposuzw is Said to have been metly extm, ad where fallout
containrebtively I.itileradioiodi.m.5) A groupof thyroidsfmm @i@
thymidectaay f= nodulargoiterin sevenalareas of the United Statesand
cou.ldbe&t anrwwsdbadmtmceiti mdiation expoeureto~regionoftl
Inerkso fidentiftitio nmmlmved fzmm the slides,exceptfor Sequenti
Multipleslidesfrtxnmm indiviw s~inti collection. n
micm~ic sti ~ assembledhamther large nmker ofhspitis,
of preparationwith hematoxyfi arKieosinand mounting- essentiallytln
noclueas totk.irsouree was WZ@e.

- -fi f= identifbti~ of radiationeffectwas placedon

‘:

of ~ biarz’emclearf~altl.1, inafewins~ces wkmenmzw extens”
was prduced, @&r evidemes of rdiation effect~ “ As has
alt, StlXiiesQ3rried. oninthi.s laboratwy~te thatthebk n=l
mcmased aXK.Xxltsof chmxllatin~t cell divisim in which therehas be
upof DNA, ktafail~ to divide. Astinulus (such asthatfianmild “
thyroidfunctionor a goitrqgen)which will prurotemitosisis inclinedto
~ nuclear forms. Ita~frcan pastwrk that tbes~us maybe
subtle,so ~ that mild degreesof hypoth~idism whichare not readily
by ndern labora~ mtlmds are sufficientto ~use mild degreesof s~

In distin@mbg betwsenthenucleus uhich is participatinginnorml<
andtknucleus ofamdiated cell, itisinprtan t to recognizethat,althol
nucleienlarge,the mrml. nucleusreachesa limitat which it dividesinto -
~The nwleus of * radiatedcell somtis continuesto enlargeand occasiom
Iirregularin Contcmr. ~ eti~ of ~se un~Y ~ nu~~ is ~
the thyroidhas been subjectedto -tion. Ths if the radiationexpow.re
enoughto producemild hypothyroidism,the s-us is presentd the occum
bizarrenuclear fores is rathernoticeablealthcugh~ may be no arc.hitec
of the histologicpictureof th -id. A fim distiwtion is, therefore,
betweenuniversallyAlar@ nucleiand the ocmsional uleus that is signi
largerthan all of th= others.

haven
en subjected
ted as
hologic

[-

Were bmwrl
A grow of
amauilers?

“ds of

orthe13tah
ts ~
said tm

*had
oso faras
neck. All

-*
?j’lthe
tedmiqufs

IE so that

peseme
des-tinn
Oirlted
mns Uii%l
abuild
-t -
Ig out the
PsnAy
tectaliLe
on.



On the
positive or

o-
+-

++ -
+++ -

basis of these consideraticms,tie tissue s~ti~ “wre grade
negativeevidenceof radiationeffect by the follcwingsystem

Nothing to suggestradiationeffeet
Uncertaincategory- some featuress~ested there might be m
radiationeffect - Gftenmre samplesof tissue‘muld have
to a definitedecision

Definiteradiationeffect
Marked radiationeffect;at least som ~tecti distorti
addition to bizarre nuclear fores

After the observationson each individualslide had been recaxkd an
M. COnard,the slides~re groupedso that dl slides frwn the same indi
h reviewedand a sir@e ~ade registered~or ea& thyraid. In s- case
been considerablevariationin the appeamnceofthetissue frun one area
In such -s the evidencefor radiationeffect was much mre convincing
#an in Oti. Where only a singleslidewas availablea reeval~tim a
all that could be done.

When the code was broken and “* jtigemnt as to radiationchangesw
against* radiationexposed (so far as was known), it was found that th
surprisinglyclose correlationbe- exposureand * recognitionof rad tion effeet
in the thy&id. See Fig. 13. Tissues~ 7 of the 16 Mar&allese wlw -t
to have had the greatestradiationto lhir thvmid had uneouiti evi. in tissues.
bst of the Man&allese were singledout as be”- at least Aspicious. ~ of these
that was definitelypositivewas considereda Maz&Akse con=l (thyroid-issw frun
post mrtem ~tion from the hospitalon Majum) that later pxwvedto lxan
individualthat had been exposedtut had &vel.typedw gross thyroidpatholcqy (335*).

Changesin the thyroidsfxcm - Japamse lxmb casualtiesshwed minor or only
suspiciouschangewhen they wemarranged inorderdepndng

.
on theirdi.stie frun131e

epicenter. TTmse nearest ~d to have ti mxt suggestive_. This fixKIing,if
significant,was surprisingbecause~ ~mt of mdbiodine in that falla twassnia3.1
consideringthe presenceof other-~v%nterials that w2re in tb fallc**

Only debatablecbnges wre seen in the tissuesfran the Utah -p, ms tof which
were not thoughtto have been exposedto signifi~t falht. One case in
consideredr)ositivefor radiationeffect. At ~ uresent tim, it is imoos
determinefar c

d

~ just * much radiationexpo”~ these i&iividuals-
Certainlythe majorityhad not lived in tk falloutarea when th largestf
Most of these tiyroidswere adenomtous. Sane of tise in which suspicion
weme in glard.sthat containedccmiderable lynphwytic thymiditis

.

h-lasia. .The only gland that u classifiedas positivehad been consid
in the patlmlogyreport but in this studythere seemd to be an occasional
nucleus.

Tkse observationsservedto illustratethat subtle degreesof radiati
causedby radioiodinein the thyroidm be identified.
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The Developnen t of Neoplasm in IrradiatedAnimaland Ikman Thyroids

FY’canthe wx?ldwide experience~ available,it seemsclear that the
of a nqd.asm, espcidl y a malignantone, is not a conxmn sequellaof 131
to the thyroidin adults. Not enough is known akouttiti occurrencein
becausefew childrenhave been so treated. The repn?tsof Sheline,Lind
associatessuggestthat the Occurrence of nodulesfollc$wing1311 is COIIS
frequentin “chldren than adults. Otherssuch as Crile and “hisassociate
his associateslnve no concermakaut the possibili~ of the developmentof -
in”chddnen. &cause of continuedconcm, the numberof childrentreatedI
~ Snail. Thusadequateexperieme is not yet available. Althoughtlw axumence
of neoplasmsmy be very low following1311 treatmentfa hyperthymidia ? my h that
*&sesused aresolarge and cellularrepl.icationsoin@red that the c1ances of
neoplasmf-tion is alms-t precluded.

The experi.mntaldesigpsof the st@ies to be descrikedhave * intc Consideratiai
seveml factorsakoutwhich w must learnnmre. l.) TIE age at whi~ ~ 1- - mst
likely to bepmduced. 2.) The dose of 1311 which is sufficientlydisrupti3gto~
Cel.lto induceahxmal replicationtit not so greatthat it des~ the ~ “~ for
replication. Fhsumbly * nmst effectivedoseswhich pnxime neoplasm li2 between
the ecpivalentof *tracer&se and tk ~peutic dose used inmn. 3.) Detemdne
uhat other factorsmight pramte neoplasmformation. 4.) Observe~lasm dm?ingthe
early stageof their&ve_t and the relatedfeatuxesin the ~er c Cthe gland
which - givingrise to neoplasms.

A numberof largeseriesof long-tam rat ~ hve been set up luring
tk latterMU? of this ~ntract to ~ the develz of neoplasmsof th i

a
thyroid -

in rats mted with variousdoses of 1 I. ItisweU lumwnfiam our own_ tits
andthose ofotherstkt thyroidneoplasmsin the

Bfl-
mre than aye r to develop

after co “ntmuous adminislmtion of a goi~gen or . Hence theproblemcx ‘housing
and tlx?Cost of feedinglnve been seriouslylimitingfactms. In adiition, * need for
very large seriesof animalswith many cgntmls has been necessarybecauseo:‘rnturd.
losses alxl(in cur earlierexperience)a rather lcw imidence of moplasrs. For K
reasonsad the limi~tion of funds, only one seriesof anisnalshas been pos:file at a
time . I

4
Dltbpast therehas beencontrwmy confxming~easewithwhich

be ~uced in animls with 1311. ~ of the failingsin most of the publ.is
~~ts d~- to test neoplasm f~tion in ~s given 1311 has h
Pmmaryattentmn tolmwnuchof theisotope wasgiven totheanimls ardno
andlwwlong itwasmtained. It has keccmE apparentover a long pericdof
that ~ amunt retainedin the thyroidmay be enozlmuslycliffenent than tha
frun the amunt injectedad the variationsin the amurrtsretainedarnng “
vmy g.-t . As a resultw have resortedto individuallyidentifyingeach
masunng its uptakeand retentionby in vim ard in vi- counting. We” “
of representativeanind.sto determinea mean thyroidweight has contributed
reliabilityof calculatingrad dose.

The Sam basicexper~tal patternhas been foll~ on 5 seriesof rat
past 10 y-s. The - strain of ~-Dawley Rats firm CharlesRiver &e
Colony have been used exclusivelythrough#e past 5 years. A Remingtondiet
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given for a few days to enhancethe up- of the carrier-freedose of 1311,
injectedin~peritoneally .Theseriesof animalshave ranged from 05 to 250
*Veral dose levels have been USed in each series. The animls are irdivid~
In vivo counting of the up-kdceby each -id is masured at 24 hours and s
aresacrificed atthisti sothat~in vimma surenentsmay M checked
countingin representativeanimals. The thyroidsare weighedand an average
weightdetermined. The dose in rads ma thus be ~culated for each animal.

~311 atist~. ~ -p was ~were grouped acco?xiingto tk dosesof
thosewhich received chronicthiouracilin the drinkingwater,:thosewhi k

%thiouracilonly fur 5 days kfore sacrificeand those givennothingbut. 7
receivedno ~~t at all.

Aside from those animls initiallysacrificedto check preciseuptake c
weight,the animals w3re sacrificedat infrequentin
time to * up to 235years. A ~ tiace &se of l~as ‘w - ‘*t ~I in a&ition tc the
thymidinewas given to the anin@s four hours before sacrifice. Autoradiogl
w~Y Prepared from Inkwcopic sections of the thyroidserveto identifj
areas m the gland where 1311 utili~tion is different

P
the rest of W

Becausethehalf lifeof1311is mmhshcmter than the Hintritiatedthyni
1311~p~ f?XXlthe *scopic sectionsmm rapidlyad is essential:
* mnths. New
to those used to
nucleithat were
reveal.* types
preparations.

In Orda to
thyroidexplored

autoradiogr hs ‘~ prepared frun Oti- micm “ “
danx@rate~311, shcw only the locationof tiVH~ti~-~
ppari.% to divide. Subsequentcanparisonsof the two a{
of inf~tion -t the sam clusterof cellswhich appea

conserveanimals in later _imnts, scme were anesthetize
about the time neoplasm ~ first expectedto appear. If I

mdularity was found, the animalsw&e sacrificialseved days I.at-G,after t
presacrificepreparation. This was done not only to mnserve valuableaniml
ilsoto give a bett~ id= as to when neoplams begin and an appreciationof
theygrew.

The first full seriesof animals (85 males) we= dividedinto groupsard
3, 5, 10, or 50 uc of 1311, deliveringfrom 30,000to 300,000rads to the thy
thisseries the 1311 was not givenuntil the animls had grcwn to 110 to 135
Unfortunately,there was a very lW incidenceof neoplasm (6 identified)in
3eries,although the long t- survivalwas not particularlygood. Animalsw
.weived the largerdoses of 1311had alnmst completedestiction of the thyr
minds that receivedlower doses,some thyroid tissue could be seen on gross
rherewas only minimalarchitecturaldisttion of the folliclesin this rang

A secord seriesof rats similarto the firstwas prepared. Sincethe yi
Hplasms had been pcor im the juvenilerats ap~
~s were used.

mtlmity in the firs
By the time 1311 was given they weighed55 to 85 grams.

-eived 40,000 to 400,000rads. At shout 1 year an epidemicof pneunmnitis
theaniJML farm destroyinganimls mne by groups than by ramiom. (Itwas no
* nnst heavily radiatedanimalsthat died.) Sane tunmrsdevelopedin survi
mggesting that radiationappliedto younger animalswould yielda higher prc
leoplasms.
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Many collateml observationswre
the coii of studyingthe &velopmnt

n-adeon these first twoseries
of neoplasms● =ly sacrifices

m%observationttat thems is a taporary loss of rnitoticactivity
I 1s given as we previouslyreported. The abnmnally large

appearw~n goitmgen was givenduring the remvery phase frm w=
Altlmughneoplasms* not beccm manifesteduntil mch later, it may t
startedat this time.

In a third series of animls, the age at which 1311 was givenwas
28 days; 40 to 65 w. Althoughaperiod of iodine

H
icientdiet k

Upt.dkewas 25 to 60% of dose, and th? graded doses of I~reduce
200,000rads were deliveredto the thyroid,using 5 dose levels. A tc
developedneoplasm. Al- th2 nunberof animals &t developedtL
itnustti kept inndnd that many~sacrificed beforeoneprand
foundbefore 14 lmrlths● only 25 tis - allowed to surviveaftex
theseultimatelyproved to have neoplasm.

A4thlarge seriesofanimls was prqared. Sime~yieldofr.
mmeased bygiving the1311atayamger agein—preudmg~
serieswas startedby pmmring
day. Tkre - 120 offspring.“~~t:== ~ &mi3r.i

by inqito- injection. Thirty~ as Varicalskimls of Contz
Femaleswere sepsratedafter e. I* deficientdiet -d ml
Tlx2actual red dose deliveredto * animalsranged fran 300 to 17,(
an avemge thyroidwight of 7 ~. Sixre*neopksms tenrMto app
thelowr doserange inthepreceeding grmpofanirals ,lowrdoeesl
Furthss , these ~ids g extremdy small, so that Considering
beta ray relativelymmw of tk beta radiationcaused tization out=
totalof29discreteneop* were found inthis~s. Omoftk
controlsgiven this.xwil chrcmicdly developeda neoplasm. Ihexwm.
animals*t received only ration and 20 had been given raiiation~
thiouracil. only 49 “animalswerepmlittedtouve long!erthan121ml
hadneo@sms whensacrifi.ced. Fbstofthe ~lasmtbat developed?
of thioumcil occurred in tk 7,000to 17,500A dose -e.

Many collateral ob~tions have been made on tbse seriesof ax
~ tritiatedthymiMm rdioautographskvebeen-on all~idsin
thereisa~tdealofinf~tia thatisjust mwbeingappreciat[
- of Wse o~tions are as follows: Upm ree * rmn-rac
animalskilled at each pericdof sacrificeit was found that ~ ~
givena 5 day course of thicuracil,&degmeaf riseinmitoticinck
labeledcells per high power field)i5 quite remarkble. ‘f’heycungur
animalsshowed 0.5 b 1.6 labelednmlei while tbse given thiourti
35.0per high power field. Incontnast *-observaiials On rem
2yearsof agemay reveal only oneortwo laheled nucl.eii.nseverala
whole thyroidlobe. tithebttSr=.S~td lXKk’t&~COI
numberof nuclei lakeledmay be less tkn one per high ~ fiel.d.

For doses of 2300 to 2800rads, slightteqmary hpaiment to m
occurredbut U,ltitely a mximal weightof thyroid could be produced
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atemJ dservations were made on these
stud@ng the developmentof neoplasms.
dim tit there is a temporaryloss of

firsttwo seriesor an~s U1
Early sacrificesconfirmedour
mitotic activity shcmtly after

as w2 previously mqorted. The abmrmal of mitoseswhichly ~ge ~wm~ again.
>;.~en was gi~ during the recoveryphasefrcen
Lasmsdo not keccmemanifesteduntil much later,it may be that they
is time.

d seriesof ~s, the age at which 1311was givenwas even lower being
> 65 grams. Althougha period of icdine

~s
ficientdiet was agair used, the

to 60% of dose, and the graded tiSeS of 11 ~ red~ed so that 5000 to
- deliveredto the thyroid, using 5 dose levels. A total of 19 animals
plaslns. Altlmughthe number of animls that developedtumrs seems small,
pt in mind tit many were sacrificedbeforeone year and tumrs were seldom
14 rrrmths.Only 2S animals S allowedto surviveafter 14 nmnths; 12 of
ely pxwed to have neoplasm.

rge *es of animalswas prepared.
giving tk 1311 at a younger age in
artedbypmaring --t f~les
em 120 offsurhuz. Ninetv of these

Sincetk yieldof neoplasmshad
the preceding series,this presemt
tkdthad al.l.been bredon the sane
~ ziven1311 on the 16th dav of life

~p~~ad~:.uy ‘-1A as varicxiikinds of con~ls. M&s and
Iodinedeficientdiet couldmt be used here.

d dose deliveredto these animls ranged fran 300 to 17,000rads, based on
lyoid weightof 7 W. Sirx2etk neoplasmstendedto appear nure often in
e range in the preceding group of arM, lowerdoses were used here.
tkse thyroidswere exlremely small, so that consideringthe range of the
dively - of the beta radiationcaused ioni~tion outside the gland. A
liscreteneoplasmswere found in this series. One of the non-r@iated
!n”thcurad chmmblly developeda moplasm. Therewere 8 neoplasmsin
receivedonly radiationand 20 had been givenradiationand chronic
only 49 _- 3 e permittedto live longer~ 12 nmnths; 22 of these
5WkXl ~ificed. M3st of the neopiasmstkt developedwithout the stimiLL
L occurredin the 7,000 to 17,500rad dose range.

Uateral ob~tions have been made on theseseriesof animals. Since
_ ~ut~phs have fia made on ~ ~wids fi ~ese 4 series,
-t ckal of informationthat is just now beingappreciatedretispectiv&Ly.
2 observationsare as follows: Upon reviewingthe non-radiatedcontil
ad at - periodof sacrificeit was foundthat when the young animalsare
~ ccurse of thimracil, the degree of rise in mitoticirdex (nuwberof
~ P high POW= fie~) is @te remrkble. The young unstinulatedcontrol
~ 0.S to 1.6 labelednuclei while those given thiouracilshcwed 14.0 to
h pmer field. h mntrast the sam observationson Rsting animals 1% to
ge =y revealoriLyone Oi*tm labelednucleiin severalcross sectionsof a
d lobe. When the I.atteuare stimulatedunderthe sam conditionsthe _
clei labeledmay be less th.n one per high power field.

es of 2300 to 2800 rads, slight tempcmry ~t to ~totic activity
ultimatelya rmximalweight of thyroidcouldbe producedwith chronicthim
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‘doses o
f?

000 to 5000 rads there-S S- ~at of m~~tic
3 I and som ~sistent‘ingthe ~t was denmnstreblefor

eoftheaniml. Insane~sscmletempmry ~t.= seen ~lOW
1sand in scm of this group of animals subsequently * mwml enlargemm
ml on chronic thiouracfl cculd not be achieved. It must be recognized,M
-city for hyper&qhy declineswith age so that failm to m5coverearlier
~not actuddy be attributableto radiation. Furthermore,the capaci~] to ]
h increasedmitoticactivity “Iradiated animls was mom Likeanon-mdia
a later age. With 9000 to 20,000reds the recoveryof mitoticactivityat
1 5 ronths ~ not ccmplete. With 14,000 to 30,00IJthe capacityfor Atoti(
;only akcut ~ thatof non-radiatedanimals. It was at about this dose lev{
‘ylittle signifi~t increasein thyroidweightcould be prduced by thiou
life until the animal~ developinga neoplasm. Amng animais sacrificed
= had been considerabletempomry recoveryinability tomspoad tothes
m after doses as high as 14,000to 30,000 in one seriesand 12,000 to 15,0~
was at this levelof rad dose that neoplasmswere most l~y to ul.timtel
:houtthe added stimulusof thiouracil.

When neoplasm were ctily formal,the incidenceof mitoticlabelingin
3 usuallymuch greaterthan that in

P
@amdular tissue. Only in tlE m

:entlypreparedautaadiogm phforl Icontent wastheiodine uptaketi
;P- =tisf ac-tailye~t~ . H3wever,as far as observationsgo, it
It those lleOpldSMSwith the mst ahdant labelingwith titiated thymidine

Y3g :~~ 1311”
Figure 14 iJ.lus@atesan autoradiqp ph of a solid cell

.

AU *S of histologicpatternsof thyroidneoplasmslwe been found.
>illaryand follicularlesionskve been the mat. ccxmmnthus far. %ch a
shown in Figure 15. These are usuallyfound where chronicthictmacilhas
msed on radiation. It has been discoveredthat nmst of the lesionsfound
it are radiatedbut not given thiouracilare solidcellularlesionsand ms
Lteurdifferentiated. oneStin eOpksmi SseeninFigure 16. This~
pc of 1311 del.iv- 5126 rads. Nothiouracil wasgiven~ than theb.
stmulate acute mitoticactivity. The animalwas sacrificedat 18 rmths.
taadiograph slwwsan emzmmus ctmentration of nucleikaring the titiate
=1 at a pint where the very umiifferentiatedneoplasmis breakingthrwgh
? cells that are labeledonly had an opportuni~ to collectthymidinefor a
Sy Only Collecte+it when preparingto divide. Therefore,* ~ n~
=led speaks for~te at which these cells am rmiltiplyingat the pint of

W - ~u* ~itiated th@dine autorad.iogaphs it ~ been hoped
jlhtlearn at what tim neoplasm begin to develop following I and t.?.?
m at or n- theirince~tion. It has been assuredthat any cluster of cel
be a neoplasmwill displaya differentrate of ~t~n of &itiated
its nuclei than will cells of the surmumiing tissueas slxwn in Figure 16

After 12 to 15 mnths radiatedthyroidsshow .som areas of variabilityk
folliclesize ard cell size. At A&tithe labdingof nucl.eiisnota
iformlydisplayed. Figure 18. Althcughtheremay he no discretelyencap~
cells which are clearlya neoplasm,the tendencyfor cell division seems n
2valentin sclm2areas than in others. ~ mn-unifom distributionof labc
itiatedthymidinepresurmblyrelates to the ncdularitythat evolveswhen ti
e stimulatedto hypertmphy. It appearsthat ultimatelysuch glands will k
ntaim lesionswhosehistologicap~ance, degreeof encapsulationand disc
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tiferent terrlemyfor mitcticactivitywill be quite evident. After re
*id ptX!pratiOnsit appearsthat labding is more oftenseen in area
follicleshave given way to minute rnicrgfo3Ji.clesor to solidcellulara
follicles. ?he preliminary~sim is gained that these~S r42pxw2s
of “nalules” or actual neopldsms. Sue!!an exampleis seen in Fi~ 19,
titOIOgiC pdtternwasseen Ll atleast 20fthe Marshalleseonwlxxnwe
ad studiedextensively. It is impossibleto judgewhethermany of tl~
be classifiedas malignant. Asearch haskeen madein the lungand live
-s dissection,tb rassivethyroidneoplam has invadedIIUSCulatureo
is denselyadherent to the ~chea and larynx. NO p~n distant mtast
fOurKioutside Of the neck thus far. Figure 20 illustratesa very extens
ilrv~, S~turYS of the neck.

The= am so many interrelatedobservationsin thse experinumtsth
rwlationshipsare rmt yet appreciated. Severalconclusionsthus far see

1.

9-.

3*

4.

I 5.

6.

7.

Them is an irmeased incidence of thyroidne@asms following
administrationof 1311to rats.

Neoplasmsare m readilyproducedwhen 1311 is givena~ayoung

Adoselevel of1311mstbesma3.1 emughthat itdoesmtseri
cripple the capacityfor replicationtut it xust be large enoug
~ _ inminsic damage to the cell.

Ne@aams are prcducedmreresdilv in the 7000 to 18,000m do
z+ge. Altb@h rat thyroids are-ret to~.. deslx@d with &
up to 80,000,~ occasi&a3.tunur has occur&d above-thislevel

With : - &ses of 1311 ~ is q de~sd labelingwit
~i%kw-. Them is an nmxlzate cessationof mitoti
activity for a brief~od of tine. With ~ery fmn mm-
destnmtive doses thereis k supramrmal rate of mitoticactivi
Astipasses*is~a dectibelm lhe~ level.

The ~t declim in H@le mitoticactivityoccurs over
weeks or mnths depnding on the magnitudeof the originalradi
insult.

T& cxipacityto developa h~phied glarxiunder chronicthi
stimulationis graduallyimpired or lost dependingon the sizE
the dose of 1311.

%rlic.ipationin Other @k on RadiationEffects:

Coincidentwith the lcmz term studies carriedon under this contract,
principalinvestigator (along with sane others) has demted a -t deal o
sevexwlnationalproblemsconcernedwith mdiation effectson the thyroid.
as follows:

Chamnan of the SteeringCcmmittee for analysis- studyof dim

1 1“ -patients in the Cooperative TIqzmtoxicosis ‘lhemapyFollow-up Stul
[ National Center for RadiologicalHedlth of the USPHS.

>.
,.
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2* Participant(uithDr. RokertA. Conaxl,BrookhavenNatioml Lalx
tk surveysof the Marshal.lesenativesexposed to raiioicclimsf
the first tkrnkmuclear explosion.

3. Participt in ~ s~e~ of goiterin children in the Ul&l-NeV
(1954) ~ ad in specialstudies@_ on selectedindivid
that population.

The kckgmud of experienceprovidedby this con~act has provided
to participate,in a major way, in stlxliesof these issues. Illsstdy an
that goes into dealingwith thesepzmblemshas in turn given a _ per
the experimentsto be ~ied out in the laboratory. For ~le ~ -
Marshdlese has contributedin severalways. First, it gave a fb han
the prmblemby seeing and examhing the people.Second,it broughtthese
which proved to be extrenely Valuabk material. Being prepamdto~
withaspecialview~ thepmblem arrldoingitin conjuxtionwiths
doneinthe labmatory”lmnediatelyafteXws5udmade the Imat of this Lnliqu?
ThiXdly,- questionof the effectof rdiation in th mXher havimg a s
effecton offspringwas raised. Laboratoryexprbents in animalstit

h“ Chlrman of * steeringCumlimee, * principalinvestifJllmha
timetoanalyzing the data and slmnlarizingthe resultsof rdi~ ti.m?
formation* 19 centers participatingin this large SlnxiyeAl_ ti
Studiedinalr laboratorymp-esent a relativelysmall fmctim Ofthetz
in this large slxdy of over 38,000patients,half of which ~ ~ted u
dataonnwxy ofourtividual patientshasprwentibe~mst~let
q-ties furnish=dby this contract(seeearlierpart of this ~

Ithasbeen tbughtthat suchdata could bethebasis fixm whichto d
testmadels thatwcalldreflecttbetrue naturearxlmelctent Oftkradia
the t@moid in these patients. h ti way it might be pssible, rrxt
long * results,to discoverm explanationsfor the ~ Fof131t
patientsand tk f~~ in oti or for ti ~ly des~ve effectal
of stillo-t&rs. -data which= furnis~ Mm,-Dr. A. Bertmmi &ill

hascarried outmplimimy analysis. *feels ~@
interpretationson the kinetics. (see PKwposalfor Continuati
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