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ABSTRACT

Tlir M o l n g l e n l eft 'rrtn of 'Gf nmitronn IJMVP b*en s t u d i e d

wi th (Mi1ttir<>d C P 1 1 « , and with I n t a c t t l n n u e n . McHHurenents

flvniinble to Ante, of the relative biological effect (HBE)

and of the oxygen enhancement ratio (OER), are •ummarired

mid dincunned*



•3-

INTRODUCTION

The biological effects of Cf neutrons have been studied on

the chromosomal level, with single cell cultures, and on Intact

tissues. Careful consideration of these data 1M required before

embarking on clinical trials, since the relative lack of repair

252

?vifh»ncH after Cf Irradiation products a biologic*! effect

greater than that observed with X and Y ray sources in general

ufte. Additional problems are Introduced alnct tht composition of

the mixed lUHitrnn-y radiation field la a function of source

incnnsulation, depth In tissue, and extent of surrounding hydrogenous

msterfnl. Also, experiments must be conducted at low dost rates ustd

in therapy.

Hie effect of Cf neutrons Is generally measured relative to

the effect produced by Ra or Cs y rays. Im ordtr to obtain

meaningful comparisons, R*»E values must be obtained for the neutron

component alone. For survival curves, tht slope of tht mixed radiation

survival curve can be rtlated to the slope for neutron and y components

alone:
t r.

<n • y) D o (n)

where F and F represents tht fraction of total absorbed doae delivered
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i*y neutrtni* am* fptwrnt r*ya r*J*p«tlvtiy. In general, 0 <v)

n«C h<f known. If ft t* •§*%m*4 that 0 (v) CMMI* B for tht
0 O1

radiation relative to which tilt Si*E It being

calculated, tht equation for RiC rt4wc<w to

D
ML -

n

H««r«, B ^ , «ntt »n + 0 «r* demti from »e«mUtd clcccrotiMgnttic

r#di*tion, «nd eh* *ixed Gf fields respectively, which produce

the tan* end point In the «««• Irra<H«eion time.

JtOATlVE eiOtOCICAL UtKt (HIE)

l pr*ftnen tht I I I «tot* «v«£l*l»l« to ctatt (1) . Where

, tht <i*t« h«t been fMnlpuliitefl to product the RSC for

nruf rann Alone, A* «»tUned above. Until in Table 1 de*fm«tr«to

nn Incrcftftt In 1HC with decrtmiinf doit r«tt*. Howevrr, * co«ti«rlfion

of remittn t* cowpltented hy tht f*ct that itEa can be quit* aenftitivt

to the v ntandard dote rate tiatd. Thia i t caused by repair, a» well

»n possih|«> multiplicity changes. An examination of Table 1 ithow*

thnt RB» uere not alwwyn obtalntfi from the ratio <*£ donen nee«tr«l for

eqtml effects and eq<tal exposure time*. Also, some cultured cel l

survival curvt data indicate a lower RBE than that obtained with

jn vivo efntiut «yi«tems. Whilo this effect could be explained in the

case of HtLa eella by tht ir rt tat lvt ly low capacity for repair , this
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would not explain the KB£ of 3*94 measured with hamster cel l* At

Evaluation of radiation effects on tissue* have given higher

miK*n. WMher* x i i U ' t (mim) sit W»W5 of 5 for swine jejtnmnl trynt

226

c e l l s , wiifrh he extrapolated to approximately ? Cor «* Mt 35

lto<tr« AtkfnN jjt j j . , reported An RUB of 6*6 for pift nkin,

to «•> <it 90 ridw/hotir *
on the hetnopotctlc »y»trw Huve brcn ntudlnrt Hy CJ

In A dtuHy on npl*en colony-forcing abi l i ty the RHR for cillfornttHw

neutronn WK 2.44 coMfMted to gnnMM Irradtiition. Dotfl rates wtrt

10,81 M ^ / h o u r <o + v ) (torn 2 5 2 C f and 4 2 . 9 c«d. /hour from

Thin t* e o n t l t t t n t t 'Uh « toiMwhat lower Ki t for himopolct le t i ^ i u t t

compared t o other t i n due.* for neutron* its ihown by Fie ld*

Hie higher JRBKf nuch a s those obtained wi th t i s a n e * (Fig* 1»

ri»f. 2) or with hamster c e l l s a t 22°C have been used in d e v i s i n g a

dnnage scheme for radiotherapy. Thus i t has been suggested that

R90 rads of Cf neutrons in c l o s e t o 7 daya i s equiva lent t o

6000 rads o f radium y raya i n 7 days* and that the dose r a t e used Co

compute the treatment time necessary t o d e l i v e r the 890 rada should

he : Cf neutron dose ra te + 1/10 (Cf v-ray dose r a t e ) ( 1 ) .

OXYGEN EWaAMCEMEMT RATIO (OEM)

252Another measurement of the b i o l o g i c a l e f f e c t oi Cf neutrons

in obtained by the ratio of doses which give the same effect in the
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nl««s«»ncc nnd presence of oxygen (OER). OER menRiirttme.nts nre of

particular interest, since the rationale supporting neutron therapy

pre-suppoaes that the efficacy with which neutron* act upon anoxic

eel In In greater Chan that of X or v rayt used in conventional

radiotherapy.

Determination* of OKR with CAiiforntitm-252 have been consistent

with other determinations performed with various source* of fast

252neutrons. Since OfJi Is not a sensitive function of the Cf gamma

component, report* have in general been made on the basis of total

dn«e <n + y ) . Hf>«imircMients with californiimi-252 have been Mide using

jirowth of Jticja Jaba seefllings, chromonowe aberrations in Chinese

ce l l s and survival of l>-3flA leuketsis c e l l s , JleU ce l l s and

cel ts (Fig* 2 ) . OW stessurantents (shown in Table 2) show

«Kren*M»nt, with valtien generally ranging from I .A to 2.0.

A trenrl toward higher OKRs Is noted with higher close rates, due presimMbly

to an Increasing contribution from the v component* Clinical experi-

ence to date has been at the lower dose, rates, such that the therapeutic
,.«,. OKR of test radiation » , .^. , ... ,

«Mn factor (W,r - o3ro"f standard"radiatio^ " ( v l t h t h e « » P t i O T « f

the rrcent work by Nfaa jg a j ) significantly greater than 1.

Thus there is good biological evidence for an enhanced effect of

ca1ifornium-252 on tumors because of a reduced necessity for the

presence of oxygen during the period of irradiation.
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jjAZAKi)S

Biological connidrmtionfi nuggcst emit ion in the tine of

cnlifornium-252 Inn hospital environment. Tlic luck of recovery

from rrtinlnr damn*:* due to iipuirmm ronult* hi high valm»« Cor

relative biological pf fectlvnneiw, particularly for tow flo»*»i» am)

low rtn*i» rnfcod • Thin Nltuntfon rxtucw oiitfilrlc thn trentmnnt volume

In Intorntltlnl implants with culiforniim. liiereCore i t in not

A simple matter to extrapolate from the experience with radium

and other gamma sources insofar as effects on non-tumor tiMnue in

rnnrrrnn«}.

Thin In pnrtlrulArfy true, an weil t in nn^enninn tUt* Imxarti*

to personnel who may be exposed to Low doits over a long period of

time. The RBE values for cancer induction (approximately 20) , lens

opaciflcation (10-1000) and genetic damage (20) can be extremely

high and should be ktft in mind in the design of f a c i l i t i e s for

handling and storage* ,
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FIGURE LEGENDS

1. Xltr relative biological effect of californium-252 neutron*,

AS measured by pig skin tolerance (compared to CH or

226
RA for equal i r radiat ion timen).

t* Clilitcnr liamfltcr ct l l turvlvii undir oxyK^itcxl and anoxic

117 2^9
conditlonfl, After i r rad ia t ion by Ci and Cf. OER -

2.5, and 1.7, riipectlvtlyO).



Table 1

Biological systsr

HeLa Cells

HeU Cells

HeLa Cells

Hamster Cells

Ha-aster Cell 3

Hamster Cells

Haxster Cells

Hamster Cells

Ha-nster Cells

Aberration
Frequency

P-38;. Leuka .̂La
Cell;

Ternp,

37°C

30°C

37°e

37°C

22°C

37°C

20°C

22°C

37°c

2S2Cf total
dose rats
(rads/h)

16.0

20

- H

1.27-5.21

1.14-21.6

18

15

167

406-522

200-260

n/Y

for 252Cf
radiations

1.7

1,95

1,7

1.23-1.59

1.23-1.59

1,33-1.7

2,0

1.17-2,0

2.09

1.95

RBS of 232Cr

v Dose

Cs or - ^Ra

31

60

37.3

11,7-52.5

11,7-52,5

37,3

50

100

79

327

R3E
(total
dose)

2.89

2,15

10-5

4.3
<2263U*

3,5

3,5-6,

1.72-2
3.44-4

>.?-•«.

RBS
(neutrons
only)

3,95

2.74

4.38

16-7.7

6,7
35.3 rads/h)

3.94

5,9

7

.28

Author

Fairchild, Drew +
Atkins 1969

Djordjevic, An-iericn
+ Kim 1973

Atkins, FaitGhitd
** Drew 1973

Hall, Rossi •
RoUin 1971

Hall, 1972

Atkins, fairehild
+ Drew, 1973

Hall, Roisin-Tdve
+ Colvett, 1973

Mlas, Howard, Gr«er,e
Major 1973

Bushdna, Ptfi^ad, 3ri-
+ Oliver 19T0



Biota?leal system Temp.

Faba 22°C

Cry?s

Pig S'<in

Mou3<s Spleen Colony

252C
dose rate for ^2C£
(rads/h) radiations

'Cf total n/v
, 252

16.02

43.5

12-53
11.1

10.31

Y Bose
rate af
i3?cs or 226.^
standard

1.32

1.55

1.7

1.32

46.9

160

35-192
50

42.9

RBE
(total (neutrons
dc^») only) Author

6.5-5.3 10 Hall + Fairchlld 1970

3.2

LSI

7.4-
6.

5

'5.4
.6

2^4

Withers,
CUnn

Olivar +
1971

Aekins, Faicchitd
+ Robttftson 1972

Carsten, 1972



Biological System .

Vicia Fab-'i

Hamster Cells

Chromosome

Aberration

frequency

II

ii

P-388
Leukaemia Cells

HeLa Cells

Hamster Cells

II

Tern o.

22°C

37°C

3?°C

30°C

22°C

37°C

20°C

22°C

a Cf total
dose rate
reads/h)

16.02

60.4

167

406-522

200-260

19.4

20

16.5

27.0

18

15

OER

Cf
OER

1.66

1.75

1.76

1.81

2.0

l.SS

1.70

1.4

1.7

1.42

2.18

IABLS 2

of 252CE

Y

dose ra te
(tads' h)

46.9

79

327

300-420

37.3

60.2

37.3

50

100

V

OER

2.02

2.32

2.29

2.6

2.5

2.53

2.S

2.0

1.42

Acute X-ray
exposure

OER

2.7

3.0

3.1

2.4

3.2

Author 1

Bail + Fairehild 1970 !

Bushong, Prasad, j
Briney + Oliver, 1970 \

* • '

11 1973 I
1

Beery, 1971

Drew, Fairehild + Atkins |
1972 !

Djordjevie, Andeeion + Kia '
1973

Bal l , 1972 j

Atkins, Fairchi ' . i ,
+ Drew 1973

Ball , Roi2in-t^vle •*• Colvesc
1973

Mas, Howari, Gzeer.e ana
Major 1973
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