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Dotmu Labo:ratoq of B1oph)'aia .Aft4 *df.C41 l'hyelca 
Univ·et:Sity of C41ifomta1 hrble7.t U.S.A. 

Ia cwatraet with the wldeapread use of x•rays, 8Uil'ia rays ncl 
electi'OI18 • aecelet:ate4 poli.t:l.ve l.ona have "-' appltetl to 1d.oloatca1 
atudiee 1n l'elstively fn labomtot:f.ea.

5 
Wodtia& at the B.atiatf.oa Lab ... 

o:ratol)' of the University of C4U.fot'ftla , the Mttkon fotmil e~Hal 
areaa of ra4ioblo1oa1ca1 1nt:ereet Jrelatiaa to heavy ione 11 aome•of which 
are cteacd.bed below. 

Protol\8 1 4eutetona an4 alpha 1)4ll"t1clu of aoae hu1Ukacl million 
volta of enqy haVe been u.ed for p~f.aa htghly looaliaecS radio leatou 
in aceul'ately pre4etei'llliucl position& in the bo4y. Bec.euat of the recbsce4 
ecatteriog an4 deep penetraUoD of th .. e pa&'t1clea • c.hey f:&n be ma4e to 
tl'&V4!1 in unow, almoet par•U.el bua4llea or: ~ bTovallt to foeu. 

the lineal' eMt'87 tt.'aaef•r of aocelera.tect ~ told t.ncnaa.e 
ae they slow down in ••tar, uatil taut ioabaUon coaea co a broad ..-.. 
tmml at the "Bragg i.onieaUou peak" jut befoJ:e the erul of the range of 
tile particlea. This pheaomeaon may be •ect to deU.vel." hiah doaea at . 
alqaoat aay desired precleteftl•cl depth La ti.aeue, with i.nterveraiq an4 
deeper 1ayere of t1aaua harilJ affected at all. 

1. Pontaaeut address: UD1vero1ty of Bor4eaux Metical School, 8ot:4eaux, 
France. 

2. tteaearch fellow of the NorwegU.ra cancer Soeiety and the tCA. 0Slo 1 
Nontay. 

J. heeent acktre•es Duke UDJ.vei'Gity, Nol'dt. Ccn:oliraa, U.S.A. 
4. Preaent addreea' ICaroU.uka lRStitate, Stockhol•• Sweden. 
s. The authol'e an tlu~Akful &o the etaft of the aadiatioa t.oho~q. 

parU.cul•l'ly to fWwarcl Hubbal'4 ud. Al Gklorao of the HILAC aDd B.. 1.. 
Tllomtoa ancl Jamea Vale of the 184-i.nch cyclotron, al14 to their asaoc• 
1atee • for: continued help anc! cooperat.t.oa. 
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rtaa1ly, tbare •~• several machtnes ia exiaceace uow which p~,. 
brief pulaae of wmeuaU7 iaceua beav)' ioaa, followed by rUiat!onleea 
iatezval$. 'l'heae uchiua may in the futm:e atve oppo1:tuaity for .ac:udiea 
of ra&tie<D•produced i.Henecliatea in tile lli.lU.e.-114, and pet'hap8 lac.tl' 
aa1ci'Ooeooa4, iatenal.a ad fe:r eaplorac:Lou of doae Mte effect• leatUq 
to ~etter unde•ataadina of the kinetics involved. · 

Below :a.a a bi'Uf ddcriptien of eome eelecc:ect areas of cuu•t 
inter .. c. 

fluke. Bnu~tad, B1rae and To'bi.Q have for the put few ,.are beert 
n.aaa•cl in atuctya.aa .,..u bioloaJ..-1 .,.,._. aad IDOI'OIDOlecul•• wtth the 
beua of heavy ioU from the 60-iacb cyclotroa ... the &eruley aee.vy loa 
J..iM&r ,4ccel4n:'ator (1). tile available racU.aUou 1nclu4e pnl0ua 1 4evteroae, 
alpba parti·Ole8, aa4 Cf.l'boa, ftitroaen, 01C.)'8eil, &H QGOil 1ona t all wieh 
ene.-st•• coneapoa.cU.as to ten aillioa •J.ectroa volta per auleoa. Heavy 
1cma of C:hia eaeraJ p.ue. tlu:ouah aat•r1al aa auc1e1 etrippe4 of electrou. 
Aa a coaaaquence of the htsk nulear chaqe, ~hue partlelea are cbar&cte"'"' 
uH by very latah valuee ·Of U.aear euer&7 e..-araafeC' (UT), up co 1010 ew a•l 
cal or fivt ttaea &~ h1abeet loaisatloa of alpba particle•· The1r ra.se 
ia bioloateal ~~&ter1al, botlever, is onlJ a few baclrecl IQi.Cl'Oftl. 

Inttue monoenel"&etic beema of tbeae partulea peNJ.t etu41ea which 
bear 01l the coaaequeaces of f1ae1on frfl811'11hll8 aDCI other recoil auolei pco• 
d~e4 wlthin a oraat~U.. u.4 on the buarcte of lle&117 prlllary co1hil.c•ra:v 
particles vhich will be euountere4 11\ a,.ce travel. fte rdiatLoas are 
a1eo of theoretical iatereet in testtna the va1141tJ of vartou theoc-1ee 
of the bi.oloaical actl<m of toni.&:t,aa ra4iatioa~ !be c.ax-aet tlleory of 
Deaaauer (2)~ Lea (3) au Jollard (4) empbaaia .. the tinct actf.Oil of 
1ad1v1-tua1 ions 01: loa cluatet'a. Tbe iatei'lle41ate act loa theory of Zil'kle 
and Tol>i.aa (5) couUera the lli&reltion of exit&tioa euer&Y au the forma
ti.oft of c1Matcal iatenaetiatee. The nle .of aal1:1ple ton palra placed 
cloae together in tra~ke •t be c~et:1fie4 by the WO·I'lc. with heav, iou. . . 
The results of heavy loa 1rra4tat1on in&.eat• tiM Ulpotttanee of ctelta rays 
ancl offer bope of fel'thet' eluc14at1on of maclaaul81DS of 4elta ray effect. 

A schematic &pam of the apparatws UMd for the bony iou lna4i· 
at1ou 1s •bowa in JJ.pn 1. flere the ma"r1al ia .1na4iate4 ia the • .., 
stat• in vae\Nil• ucl the cloa• is measure~ tty meau of a FaradAy cbatlkl'. 
for 1nacliatiotla iu air tiM hum 1• a1101fed to ,us throush the thill etld 
window. end tbe doee :C.a meaevred by M&na of aa toauauoa cbalabet>. 

~~t1z~i::~~~~;~~.,,A:ss:, ff··~,-'·~,;·,~1 ::··~~f.:,"" ·:.. . !~:fc'J:~·:~,~~';::lf' •.. : ... ~ f.iJt;·~/~} 
-'" ........... ~ ·~··· '"" ' 
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'the matertala •tu41ea thu far Lu.elucJ. veaetaUve yeut celle of 
~~CfhaH!!l!?!t cerevMtifle by IU.ra• ancl Sa7es (6) (7). dey spor• of !-• · . 
agti.U.a. 4~ T•l bacterJ.ophase, ancl the eo&)'IQ8t lJ"&J'Id ti'Jptin -.4 , 
ieeoqd.boAacleaae by 1'1\ike u4 lnetacl (8) (9). All tb.ue materiell allow 
an expon•ttal doe.,.e.ffect relationahlp. Ceftaequ.tly 1t ta poeaibl• to 
expreaa tbe weaulta of 1na41&tlon u erose aeoc1oet valu•• or the apparent 
al'ee tllat the va1'1.oua moleculeil. or or:aeni..,. pruent to the boabardiaa 
particl... Thia cleacript.ioa 1a tonveatent fo~ heavy loma, where the 
expo8ure i.e ofcea IIHaurecl u Cbe deutty of .,_ar41q part1c1u ove1: 
an area rattler than •• the euqy abeol1'ael I'G"t · ait .... • In W• l'epJ:e• . 
eentaUoa a col\atat nlative bioloal.cal effectiveneaa (UB) cotteapoa4t 
to a CI'OII ,aeet1oo tbat. 1a ptroport.i.otlal to U.aeat- GM1'8J traufel' (LI'l) ~ 
on the other harul, a erose section that appt'MehU • COAt'-•' value low · .. 
1ncreaains t.IT cornepollda to • raptclly falltaa us. 

The 4ata are sUiliD&riaecl in Piaure 2; Where the ..-aunct :Laactivatioft 
Gl'Ote aeotS.On ia plotte4 as a function of LIT for eevual diff'eroat syeteu. 
In eal'lit1' work the laaploid (5) JU$t cella aa.S !• tubtll~! apona (10) 
b44 both show an iaoreaias us at the bL&h••t Lit ve.lwta attaluble wi.th 
alplla partiolea. Both theao aated.ale are .uw ellown co have a decreaetq 
Ul at atUl higher LIT. Dry T•l baete'l'iopbap show a relatively fJ.a.t 
lBI for ra41at1oaa of iatermed1ate Lit• &ad a 4ecrea81GS RBI ·at very blah 
LB'l' • 1'nlJ.ad.naq ealculatioae of the tfte~t of •lea d)'a i•dic.te tnt 
for hiah LIT the correctecl cro11 aectioa is not laraer thea the virus part• 
tole ailhouette and .. , be smeller. 

WIU.le the ht~&q particle uper11Mmt8 on phase T•l a.-4 baoted.al eporea 
alva 01'088 eectf.ou in fatdy ~~· asreesaen.t tri.tb the Dldela pnvi.ot~tl·J 
obtained fol' tb.e DlHbeaUa of i.aAetivaticm, the lyao.z7111 croee eecU.oua 
with oxygea nuclei an cone!clerably (about 10 tlalee) higher thall one would 
eapat from etmple bit tbeettJ on the buia of the bon slecular wtaht. 
It 11 well kDOW'A tkat wh.ea the mea•un4 croee eecU.oas are o.orreotell fo~ 
delta rays the 1aact1vatLoa eroae eecti.ofte will be rocluoed.. If a laraa 
p&Tt of the effect on Lyaoz,.e 1e 4ue to delta reya, exper~te of th1a · 
type lliaht ss.ve ua 1101'1 deflc1te botfleeae Uo.t tht cle.lta ray eneT8J cU.•· 
tribution tbaa we have oow. the poaalb11ttr ramal~ tbat furtber ~efine
tllll\te be)'OIUI accountiD& for 4ele& raye Will luwe to be u4e 1ft t- tiMoq 
of action of rad.1aU.ons ••eon the ewoas eection data of fipn 2 caa t.e 
fully exp1&1De4. 

The tecbniquee aleo ~a~ke it poea1ble to l·rr:adiate the 1urfflee of 
aDiaal tieaues and to irradiate thia layers of vet b1ocb~a1 eyatem~. 

BlOLOOlCAL. S'rUDIIS Wlft 340 HIV ftOJORS• 190 M1V DBUTBn.ON$ 
3Eo 

AD $9&- MBV ALPHA PAim.CUS 

Since our npo'J't em the lnitial 4eva1op.at of techa1quea for bio"' 
logical uaea of blah IU1'87 deoteroos (11) • ..,. bave canted out a a\lllbel' 
of stucUes. Most of tiltH take a4vantaae of the fact tbat Cl\e protoa, 
deuteron or helium particlea .. , be colltmate4 to for.. a small penetratiag 
peacil of rays which aay be uri to produce loc.alt.ced 1'44iat1oa aa.ae ia 
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vad.oua aep•lJina body ec:rucmao. 

ta~~ .. , ta ~•• taveattaati.oaa eeat•c• ~t the pbfatoloaical 
pwceasea whi.ch ue ,.n.ta11y ar fUlly CODll"'11etl by •ttvity of ttae 
pttuitaq alat\4 att4 bJ hJpothalall1c coatrol eenc.a. ror ... ,. years 
pbfaiolopcal :l.wweattaatt.oaa tenacl to abow that bo:tlloatuu, the 'balanc:e 
aac.t colltnl of the 1..-el of a arMt IUD)' th7'1o1oatca1 pl'OOeaa•• U.ea £.a 
thelqpodtala&lu, but it llaa. aet bea fuU.7 raaol,.a wlaether Ol' aot each 
heatctatati.c va;iat.la, •·•• • ..,eratul'e, wahl tUI'aOVet, etc., le en• 
tm11e4 I.RclepeHeatly, ad the ut•t to~· the v&l'i.ou cntara an 
i.ovolvH :l.a the ..-ca11tcl "etna• l'aaotioft". Tlae .-..., .. of :l.ou kama 
ta thia atudy lie ta the ability co pwoduce 1oa1o.. viebout operative 
proce41srea aa4 ill l.nveatiaattas th6 potatbf.U.ty that neurou au4 raerve 
flb•re IIL&ht b• aff•ted dl.ffueatUUy. !be vell•hacMa 1-ertq 
of radtaUoD leatou aa4 che ttae nquir.S fH ct.,.lopiaa t1ta appear to 
be • dieaclvutap. 

s.eral nthon have polfthd out the ccmatetiou t.at1iMU ~ hypo
thal...a and p:l.tuic.ry (a .. for exemple rat. 14) aad the poaa:l.bility of 
a fee6.tok nlatiouUp ll1 bo!Qeoatatlo eoa~l. lD nr expel'i'*'t• we 
poatvlate the exlateace of a feMbaek attaqfJiiillt (oae geural fom of 
wldcb 1a lhowD on flF• 3), Vbtoh •1 •dtat:e the napoue of tile body 
to vaart.ous atimulatlaa ol' 4ieldfti.out effects. Acool'4laa to thla 110&.1, 
tile plhlt&17 alalul acta uacler ooati'Ol of 1\e\U'al an4 bUIIOral aaenu ftom 
tJae hypothal.aau. l'blt lathr ia 1a tun uaclar &he W1ueace of trafoma• 
tioa noe1ve4 fwm Clat bo4)' Uetuea 6114 ea4ocriae taqot oraau _. ta, 
1a e.dclttioa, 1a coauetloa wlth tho biaher brala ceatel's aa well. !hu 
aft)' illbalaBCe ia Gll1 pawt of the &Jete~.., react n the oc:het' parta aa4 
brtaa .-bout corrective or 41.versent clllmaea ia pel'folmallCe. 

A reaaouble boq of data bae ben acc\IMaUted oa the eff-ta of 
deuterons on rat pitutaary by Tobias, Van DJQ, Simpson. &a4 Koneff 011er 
the put five years (U) (14). ln tbie VOI'k a tmaU beam of pel'ticle•• 
truaau.tar ia croat aee.Uon, 1 • betpt 2 1111 apex, vae utiltaecl, ami 
ii'OUfl of 22 4&7 ol4 male Loag Ivana rate wre apom to a1ftale doeeo, 
taQI!aa froa 945 l'ad to 40,000 ra<l. Many of tlt.e. aimala were eta41e4 for 
tbe rut of their lUe epa to obtaln Wonaation oa the utun ud. 4ura• 
tloa of the effects em tM eff:Lctenc:y of proclucti.Gn of'flVarious pitut&aq 
bo~. The meuureMill of a~letal clev•lopmeat act bocty aaas l.a41catd 
urly tbat, ia ont1' to achieve a phref.oloalcal .state comparable to tntq.ical 
Jl7popllyaectom)', massive doaee (above 10,000 rac.t) were rect\tired aftCI tbat in 
aenel'al, llypopitu1tarina appeaed .earlier aa4 euU.er as the 4oae 1unaae4. 
lt la of lntel'•t to o.ot.e, hotMver, that vhu tufficieat tiM waa aUOtld, 
even tile lovett dose of bi&hlJ localtaecl rare had p1:0IOUl\Cl eifecta oa the 
utub. Iva at lw cloae levels clea.-•cut dtffueacea were appadll.t ia 
tlle abi11ty of the plhitary Co proiuc(l var:l.ou honoaea as ev14eae-' by 
tlae t1ae of the taraat. oraau. -- of wb:l.ch had received. appreciable 
dose& of radiation • 
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ae a fune.tiou of dose, ie ehown in Figure 4. l&greaaion of .tb.yJ'oida, 
adrenal•• an4 goftade u iadtcatecl in Fip.re s. It ie ~arent that 4Qae
effect r:elationsbip for aecot\Claq suppression to different for Gach org,an .• 
&eduction of weigbt pia or tall growth to ona-helf normal takes about 
6,000 rad, While a stmilar 4eiree ef effect oa adrenale aa4 tbyroide le 
reached at 2000·3000 rad. The aonada tau s~t f!»re. 3300 rad, for 
the • ..,. effect.. One cuioue effect at 94S ra4 wu the pla in vetabt of 
the AIWiala in tbe post•h'n4f.at101l pertod. miq which thi.a lowest dose 
group exhlbitecl c~eter~attc cb.anae• of obeatt)'. We do l\Ot know at 
pnaaut. whathu t1d.a · .fa..llaa i.e eaU1'el7 4ue to malflmctloa of ~ p1t.u1• 
ta17 stan4. Or; could 1t orlalaate :l.tl ·~ taJ•-' atncturea? 
fte well•tmmm t'obe&itJ cntt~r" of tlte bwo•bal&a~U& is far eaouah awy_ co 
have recetve4 onl7 a fw t-oeatana. 

BJpophyHal fUMClOD i.e 1mown to M t:elatecl 1a 801lle way to CUIDOl' 
formatwa. It wu 0f interest, when up dot .. of pltulcaq tn..U.aUOl\ 
wewe gtvea, to flml that at 24 iiDntU poet 1rracU.atlon the over•al1 
inc~e of tumor• of eM bo47 as fOUllCI at adopaJ wae about oae ... half the 
i.ne14ace 1ft DQftf.rra4iated coatl'ols. oa tke otlaitr haacl. at the lowest 
apoau'tea (945 rid) the tae1deace of pihtt&I'J tumora $bowed a auS.td.q 
1acreue. Fifteea antu poet il'l'4ClUt1on 100\ of ttMae animal• u4 
p1tu1tal'J adnomu, with an averaae of .t.J tu~r~ors pu alarM!. Tbe pied• 
taq tua;)lt inc14eace f.e show on r1cw:e 6. 4metq 70 ..U.la that ncelvo4 
over 3000 n4. •t oae hacl a p1tv1taq tumol': 'rbe authors believe tbat 
thi• l1ndioa aclU to the evi.Clence. polatina to ncktcrd.u factor& in camiqo· 
aoaeew. Appal'Oiltly radiation cat:e1nogeAeals occurs .fol101f1aa eublethal 
lajuq ~ the ~U.e of a liveD t.Lasue an4 1a acce1ft'ate4 by feeAack 
•t•1at1oD (1'1s=e J). U So1 tumoJ: pwth mar be 1tlf.tiate4 '• I'MpoliM 
to aeM for moft 1)1tuit;.ary lamDonea. PUI'tb (15) fnad that head 1n:atia• 
tloa i.a4uce4 pltt.dtaxy bSillol' tomatton f.n alee. Pituitary tumor• fo11ow1q 
:rdiatlon ol' oheml.cal th)To14octcmJ7 are well taocm. 

The above ..,taaatlcm fol' tutnor f.actuctlon ft,t$ 1ft well tdth the 
fimiLa.ga of Bond, et. al. (16) who fOUI\4. that ...,.1'1 tumon in rate wan 
1ftcluce4 by whole body 1.1'1!'ati4t1on nd that the ouet of such t\1!101'8 1a 
clflp~ on tho fUMCicm of tbe ifttaet ovad.ea. ' 

!U.ace it aeemed that chJ:CUic phyelologt.c c~wmsu lligbt be 1.nduce4 
by pialtaq 1rra41atioa1 lt becaae cf Sateceat to atudy proton and 
deater:v.a effects oa bralft 8ll4 hypotllalaaua, la order to 4eterm1ae the 
radioaeu:&.tivity of thue Ciasues aa4 to flud out if hish eucti'Q pai'Uclee 
caa be ueeful toola ia a atud.y of fee41tac:k mec'baai.&m8 of bomeoetatf.c 
¢0at~l. Duriq the past &ev$ral year• • say 31'oup8 of rate bave ·beeft 
expos44 to cleuttn:'Gn ltoame r&Q81ns in diamate.- ftom 1.6 rail to areu of 
20 um2. Many of these .evffue4 l,ethal effects. W.gh doeee l'esulte4 1a 
eberter au":&. val tiao than low doeea. Howev•r • at conatant dose, euwival 
tfae decreased With i.ncweasecl irncllatec! vol.a. '!'he" 1.e a eon-elatlcm 
between 1utegra1 dose 4ft4 survival time, $holm ill Pip.Ye 7 .. 

1a a attempt to ueertain the effects of deuterona em the entire 
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bypothalaRae, aa apefta'e was fabricahd Wbich would cove.- a •Jor port1oa 
of the resioa. Parta of the aoaeftCepbaloo, poaterlor to the bypothal.aus, 
wn also included' the ebape of the aperture was dea1pe4 to eac1u4e the 
p1tu1C&l'y. Survival aa a fvaeUoa of doae ia ehowa in Flpre 8. After 
nceivtna 9500 a1l4 11,000 rad, lha aaisale fatlecl to pia wiaht aM. 10·15 
days followiaa ln:a41ati.oa exl\1bite4 mad&drap. The aaiala vera 
ext.._.l7 4f.fflcult to haadle, bit1aa evel')'tldaa withln reach. the rage 
ooatillued t.mtil 2·3 4aya prior to death, at wh1ch time the animals aa81'11184 
a "hullebhackecl" IICttioDleaa poait10A ea4 ceased to eat or 4d.ak. At 
autopay all •~Waals in t1aeee pups wen cooaf.atently found to have ~ose 
peteohUl faer~~Dnilqea at the site of irratiatioa ia the hypothalamua tmel 
aateri.or meaencepbaloa. 

Next, two aroup• of 20 rata eaeb ware ln:di.ate4 with a cleutena 
'bea of 3. 2 ~a clt.ametel'. la cme pup the bUll was dil'ectecl to the eater• 
lor hypotbalamu.a, 1D the other to the poateriOr hJpotbalamu. lach 
received the emae close •• 1J,.SOO &"act. Tlleee &D1Mla alao ubibited rase 
an4 tile charact.eruUc hJpoehalamtc miatioa •)'84~ deacdbe4 above. 
ltt acl&UUoa, conw1•1ou 1 eaophthal811U8, ptoau, bU.a4aees, ad bloody 
axutlate fwm eyes aa4 aoae were exblbit..S. 011 adopey maRJ wen foul\CI to 
have autr1c ulcers an4 bemorrhqa 1a the atoraach or 11lteet1Dal tract. 
some of these flucU.Qas aM abon #.n Table I. 

TABLI I 

ACtJTI nNDINGS IN HYPOTJW.AMIC DIUTBON UMDIATlOH 

t:A t~l f 
H ! e JIJ JJ-.1 j 1 ·AI J J ' .... -a t.sl tla= ! -sB -. I ~~ e 

"' .... I dl I u I !11 Locat1ou a_i J iJ i_l alt~ iJ ... J j of leain 
... 
ClQ 

Aated.or 
Doraa1 3.2 U,500 20 18;t5 5 7 8 3 5 6 0 2 1 .... .... . , __ 
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Follov1DS these t.ft1Ua1 expedaente, the eag1ttal area of the ~~ypo .. 
thal81DU8 of the rat was cl1v14le4 into 6 reatou. By paeatna cleatercm beams 
of vaey#.ng cJOas aectlou tlu:oup these • we hopc4 to reproduce vari.ouo 
pbyetoloaieal effects attd.buced to surgtcallJ pt:oduce4 leaicma ae 
1llutnte4 in Flpre 9. We aow wiab to report bri.efl7 only oa area tv • 
the median emine11ce. an4 uea III 111 tile posterior clonal hypotba1811Ua. 
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The animals Which wera irradiated in area lV, the resion of the 
med.ian eainence, frequently 4evelope4 leeiou which raatcbe4 in appearance 
the contour of the irradiated area. ln the cencer of the region, complete 
nec~aia and liquefactlou hacl occurre4, an4 at the edge oaa coul4 often 
observe microscopically a abal'p reaio• of &emarcatioa between reasonably 
normal•eppeartna tissue and. complete necrosis. Aft example ia shown in 
Figure 10. A detailed time•doee study of the histological chaft&ea ia in 
prosreae. Physiological cbaagea in the animals are frequently observed 
evea before evidence of complete necrosis. Vith time, the lesions may 
apreacl to other regions in the brain aloaa cba1Ul81s of vascular supply 
or nerve trunk daaeneration. The meet 1mme4iate phyaioloaical chanaes 
obaerved. in these antmela ware polyuria and polydipsia. increased food. 
intake with transient hwerpuaia, glycosuria, regression of the testes 
an4 thyroid aaetaboU.em abnonae.lity. The ud.ae output increased 1a aome 
all1ma1a to twelve times normal in a period of fifty days. Regresaion of 
the tflstes occsuTred progreeaively with tiale 1 acl in producing thie reault 
tbe hypothalamus seemed more senaitive tbaa the directly irradiated 
pituit&rJ. 

BlAnquet aDd Tobias (17) fouad that this group of antmalo, injured 
at the median eminence, elddbitecl a curious defect ia thyroid. metabolism: 
the iodinel31 uptake of the thyroid remainecl oomal, but the gland seemed 
to fail almoat completely in it. production of thyroxine, although labeled 
•ao.. and dtioclot)'I'OsiM appe&l'ecl in normal aauuata. In thia respect, tbe 
mediaa. eminence irrdiate4 animals eeemecl to d1ffel' from hypophysectomiaed 
ones, which showecl low 4tiiOUI1ta of each amiao aci4. The reeulta of analysis 
a1re shewn in Pipre 11, vhel'e £on excbaqe aulysia of the 41fferent 
1o41nate4 COUipO\U\cla wae uaocl to obtaill a c:tuentitative Masure of each 
preaeat in the thyl'Oi4 h7clrolyaate. This effect, which baa been produced 
l'epeateclly, may eveatully lead to the i4ont1f1cat1on of 110re than one 
pi.tuital'J thyrotropic hol'IIOnO and to the better underatancli.q of tho 
mechaaism of byperpba&ia. 

Irradiation of area III, in tbe posterior hypotbalamua, led to a 
retarded. clevelopmen,t of bone atOwth as well as to clecreaeed rate of bocly 
weipt gain. as shown 1a F:l.pl'e 12. At the eaaae tilae* a4reuls, thyroid• 
and soneu were tleveloplq at aearlJ noaaal l'&te. The first exp14llAtt.on 
might he that the hypothalamic ••appetite centeru is diat\lned. Howver1 

the uappetite enter•• was D.Ot in tile radiation field. Thus there is a 
possibility that the lesion ba4 to cSo with control of arovth aad produc:tiou 
of gl'ftth hormone by the pituital')' gland. 'lhorell, vorkiq wt.th us. 
studied the pAtbolo&J of the pituitary gland an4 fO\mCI that the pituitary 
aci~hilic cella of the irradiated croup were almost entirely depleted 
of their granule• aad thoae cella would not show the ataialq reaction so 
characteristic of ac:i4ophilea. Thus it appears aa though irradiatioa of 
the posterior hypothalaaue would leacl to i_,airecl bone arowth and lese 
weight pin. Mora work is beina 4one on tills prohla at the present. It 
is apparent that irra4iation of aeveral hypothalarate areas can influence 
srowth rate, and some of thue areas are so close to the pituitary itself 
that part of the effect might be caused by direct pituitary radiation. 
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In 1iS4 ve tx-4Mlteci 60I8a clop Wi.Cll metaetatlc ,.,..,.t'J atienocatc1ooma. 
&1rins thea tiaale doses of pituitary re&U.. Of t.S ard.malfl eo t~eatod, 
objective ~.U~oa vaa ebtal.ue4 in s. aa lllGaeured b7 the 4Uametel' of tumor. 
OM of tbue aal.mala, 11\ ttM.cb tbe cU.eea•e • .....,_ to •• al'l'eate4. U.ve4 
for thne yura • aa4 at 4eat.h aoae of bezo metaaeaaee appeared active. 

fllOfON AND HBLXUM ION Bl'IOPaYIICTOMY Ili IWfMAB.Y C.ANCD 

a-an appU.catieo of hi&b eaerg pcotfma waa lt.UtU.tecl 1ft 1954 b7 
1r:s-Miat11l8 the hJpoplayaea of 26 patieata vbo ha4 advaaoed IMtaaC&ttc 
m81111&'7 card.uma. The me~ocl was aacriMd at the Geaeva coDfereuce la 
19.55 (18)• aacl a 110ft 4eta11e4 repol't baa rec•tly beeR pubU.ahect (19). 

tecMkM· tile 11\CGual beam of tile 184•1Mh cyctlot..,.a La at 
pc-eHDt 4ef1ecte4 by tile 1118Mtlc nseoeraUoa •tbod• mapetlcally sorted 
au4 focued 11\to an appnxiwtely parulel etnam of partie lee • attlri.q 
at t1le meM.cal eapoe,ue rooa about SO '"' f'COID the cyclotl'oa. ·TheJ beam. 
vhlch wu precoll.S..ted to altout 3/4 lach diaaeter • is thea ebapecl by 
pueiq thnu&h a ltraaa ape~rtue wh.l.ch baa ben 1atividua11y 4ee1pe4 for 
ucla patient. 'l'be electrical Ml'ltft ~~ tbe beam u acc)urately kept oo a 
hJpothet1ca1 axte mtmtaa parallel to aa optLcal bench. Allgmaeat of the 
object to be 1tra41ated wtth t._ heaa is aecomplubed by th .. uee of two 
41aauet1c x•ray me.cld.aea. mountefl at right analea to each other. 4s a 
taolte aay part of a amul or 1uaan hotly _, be expoae4 to ay shaped 
area of the parallel beat. Wbile the beam 18 •• the bo4J 1U7 be rotated 
arooua4 the center of the inatiate4 area. A pboto1rapb of tlae apparatue 
ia abow 1n Pf.aun lS. fte pl'OCe4ure has beea areatly apeec1e4 up by \188 
of x-rq televi.alon taaae -.U.fi.en for aU.pmeat aD4 for checkiaa 
alilfti'Wil't fkariaa the J:Otatloa of the pat1eata. In 1957 the Bel'keley 
184•1Dclt. cyelotr:oa was re"-ilt, aDCl lt nw opentes with 900 Mev ue" i.oae 
aa well aa wttll 450 Me9 del.tterena aDCl 700 11ev protoaa. !be raase of the 
heliura 1cma 1ft , ..... is Uovt 22 alcm2. aile the 4ntenae puet:nte 
about twice as far 4ad the protoae atop at 190 s/cral. The IIUII lf..oear 
eaeqy tl"aufer of helium ioaa ie about 15 II8Y i:a2 g•l, Oi' qutte &1ailu 
to 111\ear ene'J!'gy tranafer of secondary e1ectton4 from a 250 kev x-ray 
machtae. 

ln the first aeri$a, l6 patlents with ~astatic braaat earclaoma 
rae1ve4 pttultal:)' pntoa 1nadtatf.oa. theae patients weft careflally 
eelectM. with rupect to the preaeue of pro,rcaei"'e •taetatS.c lea toM. 
In all these cases • gener•lly aceepte4 fotme of aUTatcal c4 ra:clil.oloa1cal 
treatmertt had been adminletered previ.Gualy aa4 the responses cf the patients 
to palltattve proee4ures aueh u oopborect0117, a41:'cnalectomy, an4 tm4oer1u 
thft'apy wore evaluated. Twenty--three of the pnt1Gato bad previous 
mastoc:tomr. 19 oophore~tomJ, and 16 b1latual cutrenalect0111. ttso-thl.ru 
of .Ul patl.eat.e were la a rapitt17 failiaa stase of the1t: tti.eeaae at the 
ouot of pituitary ittadiat1on and could be clused as tenuin.a.l. 
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Proton irradiation wa• given in fractionated doses throe times a 
week. Since protons have never previously been usecl to i-rradiate a luamac 
l>eing and we had 1t0 direct knwledse of the pituital')' radiosensitivity, 
the tnit141 patients were treate4 with conservaU.voly low doses over a 
protraeted time period. In or4er to obtain evidence of the 4egree of 
pituitary damage obtained, the patients were 41v1tlect into three groupe, 
reee1v11\fJ 13,000 to 20,000 rad, 20,000 to 26 1000 rad, and 30,000 red, 
respectively, '*nomiaal n clcse. Theae "noainal" closes were the amounts 
delivered to the geometrical ceatel' of head rotation, that is, the ceater 
of the pituitary gland. Tbe beam, eheped to fit the sella turcica in each 
1n41v14ual, entered the head laterally) body positionina and head rotatioa 
achteve4 a very rapid fall-off of the dose outaide of the sland. A tyPical 
three dimensional isodose distribution plot as measured by Welch ia given 
ia Figure 14. The greateY part of the optic chiasm, the median hY[)othalama.ae, 
ancS aaeacephalon were tntantionally avo1cled tn irt&diation. As the 
subsequent cltnteal, phystologieal, aud ~tholosical ovicleaee indicate, the 
hypophysis ta destroyed as time progreasos after radiation exposure, with 
higher doaea accelerating the proceae. Objntive evidence of deereued 
pituitary fuactf.on ws given by variove lll9Mures. Decrease ill pitvital')' 
gonadotropins (Figure 15) an4 thyroid tl31 uptake (figure 16) seemed aost 
ef.pificant. The radiation caused progYesaive cytolo&f.cal destruction in 
the hypopbysie. Several weeks after receiving the )0,000 rad dose, one 
pituitary had regressed so profoundly that oil autopsy less than an estimated 
S*!.. of the cella remained. the prognssive development of the atrophy of the 
gland is illustrated by Figure 17. The sequence appear• to co~iat of a 
latent period during Which aorphologlc changes ere mild. This is followed 
probably in several .-eka by extensive ~ut eubtotal aecroeis. The cells 
loae thetr stainins ab11ity1 develop cytoplasmic aa4 nuclear vacuoles. end 
c!.,elop fragtllel\te4 an4 cl\aPed pytmottc nuelet. Later • when the debris 
bas been removed the atan4 atrophia$ and fibrous tissue predominates. 
Parench)'ll&l cella, however. atUl can be identified. they are pykoot1c 
ami presumably nonfunetivning. They tend to ba ~4 at 011e or another 
margine of the gland. 

ln view of the aeneralize<l utun, a4vace4 atete ancl rate of prolf;eea 
of the metastatic ll'18lllnlll'f earetnoma at the time of treatment, one could not 
expec.t very cbematic prolongatioa of life of the pat1-.t. It 1$ believed 
that 10 of the 26 patients bad objective remieeioas for varioue duratioae 
of time. Of these. 7 occurred among 13 patteate treated at the biaher 4oae 
levels and 3 amona 13 pat14hltl with doses of 20.000 rad or below. one 
patient ia still in soo4 r~eelon 2-1/2 years alter ra41ation. Objective 
rend.esions involved regreea1oa of intraabdoratnal cs.rc1nomatoa1s, bone 
lesiona, primary breaat tumor&; aad. lung and ald.a les1orus. No benefit was 
seen in patients with liver or brain metastases. The poaU.rradiation 
period was remarkably free of adverse secondary effects. Symptoms of 
endocrine daficieneiea could be corrected by admlniotretion of ho~n• 
replacements. Three patt•t.e developed diahotes insipidus, which waa 
managed satisfactorily. Third, fourth, and sixth cranial nerve palsies 
have been observed at the highest doses given. However, these remained 
stationary or improved with ti~. Ono patient, treated at 30,000 rad. 
developed occasional uncinate fits which have been satisfactorily controlled 
by anticonvulsant therapy. 
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In October, 1957 1nveatf..sative uerapy of llaMaTJ carcinoma was 
aaatn 1utitute4, uatas 900 Mev alpha partie lee. We hope to lrracU.ate a 
eufficient IaUber of patf.nte to aain aome atatlatical tclea of the value 
of tllle proce4ure. A few pat tate with pituitary ...._... and oae with 
a4vance4 diabetes mellttua were also expoaed to pituitary alpha 1rra41a• 
ttoo. It 11 expected that full evalutioa of the patteat pi'O&r• may 
conaume several years. At the date of thia WJ:ltina (April 1, 1958) 30 
patients tn the new aertee have ben trralllieted. 

In &UIIIIIar'J • objective evidence vae obtatae4 to ehow that the course 
of aclvance4 aetaetattc .... 1'7 carcla.oma caa be temporal'117 altere4 in 
some patients by masetve doses of hlah eneqy protou to the pituitary 
alami. these same close& cause pJ:Ogreaaive 4eatl'Utioa of the pttuit&I'J 
and its fW~Ction with a m1at.aua of aclverae ai4e effects. 
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Schematic 41ap-am of the apparatus uaed for Ule heavy ion 1rra41at1ous. The 
beam is first maaut1cally ualysed, thea paese4 throup a lons evacuatecl 
tu))e before it tmpiases oa the 1>io1osical apec.S..ns. Dry molecules and phage 
are exposed within the vacuum chamber~ vet specimeas are exposed in air. The 
vac\JUID chamber is also ued aa a Faraday case. Absorbers mounted in a disc 
are used to control the ranae of the particles. 
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tbe measured ctQea aeetiou for: inactivation of several biologi.cal mater• 
iala as a function of the mean linear energy transfer of tbe irra41ating 
partie lee.+ Data of Sayeg anci Dirge ( 6, 7). • Data of DoDDellan an4 
Morow1t& (20}. .A. Data of Fono al\4 Fluke (10) at Brookhav81'1 National 
Laboratory. b. Data of Pluke at Yale University cyclotron. ~ Data 
obta1ne4 in the present etu4y at the university of California by Fluke 
and Bruatacl (8,9). 
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Pituitary hormones are assumed to be controlled by neural and humoral 
meebanismo frena the hypotbalamue. The en4ocd.ne "target" ol'gena give rise 
to bo1110nal secretioes wader tbe lafluenco of the pitld.ta1'7 boDXlnes. The 
levels of metabolic activity ln some, as yet UDkaown, way feed back to the 
hypothalamus. This latter has also neul'al coaaeetions with upper centel's 
in the brain. 

When any part of thie system changes its level of fvaction, the rest 
of the system ten4a to modify its activity to retun the system to noraaal 
( ''llomeoatasis "). 

Carcinogenic activity is expected from this system wben a part of it 
bas subnormal activity due to subletl\al injury to its cells. Pitu1tal')' 
tumorigenesis following 945 rad dose is assumed to occur on the basis of 
feedback ettmulation of the subnormally active, sUblethally damaged 
hypophyseal U.eaue. 
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FIGURE 4 

Relative increase in tail length snd of body maas as fuaetion of deuteron 
dose to the pituitary slami, measured 18 months followina exposure. 
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Relative decrease in endocrine organ weights 18 months after various 
doses of pituitary deuteron irradiotion. 

-16-



.• 

UCRL-8242 

100 • I 3.5Yt I 20;20 Gland 
945rep • 

~ 
I~ 

15 

(f) 
0::: 
0 5;7. ~ 
:::J 
I-

~ z 
0... 
0 
....J 1.5~ w 
> Gland 
w '~ij 0 

40 
I-z I w 
u I 
0::: I w 
0... I 

20 I 

,' 1;. 
~ 

3/50repg70 ,/ I , and , , 
6300repg22 , , , ,., , ,_,, 

0 -·· .- I 

0 6 12 18 24 
MONTHS 

FIGUltl 6 

Development of pituitai'J tuJDore in aormal rata aucl in rata tbat received 
vartous doses of pituitary deuteron 1rrad1at1oD at 28 daya of age. The 
lowest dose, 945 rad, caused pitultar.y tumors in practically all antmals, 
which appeared earlier than tumors in the controls. At high dosee pituitary 
tumors were essentially absent. 
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FIGtJRE 1 

Survival of rata receiving various doses of deuteron 1rra4iation to various 
areas of the brain.. There is an apparent correlation between survival arul 
volume of tissue irra4iate4 as well as dose delivered. 
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PIGURB 8 

Survival of groupe of rats receiving various doses of deuteron irradiation 
to the entire hypothalamus. 
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Supraoptico- hypophyseal tract 

CD nailure of body temperature regula
tion to heat. 
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Lateral view of the rat ~otha14mic region illuatrating the effects of 
bilateral de•truction of various structures. The location of two radiation• 
incluced lea ions is also ebow. 
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P'IGUlB 10 

Tranave~se aection of rat b~o1n at level of an4 lat ral to the median 
~nence showing deMarcated deetructLoa of nervous tiaaue 24 days aft.r a 
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FIGURE ll 

UCRL- b2L!2 

DiagraatS obtained by Lon exchanae chromato~raphy of rat thyroid llydrolynte 
from (a) Normal control, (b) Hypothalamic irradiated, and (c} Sur3ically 
hypophyaectami~ed. Note the relatively low activity conta1ued in the 
&urgically hypophysectomized and the relatively small amount of thyroxin 
found in the hypothalAmic irradiated animals. 
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FIGURE 12 

Rotardatiou of growth in rats receiving deuteron 1rradiatlon to Area III 
of the hypotbalamuG. See Figure #9 for lesion locaU.on. 
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JPlGURI 13 

Patient baiag axpos..S to 900 HeY helium 1oaa at the Berkeley 184" cyclotron. 
No~• the plaetic face maak for holding tbe head, which ie continually in 
p.en4\alua-rotatory 110tton. ~ be• ente11t oa the riaht through the braee 
apertul'e'. 
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FIGUilB 14 

leo4ou curves for pituitary proton 1rracU.at1on in humans. The center of 
the coordinate system ts at the anatomical center of the pituitary. Dl.atancea 
are indicated in mm. 
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FIGURB 15 

Urinary FSH measurements in patients exposed eo various doaee of hypophyseal 
proton irradiatioa • 
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FIGTJU 16 

24 Hour zl31 uptake io patients exposed to various doees of hypophyseal 
proton tnadiation. 
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PIGURIS 17a, 17b, and 17c 

L C RL- 82.t~ Z 

a. Noairradiate4 huau anterior bypophye18, hematoxyU.a eosin stain. 

b. llwaan anterior hypc:>pbyai.a 2 veeka followioa 20,000 red doae to the 
pituitary staine4 as 17a. Acute radiat.icm necroeia 4.8 setting in. 
Rotica nuclear aad cytoplasmic vacuoles aod fragment&, and lo .. of 
selective staiaias ability. 

c. Human anterior hypophysis 14 weeka foll~iD& 30,000 red dose to the 
pituitary ataiaed as 17a. Dead cella fras-ent and completely disiate~ 
grate. Ce.llular .Seb-ria ia aracfually elialinated. Nota the appearance 
of a few viable cells with pyknotic nuclei. 
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