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The biological  rffaeta of neg8tive pion8 at the plateau and at  the Fe& t o t  
at h 8 r t  t v o  differanr v1dt.h (4 cm, 8 cm) w i l l  be seuured ur iag  (1) celh 
in culture (T , V79); (2) arrly a d  lata e f f e c t s  on w l w a  foot; (3) tumor 
n S n S 8 i O n  of& rarcom; r o d  (4) tuwr c e l l  rurvtvd (exposure tn vi70 and 
urap ir. v i t ro ) .  A l i s frad number of fractionation rxperiruntr w i l l  also be 
a r t i a d  out. 
cycle vill ba mtudiad ruiat CBO cells 8f the ? l a t a u  urd ?ark for  the uerrlp 
a o e m r g e t f c  mpat:va pioa beam. 

A proposal w u  submlttrd to th4 S8t lOnd Caucer Inst i tute  on 'The Pra- 
ther8peutic Potantla1 of Hertry Ch8rg.d P u t l C L U , "  urd i c  v u  teconuzaaded for 
funding. Some of t h u a  propoaed r tudiu  at LAWF comprira part of thr 8rcp.r- 
b e n t s  proposed to  the XI. 
t o  U L F  ara complemanraq? t o  tha ongoing pntherapeutic radiobiology program 
at UXPF. 

In addition, stape rmrfcirity orrlarloar u 8 functioa of c.13. 

f 

Pioat of the propoled axpariarats in thir propoaal 
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c Page 3 

Secondary fiurael: Bionedfcal channel 

fnat8llation Tima Uquirrd (no b e a d :  30 hr  tota l  

Tune-up Tim: 50 hr t o t a l  

Data Runs: 200 ht 

Schedullrrg: There esper3entr  w i l l  ba parfomrd ovat a ona?aar ptr iod 

Saptanber 1975 to Sa?tr&er I976 

?!ajar LA\IpF Apparatus Uqufrad: Scaadard a q u f p n n t  in the biomedical area 

S p e c i a l  Raquirenmnts: None 

Space hquirmd: Can-culture laboratorp .ad aaimrl radiobiology laboratory 
in the blomdicrl area 
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c 8eaw charged ?articles (V, protons, h e l i r n  ions, &r.& kea? ixa) have 

,=otu.tial  &?gU:auons ia tadiothtraa o f  cancer. The t i o k q i c a l  etfeCt3 sac: 

as IIBZ and 9%-of -der. p U t i c 1 . r  *:cj w i t h  %%4 w i l t l l  02 the ar&Fg 2ea;C. 

compluruntary na+rue of these prr-icles can be assessed by aouGing Sio logxr l  

ef fec ts  o f  these brrticles using ttlatLvely simpie biological syrtcno =de: 

Tk4 

. 
rimilu _e l i~s ica l  coaditionr such u L!e w i d t h  of t!!e peak. There :r crrrrearly 

videsprerd interent i a  the use o f  these particles i n  raca t ion  t!!era?y but zktre 

i s  relatively much less data f o r  cornpatino t!!e thrsgeut i t  Focas=ial of these 

put ic l er .  A proposal e n u t l 8 d  "The Therapeuric 3otentFal of Heavy a t r g e d  3ar:i- 

d e s *  w a s  submittad t o  the Xation.1 Cancer 1asti:uto nerrlg a year aso, 

w U  recomarrnhd for f-ng. 

+3 Ud9 a r m  p.rt of zhe O C I  proposal. 

1: 

Soou of the pmFOSed wcpe=iamn% in tkir 2roprai  

The Rat of IT' -SON decreases with increasing uidL3 of t h e  arws peak. 

Hence, tz.alike o t !er  radiations used ir, rmiiotherap-1, differmt correction fac==rr 

f o r  3BP have to be ipplied when taumrs of differant rizes u 8  t'eated w i t h  if 
- 

n y r o ~ .  A t  Least two peak w i 0 t h s  (-4 cp, -8 cm) will be u r d  ir: t h i s  invertiga- 

tions. 

W u h a n t  will 5. performed at hut td ice .  

the ongoing radiotherapy prograta a t  ~ a i i p .  

I. C e l l  Ourrival u a Function o f  Dept!! (T ~ 7 9 ) :  1- 

'PnFcal doses that are ;;sad axe i n  the range of 100-3300 rads. Each 

There rtuZitr are  compl+i+ntarj :a 

rui iaaon q u a ~ t y  o f  IT' mesona changer as ?ions travarse mattar and ! x . c s  

00133507.004 



< difFerent bhinu urd doses. 

descrfSeti by U j u  et&, 137Ca. 

2. 

These will 5c measured using gelati.? tettLiiq3cs as 
i 

Aerobic and t?tr,oxic C a l l  Suzzrval cp-ves a t  tke Plateau and ?e&.... 

Cells b t  a pncentrat2on of 3 x 10J/nl r.rmin oxygmated, wnrreu ceLir ac 

a conceriuation 0; 3 x U6/nil Secom hy_sosic after .bou= 4 hr o f  storage. T t i 3  

method is describeti by Ha21 4 t  al., S 7 J .  

aube .E XAmF using t h i s  technique ar.5 t!!e results  veri  reporzed (Zbju at al., 

1971r). 

ba d e  8t the plataau and a t  Lhe peak posrtions for diffarmfit ;e& widtias. 

3. Staae Sensitivitv 

PreUmiauy zmuura=anu were a1reai.f 

Cell survival meuurumnts ur.ta= oxygenated and hy,Eoxic coai i t ians w i l l  

variation of ruiiorenrr:ivtty as a function of the cell cycle is  one o f  the 

hqortant phenonena in  radiobiology relavme to radiotherapy. It is known that 

wit!! i n c r e u i a g  LET, t!!e variation in radiation sensitivi2jr i n  difimrent stagar 

becomes reduced. < ft i s  mortarit to know t!!r alteraticn i n  radiosensitive v u i r  

tionr during the cell  cych for 7-  SON csupued to X zayr. . 

W e  have conduczed M urtenrive r t e y  oL variations o f  radiorewif iv i ty  as a 

fuaction of Lbe cell cycle for X rays urd alFha particles froa plutoaiwn ULng 

QIO c a l l s  synchronized by a t o u c  releccion alone urd also by mitot ic  rdect ion and 

hydroxjurea (Uju  e t  al.* 1974b). We propre to u e  the 011~. techiquer.to rt’&y 

stage sensitivity v u i a t i o r u  ac t!!e platmau and pa& p s i t i o n  for H- amsons that 

are nearly aonoonergetfc. S f  signiticaat variations are  found, then t!!e e.xprri- 

man+ w i l l  Sa repeated for broad p8.kS, 

4. EaZl.1 and Late 2,ffestt (!.!m:se ‘Toot) 

Tha s k i 2  of one of the hind fee t  & ?L muse i t  cs=Liy ured t o  scs&f the 

i 



. 

X o  have rlrarC.f puformed a series of urtensive rxperizwita w i t 5  X r q t  fsr 
* 

different fr8ctionation sct&rrlu C R A ~ ? ~  et al., 1972, 1973). We propose t3 meas'zzt 

3BE at t!!e platoru md p e r k  i o r  ana different w i d t h s .  

3. T u m r  G r W t h  ?lersuremenu (M S u c o n u  in Ute) 

The growrh of t l l=Lors  is Oilayrd with iacreasing doses 05 radiation. Thccllz- 

ron urd C:sd&ck (13671 suzgesud Lha: mount of tine tilll~rs take ca grew to a 

ffxed s ize  rftrr radiation - 3 e i t J . E t  i s  a critarian of 5 e  tifec-Lvecesr of L'eAc- 

dmuge to t!!e vuculu  S L Z .  

deducing -&e r f f a n s  OF radiation i n  cei l  k i l l i n g  frm the gross response of 

eaors. IJOYovet, tumor regression rneu8'umaaU are useful to meas=. the biolcgL=al 

efzecti*rc-.ess of  U' n e s o ~ .  

Hencar TSomlinson and CraddoZc cautioned agaL?s: 

\ 

we have ~ a t r  for  w r  system f o r  single and fraccionattd 

chosen fo r  two reasons: (1) it is a rapidrTj proQferating t *o r  with : a h t i v e i y  

fat non-cycling cells. and (21 t h i o  s)rs:up AS Seing gliurncd t3 f a  uaea also a t  

Stanford and hmca it 0.kmr it easier  to compare the data. 

00133507.006 



m r r J l n u  w a z !  S rays *sic? t_is s y r t u  (-',a et tl., i97;c). ;.le grsposc 

to masum tumor cell orr,rvzvai iar 7- mscns at =tic ; la tam and 2a.a fo r  ;;;o 

different widths. 

I 7 '. . 
?his tuaor systun  i s  zrlatively a SLOW grwing w i t !  ra la t iva ly  larjr 

p r o p n i o r u  of non-cyclizg ca l l s .  

at Stan ford. 

- i s  ryrtun is rlro baing planned to be used . 

00133507.007 



Pie lC .  S. a., Jones, T., and Tkomlinron, a. 3. ! i ? 6 7 ) .  -nL -..a 2slsc:*:s zf,frc=s 

of 'tart Neutrons Uro %-Rays on T u r c r  an& s0-i Tistza i n  L i e  ~ C E ,  B r i = .  

-01. JO. 834-aa. 

1 . :. 

F i e l d ,  3. B. rad Ho-ey, S. (1971,). M E  V r l u u r  for Cyciotzsn xetl tror? f o r  

E f f e c t s  on &mal Tisr-8 and Tumors u a Function of %re and 30s. 

?'tacttonation , Z~arop. J. Cancer 2, 161-169. 
?ouler, J. F., Krrgt, iC.. $llit, R. S., Lindop. P. J . ,  md Berry, R. 3 . .  (1963). 

The f Z e c +  o f  Divided Corer of 15 :4eV Electrana on t!!e Skin Res-,onoe of 

Mlce. 13% 3. Rad. BioL 9, 231-252. 

X d 1 ,  E. J o e  RoZin-TWh,  i- A. U I ~  Cofvett ,  R. a. (19741. .-E and "uEZ D l s t = l -  

bUt i0 -  for m d  CrlifoZhi~~1-252, i l&ioloa E, 399-701. 
RajU, NI. ZVchUetr, 2. F. , HoLfaad, L. M. . and Spalding, ;. F. (1372). 

R~diobio~oq~cal Pilot Inves tigationa for t!!e ~ e g a t t v i  pron W o f i e t a p y  

Proptm. 

o f  t h  LASL Kea-lth Division. LA-S227-?R, ;a3r 68-71. 

Annual Report of +he BiolopicaS ai73 xeclicai 3esaL'ch Grot? (H-4) 

Rayu, M. X., Dicallo,  Z. F. , T r u j i U o ,  T. T .  . urd Kliger=un. ?;. 3. (1974a) . 
Biological Zffecu of the Lo8 A l m s  Xeson 3.- on C e U s  in C x l c A r r .  

?rerantad 8t the ZZMA Meeting i n  Chicago, DeccEber 1-6, 1974r. S+&&ttaa 

f o r  publication i n  R.rdiolocf. 

for L i n e  C I O  Chinese X m n s t u  Cel la  Expored to I-irradiarion ar.C Alpha 

Partichs f r o m  Plutonium, submitted t3 Radiation ?.ese&-C;. 

Raju, M. P. , Arciauleu, 2. I . . and Holljnd,  L. X. (1973~). ?reUaiza=; ZxSerz- 

mnts  in Radiation B f Q i O g y  Related ts the Prei3erapotic 3eqat::'a ?ion 

- 
001 33507.008 
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Frac-konated :oset of x-Zr:a&i&thn. Xa.U ae:crt o f  3ic:.~iizal. and 

EW7i-wrmbntll -5.s4h-ch Program of the u 3 L  ilealth Division, ;;r-383-0R, picas 

120-121. 

IvJcJ(w.II, 5 .  C.. KrLL-Ja. 8. ?. , and F a j u t o ,  L. F. (1972). Chuactcrft*Acr 05 

a S u i p l l y  Transplated ,%use 3lmmary T;rmor &nd fu Tirrur Caltuze-Ada3t.d 

Dorivrtfve, 3. Natal ~ A C U  fnrt. 2, 735-749. 
Thoalhon, R. H. md Ckaddock, E. A. (1967). Tha Gross Rar,?onre of m Sxgert- 

-tal TtEot to S i n ~ l a  %sea of x-aays, axit. z. crnccr 2, 1C8-123. 
Todd, I?- ti. , Shank, C. R- e X4st, G.. IUige-, H. N. an& CLceUo, J. (1974. 

S 3 8 t i l r  D f s ~ 3 u t i o n  o f  Effactr of :Jagative Pions on Cu1t.xr.d iiwua Calls. 

Pzuoncad at *Je RSn :4bbtfng in Ckicago, Deccr?nber 1-6. 1974. Submitted f o r  

publication tn Ra&oloqy. 
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1966 - IS58 Assistacit Professor. 

a-v ?!.Sc* PSysics. - f-1 B.Sc. and 1I.A. Fhysics. 

I 

L 
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2. Polymer Solutioar as Il.Wation Dosezeters, !I, H. mju, Physics in Ifedfcke 
a d  3iology. 701. 10, So. 3 (1965). 

3. Tha Effect  of 3autron Cr9ttura Irrtdiatim upon W1gn.r.t Brain T w r s  it 
IYca. 
2 1 . ~ 0  bdfology Sylqmrfua, 2 ! w  York, Septacber 1364. 

W. E c t z i a ,  A. 3. Soloway, X. P.. Raju, W. E. Sweat urd C. L. E r a x a d l .  

4. Oa the Dosimtrp of Segative Plow with a Tlaw~tovard thair use in Cancer 
, B. Acito,  Si. R. 3@u, B. Swarts aad :!. Vairrbluth. 

SezLanzual Reporr , Spricg  1964. 

5. Pi03 Studies wits Si l icon  Detactors, I!. R, Raju, €I. Aceto &ad C. Iuc5rrm. 
?!uclear Inst-ntr md :-!etSoCs, Vol .  37 (1965)  U2. 

L .  

6. Fluctuations of Energy Loss by Charged Prr:ider in Si l icon Detactor3, E. 
Xsccabee, M. R. Uju, Nucl. Ins:. Xetkods, Vol.  37 (1963) 176. 

! 7.  Itcavy Parrlclr Studies with Silieoa Datsctorr. H. 8. Raju. Iavited 
t a l k  for "k'orkrhop Conforcr.ce on Space hd ir t ion  Dfology ," Scp teabar 

. 1965. Radiation Research, Suppl. L, 43 (1967). 

: 
I 

8. Studies of v i s a  f&? PQot lferirteu Irtzdfctcd with J u- &as. 
A. Richan-,  Clra'im Rie%an, !Iudundi E. lLju and Bernard Schwart:. 
S b p  Coafrrcnc8 on Space Aadirtion Biology," Sapcc*Aar 1365, Ecrkclcy, 
Procatdfng, Radiation Resarrct.l. 

Sccphra 
"Eork 

Su3pl.  L, 182 (1967). 
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li. R. ?aju f 

14. 

u. 

15. 

17 .  

1s. 

19. 

20. 

21. 

22. 

.)- 
&a. 

Lfthfua Drifted Si l icon Cetrctor w e d  JS 8 Pulse Doskater.  
E. J. k t p o ,  S. 8.  Curtfs, J. Sprrinda axid C. Ricbaa.  13th Sucltar 
Scfrnce Syngorf.3 '*kstz*=tatatf2n in S?ccr and Llb3ratory," October 
19-21, 1366 (3ostoa, !~ss.). 

if. B. P ! j s D  

Effect of Tegative Pioar on tha Prolifrrrtive Capacity of Ascftrr T c o t  
Cells ( l ? ? h o ~ ~ )  Crown ,% V ~ G ,  J. :[. Faola, C. Rick.an, X .  A. Tatju, 
S. 8. Curtis and 3. K. Lavrmce. 

Ionization Fluctcatfocs fa Cells and %in %sixcars .  H. 3. Xaccr5ee 
and X.' B. ?aju. 
Biological Iacsrpr8to:ion of Dose fron Accelerator Produced Padiatictr, 
Etrkrlcy, Xarch 1967. 

A rcviev of tke Phyrfcrl Charactrrlrtico of Pica 3.0~1. 
Rickaa, S. 9. Curtis. 
on ~Blolog5co~ Int8rpreta:ion of D o s t  froa Accr1erz:or Pzod-;cad Rodiatic?., 
Barkoley, Hareh 1967. 

E3& o f  ?Trb;aciva Pion Btazs in the 13rcsg Peak Ragior. usir.2 Polyploidy 
fodcction i s  X a ~ L I a n  Ccllr Irredfatrd IC Vivo. W. D. L o u g h n ,  .I. Y .  
Feoir, 21. R. P J ~ U  a d  E. S. 'k'i=:htll. &id. CcS. 3t4, 56-59 (1968). 

Rad. Res. 34, 70 (1968). 

Proceedings of the First  Intrrnatiooal Sy-?oaiua on 

IIealth and Safety TIE-4500, p. 221. 

?f. R .  Raju, C. 
Invited talk f o t  "First I x e ~ a t f o n i l  S)TIF)OS~EZ 

Hcrlrh and Safety TI9-4500, p .  349 . .  

- 
A CrLculsCor. o f  t!m Phy rfca l  C5iractc:istLcs of ::cqative Plon Eems- 
Energy - Loss Xstrf5r:fcnr and froas Curves. S. 2. Curtis, !L R. k j u ,  
Rad. Res. 35, 239 (1966). 

f luctuat icni  of Eaerv Loss by K a a q  Ckrged Fortichs i n  Thin Absor!:=cs. 
H. 0. .Xacc&ea, 1.1. R. Rajt: and C. A. To5Izs. Phys. Rev. - l b j ,  469 (1365;. 

Tfsrco tictivotfca Studies s i t h  c-Tortfclc Cearcr. H. D. :.!accobcc, U. 
!hC!wanath ar.d X. R .  k j u .  Phgs, ;:ad. Blol. 2, 213 (1353). 
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- 
24. Doriortry of A !brans using IZIL:=.n bc:c=:ors u?d Plastic ScL3tlllators. 

>I. 2. Ttju, E. Lucpo, S. B.  Curtis .ad C. P.ich=irn. - 16, 599-610 (1973). 

Hicrodorlhtrt. fat a 7 Meoor. ha. 
U;SC Tecknfcil paper, Xu=iber S-54-I? ( 1 9 6 9 ) .  

Tissue. 

Phytfcrl m d  Radiobiological &psctr of Segative Piom with B.far.net c3 
Radlothrtapy. M. R. k j u  a d  C .  ?.ich=m. Invitad ta lk  for X X I  Xarer- 
national Cor.grerr of k d i o l o g y ,  October 1969. 
graph Xo. 9 (hCiolo$y of Caccer, Ja?c-iese Cancer Associatioa) p .  105-121 
(1970). I 

Dhy. in &r,d 5fol. 

25. A. C. Lccaa, W. ?!. Quoa rad E!. P. P.rju. 

- -6. A ?Sathod for hhpplrrg the Spozical Dirtributfon of StoFpiEp no Earoar in 
J .  Spar ide ,  V. hzez=ZfmadQ:, H. R. Raju and A. J. EKUer. Physics 

in Phdicko a d  Bfology, 2, 643-647 ( 1 9 7 0 ) .  

27. 

Tokyo, Japaa, C h 3  M o ~ c =  

23. RBE and Cih a t  Various points on :5e ? ioCf i l ed  h p t b  Dose Dlstributioa of 
910 ?!ti7 H d i u l  i o n  3aaa us i tg  Cgl:ured Calls (T-1). 2f. R. Raju, M. 
Cnaaapuranf, 'J. :kdkvoaa:h axl J .  T. LJcrc. 
357 (1973). 

p. 9 .  

Acta Pddiologfca, l0, 3f3- 

.. ._ 23. Rtdirtlon 3.erapy f o r  Ciacar. Zf, a. Paju. Science T o d t y ,  Augusr 1969, 

30. Studied of the Eegrtive Pioa 3 e x t  by :bans of P las t i c  Xuclaar Track 
Detectors. E. V. b u t o a ,  S. B. Curtis, N. R. Raju and C. A. Tobias. V I S  
IritarJctiozal Colloqulur 03 Cor:urcul+r fho togropty and Visual Solid State 
Detectors, July 1970 .  Proceedins. to  b e  publfshod. 

3:. Uaconventlon.l bdiazions ir. EaCtot5erapg. M. R. &ju. 1nvi:ad talk, 1 
University of Southern Califcrt.b, Sckool o f  hfcdfcfnc S>n?osfum on X r w r r  
Techniques m d  Techcology in Pkilatherapy and Cncolop;p, June 1970. 
ProcuaakGt to be published. I 

31.  l'aj.ure=m.: of Oxygen a f fec t  and Xolog ica l  Effectfvcncss o f  a 91O-XcV I 

Helfuc ion Scam using Cc1:urerl Cells (T-1). N. R. Roju, 1.1, Cnsaapurmi, 
B. Yar:lris. J. Howard m d  S. Lscan.'Prcsented zt tha radioloCfca1 Society 

33 
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34.  

35 . 

36. 

37. 

33. 

'. 39. 

00. 

- 
C h t o a t i d  Abtrrratfoas InCuced by :: 2.!rsons In Vhia  f d z  root 
Cells. 
Rad. Biol .  21, 49-36 (1372). 

K. Cnanipurazi, M. B. h j u ,  C. itfchxu ard 5. t.:olff. 
1:eri.t c2L 
kzt . Jour. 

vA.rurm*nt 
h j u ,  3, Cnanrpursnf, E. T. Xarrins, C .  Ric!!-- .EO C. W. Batendtm. 
Brit. J. Radiology, 5, 175-131 (19j2). 
E 8 a ~ y  Charzed Particles i n  ZaCiation Iheta7y: 
@pacts. U. R. b j u .  Guest Lecture 8t  Doaizrtrjr Korhhop COILfeteECe, 
Smt Earbora, Calffomfe,  University of b l t f O r n i 8  Lrvrance k d l 8 t f o a  
Laboratcry %port t'CZL-20620 , Febrcary 16 ,  1971. 

bdfolof-crl ?hyricr Ckaractrristict of the %:=acted Xuvy ion  Boa= of 
the Bevatron. 
lkccabee, 11, R. .-jus A. R, S=ltS, J. M. SperAde,  C. P. Relch. 

.=e o a  of T- ?!esoas w i t h  Cultured E-n C d h -  R e  

Physical and Bndicbiological 

C. A. Tobias, J. T. Lyman, A. Chattarjea, J. Eovar4, H. 0. 
Science, - 1 7 4 ,  1131-1134 (1971) - I 

'r Studfar of ttr EZfrcts of a S' 
xi&.+y Cell8 (1-1) iz? rho Trcoonce of A i r  and Yitrogea. 
bs-, H. R. Fajut aad C. A. Tobfcr. 

kf lumce  of Lint.: Energy 1Tttasf.r i n  :he Rcdioreristroca of BcGdir.3 
Ec?loIC Yoast CelLs. 
J. HCy:ord, J. T b  L-, T. I?. !!ameg and C .  :.. TeSias. Radiatior: Rerear:S - 51; 3iO-317 ( 1 9 7 2 ) .  

Survival of E a n  k,qhocyter Follotring Ezqosure t o  Deirely Ionizhg 
Radiation. U. YaC?avana:S, I<. R. Raju, and L. S. Kelley. Fourtacr.th hma1 
E:xford Bio1ob.y Syqosium ".Udiatfoa and tho Lycphrtic Systems'' (Sepcur,Ser 
30-October 2, 1974). 

ion 3eaa 00 thr Survivrl of Cul:u=ed t:.-n 
b. P!artins, R. 

tat-529, 83-92 (1971). 

?I. B. ?.oju, 1.:. Cnoaap~raf ,  E. Stt:klar, U. l!ad5avtaatl:, 

. .  

Proceediqs c,o br pcbl lrbsd.  

4i.' P h y a l c d  w.d Udic5 , lo logica l  U~CCZS o f  ?!esons i n  Radiotherapy. ?I. R. 
Raju. Llwttod taGL Ikrdi aeetlzC of  Acrricm Physical Society i.!catin;;, 
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