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BIOLOGICAL EFTECTS OF WEGATIVE PIOQNS

SMPMARY OF EXPERDMENT

The biological effects of negative pions at the plateau and at the ceak for
at lsast two different widths (4 cm, 8 cm) will be measured using (1) cells
in culture (T,, V79); (2) early and late effects on mouse foot; (3) tumor
ragression of sarcoma; and (4) tumor cell survival (exposure i{n vivo and
assay ir vitro). A linicted number of fractiosstion experimeats will also be
carried cut. In addition, stage sensitivity variarions as s function of cell
cvcle will be studied using CHO cells at the plateau and pesk for the nearly
nonoenergetic negative pion beanm.

A proposal was submittad to the Nstional Cancer Instituts on "The Pre-
therapeutic Potantial of Heavy Charged Particles,” and it was racommanded for
funding. Some of these proposed studies at LAPF comprise part of the exper-
imants proposed to the NCI. Most of che proposed expariments in this proposal

to LAMPF ara complementary to the ongoilng pretherapeutic radiobiology progranm
at LAPF.
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PROPOSAL INFORMATION

Bean Area: A Ea'st
Secondary Channel: Bionmedical channel
Primary Beam Requirements: > 50 uA

Running Time Raquired: This approximite time estimate was a result of
consultation with Group MP-3 members

Installacion Time Rwequired (o deam): 30 hr tozal
Tune-up Tize: 50 hr total
Data Runs: 200 hr
Schaduling: Theses experinencs will be performed over a one-vear periosd
September 1975 to Septamdber 1976
Major LAMPF Apparatus Required: Standard equipment in the biomedical area
Special Requirements: None

Space Raquired: Call-culture laboratery and animsl radicbiology laboratory
in the biomsdical area
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DETAILED STATEMENT OF THE TXPIRTMENT

- Eeavy charged particles (77, protons, heliun ionsg, and neavy isns) have
‘\ cotential applications in radiotherapy of cancer. The ziolocical effects sucs

as RBZ and OER of taese particles vary with the width ¢f the Bracg peax. The
complamantary nature of these particles can bpe assessed by neasuring tiologizal
effacts of thcs; particles using relatively simpie biological systems under
similar shysical conditions such as the width of the pDeak. There ig currencly
widespread interest ia the use of these particles in radiation therapy but =here
is relatively much less data for comparing the therapeutic potantial o£~these
Particles. A proposal entitled "The Therapeutic Potential of Heavy Charged Parsi-
clas” was submicted to the National Cancer Instituta nearly a year ago, aad It
was recomnanced for funding. Some of the proposad cxpe:im-nés in this proposal
£0 LAMP are part of the NCI proposal. -

The RBZ of 7~ mesons decreases with increasing width of the 3rags peak.
Hence, unlike other radiations used in :;diotho:apy: difZereat correction fac:zcrs
Zor RBE have to be applied when tumors of differsant sizes ars treated with 7
mesons. At least two peak widths (~4 cm, -8 cm) will be usad iz ﬁhi: investiga-
tions. Typical doses that are usad are in the range of 100-3000 rads. Each
expariment will be performad at least twice. These studies are complementary =2

the ongoing radiotherapy program at LAMPF.

1. Cell Survival as a Punction of Depth lrl, v79) :

The radiation guality of T mesons changes as pions travarse mattar and hanca
cell survival measuraments as a function of depth of penetration of T~ mesors are
racessary in addition to dose measurcments. Preliminary meaguremancs were alraady
made at LAIPT for nearly monoenersetic T xzesons (Raju et al., 1374a; Todd st al.,

1974).

HEiT

00133507.004

10ttt



N

Page

Cell survival ceasursmenzs as a function of depth will be measured ‘oz
diffZezent beams and doses. These will be measured using gelatin technizues as

described 2y Raju et al., 127sa.

2. Aercbic and Hvtoxic Tell Survival Curves at the Plateau and Peak.

Cells at a concentzation of 3 x 104/n1 remain oxygana:c#, wnersas celis ac
a4 concentration cé I x lsa/ml becoms hysosic after about 4 hr of gtorage. This
method is described by Hall et al., 197d. Preliminary teasuraments were alresady
made at IAMPF using this technigue ané‘thc results were reported (Raju et al.,
1974a). Cell survival measurenents urder oxvgenated and hygoxic conditions wisl

be made at the plateau and at the peak zositions for diffarent peak widias.

3. Stace Sensitivicy

Variation of radiosensitivity as a function of the celi cycle is one of the
important phencmena in rg?iobiology relsvant to radiotherapy. It is known that
with increasing LET, the variation in radiacion sensitivity in diffesrent stages
bacomes reduced. It is imporzant to know the alteratica in radiosensitive varia-
tions during the cell cycle for T mesons compared to X rays.

We have conducted an extensive stuly of variations of radiosersitivity as a
function of the cell cycle for X rays and alpha particles from plutonium using
CHO cells synchronized by mitetic selaction alone and also by mitotic selection and
hydroxyurea (Raju et al., 1974b). We pPropose to use the same techniques to study
stage sengitivity variations ac the plateau and peax position for T mesons that
ars nearly nmonoenergetic. If significant variations are found, then the experi-
ment will be repeated for broad peaks.

4. Earlv and Latea ©£fects (‘touse Toor)

The skin of one of the nind feet 27 a mcuse is csz=caly used to study the
radiation response while the cthar fo0t serves as a control. The #arly raactisas

O the 3kia and the late resacticns o the Zcot (deformity) aze visuslly observed
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using an arbitrary scale (Focwler, 1263; riald a2t al., 1967;. The skin reac:tic:ns
using a oouse fcot as a model gave the sama RBI 30r neusroas a3 human skin (Fiais
and Horrsey, 1971). Hence, the mouse foot systam is very sractical for ssudving
the hiological effectiveness of T mnaesons.

We have alfnldy performed a seriss of sxtensive experitents with X rays ZJcor
diffqerent trlctio;ation schedules {Rajua et al., 1372, 19735). We propose to measire
RBE at the platsau and peak for two diflerent widtns.

S. Tumor Growth Measurements (XHMT Sarcoma in Mice)

The grzowth of tumors is dalayed with iacreasing doses of radiation. Themiin-
son and Craddock (1367) sujgested that amount of time ZUMOrs take TO SIXew €2 a
fixed gize after radiation treatmant ls a criterian of the effectiveness cf traac-
Tent. This endroint manifests chiefly the cellular resgonse of tumor cells. How-
ever, the gross Zesponse of a tumor is a ccampound effect of ::mné cell killing and
damage to the vascular stroma. Hence, Thomlinson and Craddock cautiorned againss
deducing the effects of radiation in celil killing from the gross response o
tumers. However, t;ma: regression msasurements are useful tc measure the bhiolcgizal
efZectiversss of T mesons. We have data for tais system for single and Iraccionated
doses of X ravs (Raju et al., 1972, 1574¢). We propose to measure the biologic
effectivensss of T at the plateau and reak for two widths. This tumor systen 39S
chosen for two reasons: (1) it is a zapidly proliferating tusor with relatively
few non-cycling cells, and (2) this syscem is being planned t> e used al;o at
Stanford and hence it makes it easier to compare the data.

5. =76 Mouse Turor Cell Surviwval

Therz are very faw tumor systems that are adoprted to greow poth in vivo as weil
as in viers. THTS TuMOr 3YSCams in mice is one of the methwcs deveicpad at Stan-
ford (Rockwell et al., 1372'. This tu=or systenm permits advantages of in Vivo and

i ¥1tre assays. The tumor can te exposed in vivo, tie have aliready dcna
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experilents wizwh Y ravs using this svstea (Raju et al., 197ic). ‘e gropose
t0 msasure tumor cell gurvival for T nescns at the slateau and ceax for wwo
different widths.

This tumor system is relatively a slow gro&ing with relacively large
proportions of g?n-cycli:g cells. This system is also being planned o be used

at Stanford.
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D:A'?is:ribu:ian of YNer=2l and Tuzmsr Cells in Mdcze. M. R, Raje, T. T.
Trujillo, P, F, Mullamew, J. A, Steiniazp, and R. A, Valters. Brzic. J.
Radiel. £7, %05-210 (1374
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Negative Pions in Radiotherapy: A 3rief Paview. M. R. Rsiu., Invited zzonper
at the Sscond lsating on Fundazantal znd Practical Aspects of the Applica-
tion of Fast Neutrons in Clizical Radiotherapy, The ¥ague, Octcber 3-5,
(1973). Europ. J. Cancer 10; 211-215 (1974).

The Bilological Zffects of Negative Pions. M. R. Raju. Invized talk at the
Proceedings of the XIIIth International Congress of Radiology, Madrid, Spain
(October 15, 1973). {(To be publishad in Excerpta lladica).

Soxe Applications of Particle Accalerators and Particle Counting Techaigues
in Biologzy and Radiation Therapy. M. R. Rsju. Invited talk "Procasdings of
the Sycposiua on Advanced Tachnology aArisiang from Particle Physics Resexwch,
held at the Argomne Kational Laboratery, Argonne, Illinois (May 17, 1973).
Argoarce National laboratory Repor:t ANL-8030, page 2.1-2.19. )
Application of Flow Microfluorozetry to Proolsas in Radiotherapy. M. R. Raju,

?. K. Horan, A. Remero, J. C. Martinm, and C. J. Steranagen. Brit. J. Radiol.
48, 65-57 (1975). : '

Turor Cell Icderntification and Saparation usizng High-Speed Multiparacete:
Cell-Sansing Techaiques, P. F, ullaner, J. A. Steinka=p, M. R. Raju, and 2,
K. Eoran. Invited talk "Procsedinzs of the Secord Intermational Symposiun
cn Cancar Lataczion, Bologna, Italy (April 9-13, 1973). (Procasdings to ba
published). :

Brief Commnication: Analysis of Cell Age Distributicn during Ascites Tuzor
Grouth. Y. Maruyana and . R. Paju, J. Nat'l Cancer Iast. 53, 285-287
(1974). .

PAT and OF2 Variacions of Mixturas of Plutonium Alpha Parriclas znd X-Ravs
for Damage to Euman Kidaey Cells (T-1). M. R. Raju and J. d. Jett, Radia-
tion Resesarch 60, 473-481 (1974).

Age Response for Lirns CHO Chizese Hazatar Calls Exposed to X-Irradiation
and Alpha Particles from Plutonium, M. R. Paju, R. A. Tobey, J. H. Jectz,
and R. A. Walters, submitted to Radiation Research.

Pions and Heavy Ions in Radiotherapy. M. R. Raju. Iavized talk "XI Iater-
nationzl Carcer Congress, Florence, Italy, Cectober 20-26, 1974, To be
published in Excerpta !ledica.

Biological Effects of the los Alacos Meson Zean on Cells in Culture. M. R.
Paju, J. Dicello, T. T. Trujillo and . . Xligerrman. Radiological Sociecy
of North sxerica, Chicogo, Illinois, Cecember 1=-7, 1974, Sudmizted for
publicacien.
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Charged Heavy Particle Bezms, M. R. Raju, J. T. Lyman, T. Brustad cz=d C. A,
Tobdias. Chapter in Padiaricn Dosizetrs, editzed by F. E. Attix, C. Roesch
and E. Tochlin (1956%).

Pazticle Irradiation Methods. M. R. Raju, J. T. Lymaza and C. A. Tobizs. A
chapter for & beok in Space Padicbiolozv, edizad by Tobizg and Todd. 1Im
press. .

Phrsical and Efological Aspects of Negitive Pions wich & View to Their Use
in Radiotherapy. M. R. Reju and C. Richmaz. Curront Tenics in Radiation

Resaarch. Editors M. Ebert and A. Eoward. Vol 3, 153-233 (1972).
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