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Errata 

Argonne National Laboratorj'' Biological and Tedical Research Division 
Semiannual Report, January through June, 1958, ANL-5916 

p, 93 Legend for Fig. 25 should read "Injury remaining IC days after 
a first exposure to fission neutrons • • • . • • • • • " 

pp. 96 and 102 Figures 26 and 29 are transposed. 
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PROGRESS REPORT: PRELIMINARY STUDIES ON HEMOLYSIN 
FORMATION IN RABBITS DURING LOW-LEVEL 

Co^° GAMMA IRRADLA.TION 

Laurence R. Draper 

The abili ty of rabbi t s to produce antibody has been shown to be 
marked ly suppressed and delayed by a single, l a rge dose of whole-body 
X-radia t ion given one or two days before the injection of antigen, (1) 
Ta l ia fe r ro et 31.(2) have repor ted that the effect of fract ionated doses of 
X - r a y s over a per iod of two weeks p r i o r to antigen injection is the same 
but to a l e s s e r degree than if the same total dose had been given as a 
single exposure . Using the secondary tetanus antitoxin response in mice , 
Stoner and Hale(3) have repor ted that the tenth-day antibody t i t e r s a r e 
dep re s sed following exposure to as l i t t le as 48 rep of Co 7 - r ad i a t i on 
given at a ra te of 4 rep per hour. With g r e a t e r doses given at the s a m e 
r a t e , the depress ion was m o r e marked . 

In the p re sen t work the hemolysin sys tem in 7 - i r r ad i a t ed rabbi t s 
was used for the study of the quali tat ive as well as the quantitat ive 
c h a r a c t e r i s t i c s of the r e sponse . 

Methods 

Albino rabbi t s r ece ived approximate ly 11 r p e r l 6 - h r day and 
were immunized in groups that had rece ived accumulat ive doses that 
ranged from 77 r to 1637 r by the t ime of antigen injection. A group of 
noni r rad ia ted rabbi t s se rved as con t ro l s . Exposure to the 7 - rad ia t ion was 
continued throughout the immunizat ion course which usual ly ended five 
weeks after the injection of antigen, so that , p re sumab ly , r ecove ry and /o r 
injury fac tors would be constant . 

The antigen, heated sheep red cell s t roma ta , was admin i s t e red 
int ravenously in a single dose equivalent to 1,6 x lO' c e l l s / k g rabbi t . 
Serum samples were obtained frequently (2 to 5 samples pe r week) and 
were t i t r a t ed for hemolysin activity using the co lo r ime t r i c techniques 
descr ibed by Ta l ia fe r ro and Ta l ia fe r ro* , (2) The curves yielded m e a s u r e ­
ments of peak t i t e r , the lengths of the induction per iod and of the rapid 
r i s e of antibody in days , the day of peak t i t e r , the ra tes of r i s e to peak 
t i t e r and the apparent half-life of the antibody as m e a s u r e d as a function 
of the slope of the decline after peak t i t e r . 

The author i s deeply indebted to P r o f e s s o r W. H. Ta l ia fe r ro and 
his l abora to ry for ca r ry ing out these t i t r a t i ons . 



Resul ts and Discussion 

Cer ta in modifications of the hemolysin response were observed in 
rabbi ts which had rece ived substant ial doses of 7- radia t ion , The curves 
exhibit what appear to be bimodal and somet imes t r imodal c h a r a c t e r i s t i c s . 
Antibody curves of rabbi ts that had been exposed to approximately 1000 r 
or more at the tinne of immunizat ion indicate some suppress ion of the 
ear ly phase of antibody formation ( i .e . , during the f i r s t two weeks of the 
response) without a suppress ion of the la te r t i t e r s ( three to four weeks 
after immunizat ion) . Thus actual peak t i te r occur red sonrie 20 days fol­
lowing antigen injection in many cases among the more heavily i r rad ia ted , 
r abb i t s . 

In mos t cases the maximum antibody levels at tained by these 
i r r ad ia t ed r abb i t s , d i s regard ing the t ime of occu r r ence , a r e not signifi­
cantly different from those of the cont ro l s . These r e su l t s a r e not n e c e s ­
sar i ly cont radic tory to those of Stoner and Hale(3) who, by t i t ra t ing s e r u m s 
obtained on a given day following antigen injection, observed an apparent 
depress ion of peak antibody t i t e r . 

This delay of peak t i t e r does not seem to be a r e su l t of a genera l 
delay of the r e sponse , s ince the re is no observable lengthening of the 
induction per iod (the length of t ime between antigen injection and the s t a r t 
of the r i s e of s e rum antibody t i t e r ) . In addition, the f i rs t c r i s i s , although 
lower, is approached at r a t e s as rapid as those observed in noni r rad ia ted 
con t ro l s . 

It is suggested that the na ture of the hemolysin r e sponse in rabbi ts 
immunized after 1000 r or m o r e of 7 - i r r ad ia t ion (at 11 r /day ) is s imi la r 
to the r e sponse that might be expected to follow pa r t i a l splenectomy. 
Since the ea r ly rapid r e sponse i s probably the resu l t of the activi ty of 
splenic and spleen- l ike ant ibody-forming s i t e s , the suppressed ear ly phase 
of antibody synthesis in the major i ty of the rabbi t s that rece ived 1000 r or 
m o r e appea r s to be a pa r t i a l inhibition of splenic activity. The l a t e r 
r e sponse (the th i rd-week peak) be a r s a r e s emb lance to that formed by 
nonsplenic s i t e s . Whether this l a te r act ivi ty is due to the re la t ive r a d i o -
r e s i s t ance of nonsplenic s i tes or to a genera l r ecove ry of mechan i sms of 
antibody synthesis even with continuing i r r ad ia t ion r ema ins to be 
invest igated. 



9 

References 

1. Ta l ia fe r ro , W. H,, and L. G. Ta l ia fe r ro . F u r t h e r studies on the 
radiosens i t ive s tages in hemolysin formation. J. Infectious Diseases 
95:134-141 (1954), 

2. Ta l i a fe r ro , W. H,, and L. G, Ta l ia fe r ro . The effect of repea ted doses 
of X rays on the hemolysin r e sponse in rabb i t s . J. Infectious 
Diseases 101:85-99 (1957). 

3. Stoner, R. D., and W. M. Hale. The depres san t effect of continuous 
cobalt-60 radiat ion on the secondary tetanus antitoxin response in 
mice . Radiation R e s e a r c h 8:375-387 (1958). pp. 438-448. 



P R O G R E S S R E P O R T : THE USE O F IBM E Q U I P M E N T 
TO A N A L Y Z E BIOLOGICAL DATA 

Joan M. G u r i a n 

The r e c t a n g u l a r a p p r o x i m a t i o n to the so lu te d i s t r i b u t i o n ( C / C Q ) in 
a s e c t o r - s h a p e d ce l l y i e l d s the fol lowing e q u a t i o n ( l >2) 
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A p r o g r a m for the IBM T y p e 650 c o m p u t e r h a s b e e n d e v i s e d to 
e v a l u a t e C / C Q and i t s d e r i v a t i v e for any g iven va lue of a , T, and y. T h e 
p r o b l e m w a s b r o k e n up in to s e v e r a l s e c t i o n s : 

1, C a l c u l a t i o n of q u a n t i t i e s d e p e n d e n t only on a : f(ci). 
2, C a l c u l a t i o n of q u a n t i t i e s d e p e n d e n t on a and r : g(a ,T) . 
3 , C a l c u l a t i o n of q u a n t i t i e s d e p e n d e n t on a , T and y : h (a ,T ,y ) . 

The l a r g e s t n e c e s s a r y v a l u e of m w a s d e t e r m i n e d by the c o n ­
v e r g e n c e of t h e s u m m a t i o n to a p r e s e t £, By j u d i c i o u s p a c k a g i n g of 
c o m b i n a t i o n of ct, r and y , f r e q u e n t r e p e t i t i o n of e v a l u a t i o n of the s a m e 
q u a n t i t y for the s a m e c o n s t a n t s could t h u s be a v o i d e d . A c o n d e n s e d 
s c h e i n e of t h e p r o g r a m i s shown in F i g u r e 1. 

T h e p r o g r a m w a s w r i t t e n u s i n g the I B M S y m b o l i c O p t i m a l 
A s s e m b l y P r o g r a m (SOAP) and the SOAP I n t e r p r e t a t i v e Rou t ine (SIR). 

T h e p r o b l e m w a s s u g g e s t e d by D, Y p h a n t i s . 
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CYTOLOGICAL STUDY OF TARTARY BUCKWHEAT 
(FAGOPYRUM TATARICUM (L.) GAERTN.) 

GROWN IN C^^ CARBON DIOXIDE 

Miguel Mota* 

A few plants of Fagopyrum t a t a r i cum (L.) Gaer tn . that had been 
cultivated in a sealed chamber containing C^*-labeled CO2 were studied 
in o rder to find cytological abnormal i t i es induced by |3-radiat ion absorbed 
in ternal ly . One plant grown in a s imi l a r chamber but exposed only to n o r ­
mal C CO2 was also studied as a control . The plants were studied at the 
age of 41 days . 

A few no rma l mi toses were found in young leaves and somatic 
t i s sues of the an thers of the control plant. No divisions were found in 
about 30 p repa ra t ions made of s imi l a r t i s sues of t r ea t ed p lants . No 
meios i s could be found in any of the buds, fixed in Carnoy fluid, of all 
plants studied. 

It seemed that flower buds of t r ea t ed plants were physiologically 
m o r e advanced than those of the control plant , possibly a consequence of 
the "aging effect" of radia t ion. 

Pol len gra ins were found in both t r ea t ed and control p lan ts , 
general ly healthy looking, although somewhat i r r e g u l a r in s ize . As the 
f i r s t s l ides made gave the i m p r e s s i o n that the re was some difference 
between size of t r ea t ed and unt rea ted pollen g ra ins , it was decided to 
m e a s u r e the l a r g e r d iamete r in a sufficient number of pollen gra ins in 
t r ea t ed and control m a t e r i a l . This proved to be fruitful, as the s ta t i s t ica l 
dis t r ibut ion of that d iamete r is different in the two samples . 

F ive hundred and th i r ty six pollen g ra ins from control plants and 
312 pollen gra ins from t r ea t ed plants were m e a s u r e d . The m e a s u r e m e n t s 
were made on photographs obtained by project ing the image from the 
mic roscope d i rec t ly on bromide paper . The l a r g e r d iamete r was m e a s ­
ured and the r e s u l t s a r e desc r ibed in F igure 2. The re is a c lear shift of 
the curve of f requencies of t r ea t ed plants to the r ight , which means a 
higher propor t ion of pollen gra ins of l a r g e r d i ame te r . The shape of the 
two curves is a lso different. 

As me ios i s could not be studied the re is no information as to the 
causes of these differences. It is a s sumed , however, that l a r g e r gra ins 
a r e the resu l t of higher than normal ch romosome n u m b e r s . This may be 
a consequence of heteroploidy caused by radia t ion. If polyploidy (or 
other forms of heteroploidy) was induced ea r ly enough this would eas i ly 

*Resident R e s e a r c h Assoc ia t e f rom Es ta9ao Agonomica Nacional , 
Sacavem, Por tuga l . 
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accoun t for the r e d u c e d n u m b e r of 
po l l en g r a i n s of s m a l l d i a m e t e r . 
C e l l s wi th c h r o m o s o m e s n u m b e r s 
l ower than n o r m a l w e r e p r o b a b l y 
nonv iab le and did not r e a c h 
m e i o s i s . 

It s e e m s a l s o tha t t r e a t e d 
p l a n t s f o r m e d f a r f ewer po l l en 
g r a i n s than the c o n t r o l p l an t , 
a l though no f i g u r e s w e r e r e c o r d e d . 
It i s . h o w e v e r , a l s o an e x p e c t e d 
c o n s e q u e n c e of r a d i a t i o n . 

In f u r t h e r e x p e r i m e n t s it 
s e e m s a d v i s a b l e to a t t e m p t to 
s tudy m i t o s i s and nne ios i s in 
y o u n g e r p l a n t s . F a g o p y r u m . h o w ­
e v e r , i s not a f a v o r a b l e p lan t for 

such a s tudy b e c a u s e i t s c h r o m o s o m e s a r e s m a l l and do not s t a in v e r y 
e a s i l y . P l a n t s wi th l a r g e r c h r o m o s o m e s would p r o b a b l y be m o r e s u i t a b l e 
for the s tudy of c y t o l o g i c a l a b n o r m a l i t i e s induced in the cond i t ions of the 
e x p e r i m e n t . 

1 
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L ^ 
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1 1 i 
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Figure 2. Frequency distribution of diameter of 
pollen grains of Fagopyrum tataricum 
(L. ) Gaertn. 



ELECTRON MICROSCOPIC OBSERVATIONS ON NUCLEI 
IN THE OVOTESTIS OF A PULMONATE SNAIL 

L. E. Roth 

The numerous p rob lems in spermatogenes i s and yolk formation have 
been studied intensively by light m i c r o s c o p i s t s , but it is only recent ly that 
the e lect ron mic roscope has been uti l ized in an effort to unders tand the p r o ­
found nuclear and cytoplasmic changes which take p lace . Pulmonate snails 
offer choice m a t e r i a l for such an e lec t ron mic roscope study. Ovotestes 
were d issec ted from the snail Otala vermicu la ta , fixed in buffered osmium 
tetroxide with sa l ine , embedded, and th in-sec t ioned for observat ion in the 
RCA EMU 3A elec t ron nnicroscope. 

Nuclei of spermatocy tes in meiot ic prophase and metaphase have 
chromosomal co re s composed of one smal l fibril (13 mju in d iameter) equi­
distant from two l a rge r f ibri ls (30 mfJ. in d iameter) (C in F igure 3A); these 
f ibr i ls thus form a r ibbon-l ike s t ruc tu re about 175 mjJ- wide which is s u r ­
rounded by chromat in m a s s e s containing sma l l e r f i laments with a tubular 
c r o s s section 3 to 5 mjLi indianneter . In some prophase s t ages , the co re s a r e 
at tached to darkened a r e a s of the nuclear m e m b r a n e . In the late spermat id 
when the chromat in has a m o r e regular a r r a n g e m e n t , 3 - to 5-m/i f i laments 
or sheets with a l e s s dense m a t e r i a l surrounding them a r e observab le . 

The nu r se cell nucleus (N in F igure 3B) typically has l a rge chromat in 
m a s s e s many of which contact the infolded nuclear m e m b r a n e ; the nucleo­
p lasm is composed of fine, f i lamentous m a t e r i a l with occasional clumps of 
m a t e r i a l of higher e lec t ron density than the c h r o m o s o m e s . A la rge yolk nu­
cleus (Figure 3C) is p re sen t at the t ime of appearance of ear ly yolk granules 
(Y in F igu re s 3C and D), Five s t ruc tu ra l components a r e p resen t in the yolk 
nucleus and show modifications co r re l a t ed with the p r o g r e s s of yolk granule 
formation: l a rge ves ic les up to 1,5 jJ. in d iamete r (V in F igu re s 3C and D), 
dense homogeneous granules up to 0,3 [i in d iameter (G in F igu re s 3C and D), 
a homogeneous f ibr i l lar component about 16 mjLt in d i ame te r , a finer f ibr i l lar 
component forming a r a the r coa r se network (A in F igu re 3C) at ce r ta in 
s t ages , and a fi lament which m e a s u r e s 30 m/i in d iameter and which has a 
tubular c r o s s section and a l adde r - l ike appearance in longitudinal sect ions 
( T in F igure 3D). The sequence of events in yolk granules in the cytoplasm 
proceeds from spher ica l ves ic les (Y in F igu re s 3C and D) to a m o r e densely 
packed ves ic le to a ve ry dense ves ic le to , finally, the breakdown into smal l 
units local ized in regions of developing ge rm cel ls or young yolk cel ls (S in 
F igure 3B) which have absorbed the m a t u r e yolk g ranu les . 

F u r t h e r observa t ions will be d i rec ted toward cor re la t ing yolk granule 
changes with yolk synthes is , studying the cy tochemis t ry of the yolk nucleus and 
g ranu les , and extending these observa t ions to other pulmonate snail spec ie s . 
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Scale markers on figures represent 1 M. 

Figure 3A. Spermatocyte in meiotic prophase. 
B. Early yolk cell. 
C. Yolk cell showing yolk nucleus and young yolk granules. 
D. Higher magnification of yolk nucleus and young yolk granules. 



ELECTRON MICROSCOPE OBSERVATIONS OF 
AMICRONUCLEATE TETRAHYMENA PYRIFORMIS 

L. E, Roth and O, T, Minick 

The unique posit ion in ci l iate nuclear phenomena occupied by the 
amicronuc lea te s t r a ins of Te t rahymena has not been investigated cyto-
logically; despite th i s , a voluminous l i t e r a tu r e has accumulated on studies 
utulizing these o rgan i sms for a var ie ty of invest igat ions . The following 
repor t is a beginning toward improving our knowledge and desc r ibes 
macronuc lea r as well as cytoplasmic changes which may be re la ted to 
s tages in the division cycle . 

Organ i sms of s t ra in W from axenic cu l tures in active growth were 
fixed in buffered 1% osmium te t roxide , embedded in me thac ry la t e , and 
sectioned at 1/40^ for observat ion in the e lec t ron m i c r o s c o p e . 

In some of the o r g a n i s m s , the macronuc leus is composed of nu­
m e r o u s dense bodies 0,3 to 0,5 jU in d iameter which a r e probably nucleoli 
(N in F igu re 4A) and sma l l e r bodies of lower e lec t ron density (C in F i g ­
u re 4A) embedded in a nucleoplasm of finely granular and fi lamentous 
m a t e r i a l ; a double- layered m e m b r a n e is p r e sen t . In the cytoplasm of 
these o r g a n i s m s , the mitochondria a r e usual ly densely packed with tubules 
(M in F igure 4A); l i t t le endoplasmic re t icu lum is observed . 

However, in many other o r g a n i s m s , the lower-dens i ty nuclear 
m a t e r i a l is aggregated into an i r r e g u l a r network (C in F igure 4B) s u r ­
rounded by a c lear nucleoplasm; the nuclear m e m b r a n e r e m a i n s continu­
ous though it may be separa ted from the network by a wide space . 
Numerous smal l dense granules about 50 mjLi in d iamete r a r e i n t e r s p e r s e d 
in the network (G in F igure 4B). The nucleolus- l ike bodies r ema in (N in 
F igure 4B) but frequently a re observed grouped in local ized regions of the 
mac ronuc l eus . In these o rgan i sms the mitochondr ia (M in F igure 4B) a r e 
cha rac t e r i zed by c lear spaces separa t ing the tubules and by dense i r r e g u ­
la r cen t ra l m a s s e s (MM in F igure 4B); mi tochondr ion- l ike bodies a r e a lso 
seen which lack the typical tubules (ML in F igure 4B). In addition, endo­
p lasmic re t icu lum with at tached granules is observed (E in F igure 4B) in 
l a r g e r amounts . 

F u r t h e r s tudies will c o r r e l a t e these observa t ions with the events 
of mi tos i s and re l a t e them to s imi la r ones in mic ronuc lea te s t r a i n s . 
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Scale markers on the figures represent 1 /i . 

Figure 4. A. Section of a portion of the macronucleus of Tetrahymena pyriformis 
sttain W including a small amount of cytoplasm. 

B. Section of another organism from the same preparation, illustrating 
alterations in macronuclear morphology and cytoplasmic components. 



COMPARATIVE CARCINOGENICITY OF Ra"^. Sr ' ° . AND Ca*^ IN MICE 

Mir iam P . Finkel and Birute O, Biskis 

The carcinogenic potency of a radioisotope is dependent upon its 
physical and biochemical c h a r a c t e r i s t i c s . Fo r example , a - r a y s a re m o r e 
effective than ^ - r a y s , and m a t e r i a l s with a long biological half- t ime a r e 
m o r e effective than those that decay rapidly or a r e quickly excreted.(1) 
Many of the factors respons ib le for the actual dose that e l ic i ts the neo - ' 
p las t ic r e sponse cannot be invest igated independently because isotopes with 
the n e c e s s a r y c h a r a c t e r i s t i c s do not exis t . However, ce r ta in comparat ive 
studies a r e poss ib le with those that a r e avai lable . Ra^^ . Sr '° . and Ca 
were selected for study because they a r e s imi la r chennically while some 
of their physical p rope r t i e s differ substant ia l ly . Their excret ion r a t e s a r e 
much the same , and that pa r t that i s re ta ined by the body is fixed p r i m a r i l y 
in bone c rys t a l . However, rad ium is an a - e m i t t e r , and the other two nu­
clides a r e | 3 -emi t t e r s . Ca^^ has a re la t ively weak /3-ray and a re la t ively 
short half-life (Table 1). Sr '° has a much longer half-l ife, and its Y ' ° 
daughter decays in a ve ry shor t t ime with the emiss ion of a strong j3-ray. 

TABLE 1 

Phys ica l c h a r a c t e r i s t i c s 

Isotope 

Ra"6 

Sr9° 

Ca*^ 

Energy and 
type of 

emiss ion 

4.18 mev a 

0.54 mev ^ 

0.25 mev j3 

Half-life 

1620 y e a r s 

28 y e a r s 

155 days 

Subsequent radiat ion 

5,49 mev a from radon 
(3,8-day half-life) fol­
lowed by 2 m o r e 
a - e m i t t e r s in severa l 
minu tes . 

2,18 mev/3 from Y ' ° 
(64 hr half-life) 

None 

P r o c e d u r e 

C F No. 1 female mice rece ived a s ingle, in t ravenous injection of 
an isotonic solution of Ra^^^Cla, Sr'°Cl2, or Ca'*^Cl2 when they were approx i ­
mately 70 days old. The Sr '" was in equi l ibr ium with Y ' . The exper imenta l 
design is given in Table 2. The an imals were pe rmi t t ed to live until 
moribund, when they were killed with sodium pentobarbi ta l and examined 



for g r o s s and m i c r o s c o p i c e v i d e n c e of d i s e a s e , Specinnens of sp ine and 
long b o n e s , a s we l l a s any a b n o r m a l a r e a s d e t e c t e d on r o e n t g e n o g r a p h i c 
e x a m i n a t i o n of the s k e l e t o n , w e r e t a k e n for h i s t o l o g i c s tudy . The da t a 
p r e s e n t e d h e r e i n c l u d e only o s t e o g e n i c s a r c o m a s . 

T A B L E 2 

D o s a g e and n u m b e r of a n i m a l s 

Ra^^^ 

D o s e , 
c / k g 

4170 
2080 
1040 

762 
521 
288 
100 

50 
28.8 
12 

6 
3 
1.2 
0 .6 

T o t a l 

N u m b e r 
of 

a n i m a l s 

13 
15 
30 
30 
30 
45 
45 
45 
60 
75 
90 
90 

105 
120 

793 

Sr'° 

D o s e , 
c / k g 

9330 
7000 
4500 
2200 

880 
440 
200 

88 
44 

8.9 
4 .5 
1.3 

N u m b e r 
of 

a n i m a l s 

15 
30 
45 
30 
45 
45 
60 
75 
90 

105 
120 
150 

810 

R a d i u m c o n t r o l s 
S t r o n t i u m and ca l c iu i 

C 

D o s e , 
c / k g 

49 .600 
25,000 
12,100 
11,200 

5,600 
1,100 

560 
110 

55 
16 

m. c o n t r o l s 

To ta l 

â ^ 

N u m b e r 
of 

a n i m a l s 

10 
15 
10 
26 
42 
45 
60 
75 
75 
90 

448 

T o t a l 
n u m b e r 

of 
a n i m a l s 

2051 

210 
150 

2411 

T u m o r P r o d u c t i o n 

M a l i g n a n t bone t u m o r s b e g a n to a p p e a r a b o u t 6 m o n t h s a f t e r i n j e c ­
t i on , and in a few d o s a g e g r o u p s a l l of the a n i m a l s had d i e d wi th s u c h 
n e o p l a s m s by 10 m o n t h s . Many m i c e had m o r e t h a n one t u m o r . S ince it 
h a s b e e n d e t e r m i n e d tha t t u m o r s p r o d u c e d by r a d i o s t r o n t i u m a r e d i s t r i b u t e d 
a t r a n d o m a m o n g the a n i m a l s e x p o s e d to s i m i l a r r i s k , ( 2 i 3 ) the t u m o r r a t h e r 
t h a n t h e t u m o r - b e a r i n g m o u s e h a s b e e n u s e d a s the s t a t i s t i c a l un i t . 
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Figure 5, Cumulative incidence of osteogenic 
sarcomas at representative isotope 
doses (^tc/kg) as a function of time 
after injection. 

F i g u r e 5 p r e s e n t s the 
c u m u l a t i v e t u m o r i n c i d e n c e of 
r e p r e s e n t a t i v e d o s a g e g r o u p s 
a s t he l o g a r i t h m of the n u m b e r 
of o s t e o g e n i c s a r c o m a s p e r 
100 m i c e . A few c u r v e s of the 
high and i n t e r m e d i a t e dose 
l e v e l s , a s wel l a s m o s t of t h o s e 
wi th in the c o n t r o l r a n g e , have 
been o m i t t e d for the sake of 
c l a r i t y . No tewor thy f e a t u r e s 
a r e tha t Sr and Ca p r o d u c e d 
m a n y r a o r e t u m o r s than r a d i u m , 
tha t m u c h m o r e c a l c i u m than 
s t r o n t i u m w a s r e q u i r e d for c o m ­
p a r a b l e r e s u l t s , and tha t in the 
r a n g e w h e r e r a d i u m w a s ef fec­
t i v e , i t s c a r c i n o g e n i c p o t e n c y 
p e r jUc g r e a t l y e x c e e d e d tha t of 
s t r o n t i u m . 

The r e l a t i o n s h i p b e t w e e n c a r c i n o g e n i c i t y and i so tope dose can be 
p r e s e n t e d by p lo t t ing the l ike l ihood tha t an a n i m a l a t e a c h d o s e wil l die 
with an o s t e o g e n i c s a r c o m a a g a i n s t the days it h a s a l r e a d y l ived a f t e r i n ­
j e c t i o n . T u m o r e x p e c t a n c y i s c a l c u l a t e d by div id ing the n u m b e r of t u m o r s 
s t i l l to a p p e a r in a dose g roup by the 
n u m b e r of a n i m a l s s t i l l a l i v e . Th i s was 
done at 2 5 - d a y i n t e r v a l s f r o m 150 days 
a f t e r in jec t ion unt i l l e s s than t h r e e a n ­
i m a l s r e m a i n e d a l i v e . The r e s u l t s of 
m o s t of t h e s e c a l c u l a t i o n s a r e p r e s e n t e d 
in F i g u r e 6; s o m e da ta w e r e o m i t t e d 
to p r e v e n t c rowd ing of the c u r v e s . It 
i s i n t e r e s t i n g tha t two of the c u r v e s , 
5600 f ic /kg Ca^^ and 200 Mc/kg S r ' ° , did 
not show an i n c r e a s e in t u m o r e x p e c t ­
ancy wi th i n c r e a s i n g t i m e w h e r e a s the 
o t h e r s do s u g g e s t such a p r o g r e s s i o n . 
T h i s i s p a r t i c u l a r l y t r u e of a l l of the 
r a d i u m l e v e l s . S ince , the to t a l i n t e g r a t ­
ed dose to the a n i m a l s t ha t r e c e i v e d 
r a d i u m o r s t r o n t i u m w a s c o n s t a n t l y i n ­
c r e a s i n g du r ing t h i s p e r i o d b e c a u s e of 
the long h a l f - l i v e s and low e x c r e t i o n r a t e s of t h e s e m a t e r i a l s , it would be 
a n t i c i p a t e d tha t t u m o r e x p e c t a n c y would i n c r e a s e wi th i n c r e a s i n g t i m e . 
H o w e v e r , t h i s t r e n d i s c o u n t e r b a l a n c e d by the fact tha t a t e a c h s u c c e s s i v e 
i n t e r v a l the s u r v i v i n g popu la t ion had 25 f ewer d a y s to l i v e . and . consequen t ­
ly . 25 fewer days in which to deve lop an o s t e o g e n i c s a r c o m a . 
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Figure 6. Tumor expectancy as a function 
of survival time after injection. 
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In o r d e r to c o m p a r e the c a r c i n o g e n i c i t y of one i s o t o p e wi th tha t of 
a n o t h e r it i s n e c e s s a r y to e x p r e s s each i s o t o p e - d o s e by a s ing le va lue so 
tha t the ind iv idua l m a t e r i a l s can be r e p r e s e n t e d by one c u r v e r a t h e r t h a n 
by a f a m i l y of c u r v e s . T h i s can be done by a v e r a g i n g the t u m o r e x p e c t a n ­
c i e s a t 2 5 - d a y i n t e r v a l s tha t w e r e p r e s e n t e d in F i g u r e 6. Such a v e r a g e s 
for a l l the d o s e l e v e l s have been p lo t t ed a g a i n s t the l o g a r i t h m of the dose 
in F i g u r e 7. The c o n t r o l va lue i s i n d i c a t e d by the shaded a r e a ; a v e r a g e 

t u m o r e x p e c t a n c y w a s 3 /100 
a m o n g the s t r o n t i u m and c a l ­
c i u m c o n t r o l popu la t ion and 
0 ,6 /100 a m o n g the r a d i u m 
c o n t r o l popu la t i on . F r o m the 
point of v iew of the a m o u n t of 
m a t e r i a l r e q u i r e d to p r o d u c e 
t u m o r s , r a d i u m w a s m u c h 

400 

o 

10 100 1000 

INJECTED DOSE ( p c / k g ) 

0,000 

Figure 7. Average tumor expectancy from 150 days 
after injection as a function of dose. 

m o r e eff icient than S r ' ° o r 
Ca . M a x i m u m t u m o r e x p e c t ­
ancy was r e a c h e d with 
28,8 juc/kg R a " ^ . 880 |Li c / k g 
Sr9°, and 24,800 ju c / k g Ca*^ 
T h e s e give r a t i o s of 1:30:860. 
H o w e v e r , s t r o n t i u m and c a l ­
c i u m p r o d u c e d five and t h r e e 
t i m e s a s m a n y t u m o r s , r e ­
s p e c t i v e l y , at t h e s e l e v e l s a s 
r a d i u m . With e a c h m a t e r i a l 
the o p t i m u m c a r c i n o g e n i c 
d o s e was e x c e e d e d , and m a n y 
a n i m a l s tha t l ived long enough 
to deve lop t u m o r s n e v e r t h e l e s s 
did not do s o . 

A n o t h e r m e a s u r e of t u m o r p r o d u c t i o n i s t u m o r r a t e . Th i s i s c a l ­
cu l a t ed by d iv id ing the n u m b e r of t u m o r s a p p e a r i n g a m o n g a n i m a l s dying 
d u r i n g a spec i f i c i n t e r v a l by the n u m b e r of a n i m a l s a l ive a t the beg inn ing 
of the i n t e r v a l . In g e n e r a l , the r a t e for any i so tope dose i n c r e a s e s wi th 
t i m e , and the r a t e of i n c r e a s e is d i r e c t l y p r o p o r t i o n a l to the d o s e . A 
s ing le s t a t i s t i c for e a c h t u m o r r a t e c u r v e i s the s lope of the c u r v e . T h e s e 
v a l u e s can be p lo t t ed for e a c h dose of an i s o t o p e , and the r e s u l t i n g d o s e -
r e s p o n s e c u r v e can then be c o m p a r e d with s i m i l a r c u r v e s for o t h e r i s o ­
t o p e s . T u m o r r a t e s p e r 100 m i c e a t 5 0 - d a y i n t e r v a l s w e r e so c a l c u l a t e d , 
and the s l o p e s of t h e i r l e a s t s q u a r e s l i n e s w e r e d e t e r m i n e d . The l o g a r i t h m 
of t h e s e s l o p e s a r e p lo t t ed a g a i n s t the l o g a r i t h m of the d o s e in F i g u r e 8. 
The va lue for the c o m b i n e d c o n t r o l popu l a t i ons w a s 0 .003 . T h i s m e a n s 
that t h e r e w a s a m e a n i n c r e a s e of 0.003 t u m o r s p e r 50 d a y s p e r 100 c o n t r o l 
i n i c e . The r a d i u m da ta show a r e a s o n a b l y s m o o t h t r e n d f r o m 1.2 t h r o u g h 
100|Lic/kg; 0.6 lic/hg, which did not r e s u l t in a s t a t i s t i c a l l y s ign i f i can t 
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i n c r e a s e in o s t e o g e n i c s a r c o m a s , 
d e v i a t e d s h a r p l y f r o m th i s t r e n d . 
The S r ' da t a show no m a r k e d 
d e p a r t u r e s f r o m a s t r a i g h t l i ne . 
The next l o w e r dosage g r o u p , 
which r e c e i v e d 8 . 9 f i c / k g , had no 
m a l i g n a n t bone t u m o r s . E x c e p t 
for the two h i g h e s t d o s e l e v e l s , 
the Ca*^ v a l u e s a l s o fall a long a 
s t r a i g h t l i n e . The s lope a t the 
next l o w e r point on the c a l c i u m 
c u r v e , 560 / i c / k g , w a s - 0 . 0 0 3 . 
The s l o p e s of the s t r o n t i u m and 
c a l c i u m l i n e s in F i g u r e 8 a r e 
qu i t e s i m i l a r . T h e r e i s a f ac to r 
of 10 b e t w e e n the d o s a g e s tha t 
i n c r e a s e d t u m o r r a t e by 3 p e r 
50 days p e r 100 m i c e and a f a c ­
t o r of 35 a t d o s a g e s tha t i n ­

c r e a s e d the r a t e by 0.003 p e r 50 days p e r 100 m i c e . The s lope of the r a d i u m 
l ine i s v e r y m u c h l o w e r , so tha t the d i f f e r ence in c a r c i n o g e n i c i t y be tween 
r a d i u m and the be ta e m i t t e r s b e c o m e s g r e a t e r a s the d o s e , and , c o n s e q u e n t ­
ly , the effect , d e c r e a s e s . As a resiol t , e s t i m a t i o n s of the h u m a n h a z a r d f r o m 
i n t e r n a l e m i t t e r s b a s e d upon r a d i u m tox ic i ty a s the c o m m o n d e n o m i n a t o r 
b e t w e e n a n i m a l and nnan wi l l v a r y a c c o r d i n g to the naagni tude of the r e s p o n s e 
unde r c o n s i d e r a t i o n . 
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Figure 8. Slope of tumor rate increase with time 
as a function of dose. 

L a t e n t P e r i o d 

The l eng th of t i m e b e t w e e n in jec t ion of a m o u s e with a r a d i o i s o t o p e 
and i t s dea th wi th an o s t e o g e n i c s a r c o m a can be v e r y long in r e l a t i o n to the 
n o r m a l l ife span of th i s s p e c i e s . In our e x p e r i e n c e i t h a s n e v e r been 
s h o r t e r t han 150 d a y s . T h i s m i n i m u m l a t e n t p e r i o d i s 25% of the a v e r a g e 
p o s t - i n j e c t i o n life e x p e c t a n c y of the s t r o n t i u m and c a l c i u m c o n t r o l p o p u l a ­
t ion and 15% of the l ife span of the l o n g e s t s u r v i v o r . The p r e s e n t da ta w e r e 
e x a m i n e d for e v i d e n c e of a r e l a t i o n s h i p b e t w e e n l a t e n t p e r i o d and i s o t o p e . 
The t i m e of dea th of e a c h t u m o r - b e a r i n g m o u s e i s i n d i c a t e d in F i g u r e 9. 
The f i r s t r a d i u m t u m o r dea th o c c u r r e d 230 days a f t e r in jec t ion . The f i r s t 
s t r o n t i u m and c a l c i u m t u m o r d e a t h s w e r e a t 160 and 190 days af ter in jec t ion , 
r e s p e c t i v e l y . The m o d e of the f r e q u e n c y d i s t r i b u t i o n w a s 3 90 days for 
r a d i u m , 200-260 days for s t r o n t i u m , and 260 days for c a l c i u m . The m e d i a n 
w a s 420 days for r a d i u m , 320 days for s t r o n t i u m , and 290 days for c a l c i u m . 
The f r e q u e n c y d i s t r i b u t i o n p a t t e r n of the r a d i u m t u m o r s s u g g e s t s tha t 
e i t h e r they r e s u l t p r i m a r i l y f r o m the c o n s t a n t i r r a d i a t i o n by the r e t a i n e d 
m a t e r i a l o r they a p p e a r only a f te r r e c o v e r y f r o m the in i t i a l i n s u l t . The 
shape of the f r e q u e n c y d i s t r i b u t i o n for c a l c i u m t u m o r s i n d i c a t e s tha t t h e s e 
t u m o r s r e s u l t p r i m a r i l y f r o m the in i t i a l dose tha t i m m e d i a t e l y follows 



23 

in jec t ion . Th i s i n t e r p r e t a t i o n is c o n s i s t e n t with the r e l a t i v e l y s h o r t p h y s ­
i c a l ha l f - l i f e of Ca*^. The Sr da ta s u g g e s t t ha t both the in i t i a l high d o s e 
and the r e t a i n e d d o s e a r e i m p o r t a n t in the p r o d u c t i o n of o s t e o g e n i c s a r c o ­
m a s . Many t u m o r - b e a r i n g m i c e d ied wi th in 100 days a f t e r the end of the 
l a t en t p e r i o d , but the f r e q u e n c y w a s not in s ign i f i can t even beyond 600 days 
a f t e r in jec t ion . 

F i g u r e 9 i n d i c a t e s by s y m b o l s the d o s e l e v e l g r o u p to which each 
a n i m a l be longed so tha t r e l a t i o n s h i p s be tween l a t en t p e r i o d and d o s e a r e 
a p p a r e n t . In g e n e r a l , the a n i m a l s a t the h i g h e r l e v e l s d ied with t u m o r s e a r l i e r 
than t h o s e a t l o w e r l e v e l s , but t h e r e a r e m a n y e x c e p t i o n s to th i s t r e n d of 
i n c r e a s i n g l a t e n t p e r i o d with d e c r e a s i n g d o s e . It h a s been shown in F i g u r e 8 
tha t the s l o p e s of the t u m o r r a t e c u r v e s i n c r e a s e wi th i n c r e a s i n g d o s e . 
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Figure 9. Frequency distribution of animals dying with osteogenic sarcomas at 10-day intervals after injection. 

C o n s e q u e n t l y , the p r o b a b i l i t y of dying with a t u m o r a t any p a r t i c u l a r day 
i n c r e a s e s with i n c r e a s i n g d o s e . Th i s exp lana t ion for the o b s e r v a t i o n tha t 
t u m o r s in g e n e r a l a p p e a r e a r l i e r a m o n g a n i m a l s r e c e i v i n g h i g h e r d o s e s 
does not suffer f r om the n e c e s s i t y of o v e r l o o k i n g the o c c a s i o n a l e a r l y 
t u m o r s a m o n g a n i m a l s in i n t e r m e d i a t e and low d o s a g e g r o u p s . T h e r e f o r e , 
i t would s e e m tha t the l a t e n t p e r i o d i s independen t of the d o s e and tha t the 
a p p a r e n t d e p e n d e n c e i s due to the fact tha t the dai ly t u m o r e x p e c t a n c y i n ­
c r e a s e s with i n c r e a s i n g d o s e . 
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THE DEATH OF BACTERIA IN GROWING CULTURE 

Arthur L. Koch* 

In an act ively growing cul ture of Escher ich ia coli, the breakdown 
of prote ins within growing cells cannot be detected,(^'^>-^) The l imit of 
detection of the mos t sensi t ive technique(l ) is such as to suggest that 
" turnover" per se is not occur r ing . There a r e a number of other p r o c e s s e s 
that may or may not occur in a population of growing cells which might 
with justif ication be called " tu rnover . " One such p r o c e s s is that in which 
the cells incorpora te a constituent of the growth medium into some m a t e r i a l 
which is then l ibera ted into the environment and may or may not be subse ­
quently reut i l ized. An example of this p r o c e s s has been shown to occur in 
the incorporat ion of glycine or se r ine into an ex t race l lu la r pept ide- l ike m a ­
te r i a l . \ * / F u r t h e r m o r e , the r e l e a s e d m a t e r i a l was shown to be produced 
as an offshoot of synthetic act ivi t ies and not as a r e su l t of the degradation 
of cel lular m a c r o m o l e c u l e s . 

Another p r o c e s s , which we will refer to h e r e as "cel lular t u rnove r , " 
is that in which a propor t ion of the cel ls in the population die and subse ­
quently l ibe ra te some of their contents into the medium. Some components 
may then be reut i l ized by other cel ls in the population that a r e growing and 
metabol iz ing. 

The f i rs t portion of this paper is devoted to a descr ip t ion of the 
sequelae of cell death as m e a s u r e d by var ious t r a c e r compounds. It was 
subsequently found that the death in these studies was not na tura l , but 
caused by centrifugation and by chilling the cu l ture . However, from a 
knowledge of consequence of death, it was possible to design a t r a c e r ex­
per iment which shows that under conditions of constant t e m p e r a t u r e and 
in the absence of centrifugation, cel l death in growing populations occurs 
very r a r e l y . 

Exper imenta l P r o c e d u r e 

The exper imenta l techniques were those previous ly r epor t ed . \ ^ ' ^ / 
The bulk of the exper iments were c a r r i e d out in the following m a n n e r . A 
sub-inoculum from a suitable mediunn was introduced into a medium con­
taining the t r a c e r and allowed to grpw with ae ra t ion . The choice of the 
growth medium was de te rmined by the na tu re of the t r a c e r and the ce l lu lar 
component it was des i r ed to label (see Table 3). The cells were ha rves ted , 
washed th ree t imes by centrifugation in the cold, resuspended in the un­
labeled medium, and ae ra t ed for one hour . Then the cel ls were ha rves t ed 

P r e s e n t a d d r e s s : Depar tment of B iochemis t ry , College of Medicine, 
Universi ty of F lo r ida , Gainesvi l le , F lo r ida . 



by cen t r i f uga t i on , r e s u s p e n d e d in u n l a b e l e d m e d i u m , and a e r a t e d for a 
s e c o n d h o u r . T h i s p r o c e s s w a s r e p e a t e d , a t h i r d and o c c a s i o n a l l y a four th 
t i m e . Dur ing the g rowth p e r i o d , a l i q u o t s of b a c t e r i a w e r e t aken and the 
r a d i o a c t i v i t y of the a l iquo t was d e t e r m i n e d in a gas flow p r o p o r t i o n a l 
c o u n t e r . The s u p e r n a t a n t c o l l e c t e d a t the end of the h o u r a e r a t i o n p e r i o d s 
w a s p a s s e d t h rough a " m i l l i p o r e " f i l t e r to r e m o v e any i n t a c t b a c t e r i a l 
c e l l s not e l i m i n a t e d by cen t r i fuga t ion . An a l iquo t of th i s u l t r a f i l t r a t e w a s 
a l s o a s s a y e d for r a d i o a c t i v i t y . F r o m the t i m e p e r i o d , t he a c t i v i t y of a l i ­
quots of b a c t e r i a , and the s u p e r n a t a n t a t the end of the p e r i o d , the ne t r a t e 
of r e l e a s e i s c a l c u l a t e d in p e r cen t p e r h o u r . S o m e t i m e s in the f i r s t r e -
g rowth p e r i o d , the r a t e of r e l e a s e w a s h i g h e r than the v a l u e s ob ta ined in 
s u b s e q u e n t p e r i o d s by not m o r e than a f a c t o r of two. Since th i s could r e ­
su l t f r o m i n a d e q u a c i e s in the w a s h i n g p r o c e d u r e s , o r the " t u r n o v e r " o r 
l o s s to the c e l l s of c o m p o n e n t s of s m a l l m o l e c u l a r we igh t , t h e s e f i r s t - h o u r 
v a l u e s w e r e d i s c a r d e d . The r e p o r t e d v a l u e s in T a b l e 3 a r e a v e r a g e s of 
the s u c c e e d i n g p e r i o d s . Al though the c e n t r i f u g a t i o n s and r e s u s p e n s i o n in 
f r e s h m e d i u m took about 10 m i n u t e s , m o s t of th i s t i m e the t e m p e r a t u r e of 
the c e l l s w a s 5 °C ; c o n s e q u e n t l y , th i s p e r i o d of t i m e was o m i t t e d in c a r r y ­
ing out the above c a l c u l a t i o n . 

TABLE 3 

The re lease of isotope from cells labeled and maintained at 37" C, 
but washed by centrifuge in the cold 

Radioactive 
t r a c e r used 

to label cells 

Glycine-2-C'* 

DL-Lys ine -2 -C '* 

Mixed, uniformly 
labeled 
ammo acid-C'*** 

Adenine-8-C'* 

Phosphate-P^^ 

Major 
h igh-molecu la r -
weight cel lular 

component labeled 

Prote in* 

Prote in 

Prote in 

Nucleic acids 

Nucleic acids 

Growth medium 

Labeling 
medium 

M-9 + 
Pur ines 
M - 9 

M - 9 

M - 9 
M - 9 

,.g„t 

Regrowth 
mediunn 

M - 9 

M - 9 

M-9 

M-9 + 0 08% 
nutrient broth 

M - 9 

M-9 + 
Bacter ia l 
e x t r a c t ' 
M-9 + 0 08% 
nutrient broth 

Rate of 
r e l ease of 

isotope, %/hr 

5 0 

5 0 

5 2 
3 7 

3 6 
3 7 
3 8 

0 2 
4 9 

3 
7 
3 6 

•Adenine + guanine were presen t in the labeling medium and thus 
prevented entry of glycine into the nucleic acid purine 

• •The mixture of uniformly labeled ammo acids was prepared from 
uniformly labeled soybean leaves obtained through the kindness of 
Dr N J Scully The hydrolyzed protein fraction was absorbed on 
a colunnn of Dowex-50, it was then eluted with NH4OH in order to 
elinninate contaminating carbohydrate ma te r i a l s 

f See text 

^ "g" nnediunn is a low phosphate med iumw/ which is used to obtain 
efficient incorporation of the P 



R e s u l t s and D i s c u s s i o n 

The R a t e of R e l e a s e of V a r i o u s T r a c e r s f r o m the G r o w i n g C u l t u r e : 
C e n t r i f u g e d in the Cold P e r i o d i c a l l y 

The r a t e a t wh ich the r a d i o a c t i v e t r a c e r a p p e a r s in the g r o w t h 
m e d i u m i s a " n e t " r e l e a s e and m u s t be equa l to the d i f f e r e n c e b e t w e e n the 
r a t e a t wh ich i t i s a c t u a l l y l i b e r a t e d by c e l l s , and the r a t e at which it i s 
t a k e n b a c k up by the b a c t e r i a l c e l l s . The r a t e of r e u t i l i z a t i o n would be 
e x p e c t e d to depend on the n a t u r e of the m e d i u m and v a r i o u s p h y s i o l o g i c a l 
f a c t o r s , a s we l l a s the c h e m i c a l n a t u r e of the m a t e r i a l t ha t had b e e n s e ­
c r e t e d in to the g r o w t h m e d i u m . In the c a s e of a d e n i n e , r e u t i l i z a t i o n of 
t r a c e r cou ld be g r e a t l y d e c r e a s e d by modi fy ing t h e mediunn to i nc lude un ­
l a b e l e d n u c l e i c a c i d f r a g m e n t s ( s ee be low) . 

In T a b l e 3 the r a t e of r e l e a s e of r a d i o a c t i v i t y fronn c e l l s l a b e l e d 
with a v a r i e t y of i s o t o p i c c o m p o u n d s i s g iven. It i s s e e n tha t e x c e p t for 
the a d e n i n e - l a b e l e d c e l l s g r o w n in a m e d i u m not c o n t a i n i n g a n o n l a b e l e d 
p u r i n e s o u r c e , t he r a t e of r e l e a s e i s in the r a n g e 3 to 7% p e r h o u r . T h i s 
i s e v i d e n c e for the c o n c l u s i o n t h a t , wi th the e x c e p t i o n no t ed , the r a t e of 
r e u t i l i z a t i o n i s m u c h s m a l l e r t h a n the r a t e of r e l e a s e of t h e i s o t o p e - l a b e l e d 
m a t e r i a l s , and t h a t a t the s a m e t i m e a v a r i e t y of d i f f e r en t c h e m i c a l s u b ­
s t a n c e s a r e r e l e a s e d to the m e d i u m a l l in s u b s t a n t i a l l y the s a m e p r o p o r t i o n . 
Th i s s u g g e s t s tha t u n d e r the c o n d i t i o n s of t h e s e e x p e r i m e n t s , a c e r t a i n 
f r a c t i o n of the c e l l s a r e l i b e r a t i n g the bulk of t h e i r c e l l u l a r c o n s t i t u e n t s 
into the nnedium, and the r e m a i n d e r a r e p r o d u c i n g a v e r y m u c h s m a l l e r 
a m o u n t , if t hey p r o d u c e any a t a l l . T h i s c i r c u m s t a n c e would o c c u r if c e l l s 
w e r e dying and s u b s e q u e n t l y l y s i n g and l i b e r a t i n g m a t e r i a l in to the m e d i u m . 

Of the c e l l u l a r c o m p o n e n t s t ha t would be p r o d u c e d by l y s i s of the 
c e l l , the ce l l wa l l i s the only one tha t m i g h t be e x p e c t e d to be r e t a i n e d by 
the u l t r a f i l t e r . T h i s r e p r e s e n t s only a s m a l l f r a c t i o n of t h e c e l l u l a r nna te -
r i a l and m a y be f r a g m e n t e d to a s i z e t ha t p a s s e s t h r o u g h the f i l t e r . The 
r a t e of r e l e a s e of i s o t o p e should be s u b s t a n t i a l l y equa l to the r a t e of l y s i s 
of the b a c t e r i a l c e l l s . 

If a p e r i o d of t i m e i n t e r v e n e s b e t w e e n the dea th of a c e l l and i t s l y ­
s i s , t he r a t e of l y s i s m a y or m a y not be equa l to the d e a t h r a t e of b a c t e r i a . 
It can be shown, h o w e v e r , t ha t e q u a l i t y of t h e s e two r a t e s o b t a i n s , a f t e r the 
c u l t u r e h a s b e e n m a i n t a i n e d in a c o n d i t i o n of g r o w t h in wh ich the d e a t h r a t e 
h a s b e e n m a i n t a i n e d c o n s t a n t for a p e r i o d of t i m e wh ich i s l o n g e r t h a n the 
p e r i o d of t i m e r e q u i r e d for l y s i s . The o b s e r v e d r a t e of l y s i s i s m a d e 
up of c o n t r i b u t i o n s e n s u i n g f r o m the d e a t h of c e l l s in p r e v i o u s t i m e i n t e r ­
v a l s which a r e only now l y s i n g , and u n d e r the c o n d i t i o n s m e n t i o n e d e q u a l s 
the s u m of the c o n t r i b u t i o n s r e s u l t i n g f r o m ce l l d e a t h in a p r e v i o u s i n t e r ­
va l . F o r e x a m p l e , if half of the c e l l s l y s e the s e c o n d hou r a f t e r d e a t h and 



28 

the o t h e r half the t h i r d h o u r , t hen in the fou r th hour of an e x p e r i m e n t of the 
k ind d e s c r i b e d h e r e , the o b s e r v e d p e r c e n t a g e r e l e a s e of i s o t o p e r e s u l t s 
f r o m equa l c o n t r i b u t i o n s f r o m the s e c o n d and t h i r d h o u r p e r i o d of the e x ­
p e r i m e n t . E a c h c o n t r i b u t i o n a m o u n t s to half of the d e a t h r a t e and the s u m 
i s n u m e r i c a l l y equa l to the d e a t h r a t e p e r h o u r , wh ich i s a s s u m e d c o n s t a n t 
d u r i n g t h e e n t i r e e x p e r i m e n t . 

The e q u a l i t y of d e a t h r a t e and l y s i s r a t e c a n be shown to hold no 
m a t t e r wha t t i m e c o u r s e the l y s i s r e a c t i o n exh ib i t s a s long a s l y s i s i s 
c o m p l e t e in l e s s t i m e t h a n the d u r a t i o n of the e x p e r i m e n t . It a l s o ho lds 
for the c a s e in wh ich s o m e a n a b o l i c p r o c e s s e s o c c u r s u b s e q u e n t to the 
d e a t h of the ce l l , if t h e s e p r o c e s s e s do no t l e ad to a c e l l d i v i s i o n in wh ich 
one d a u g h t e r c e l l c o n t i n u e s to g r o w and d o e s no t l y s e . 

G l y c i n e - 2 - C . In the p r e s e n t e x p e r i m e n t s the equa l i t y of the r a t e 
of d e a t h of c e l l s and o b s e r v e d l y s i s m u s t be e q u a l b e c a u s e of the c o n s t a n c y 
of the o b s e r v e d r e l e a s e of i s o t o p e in the e x p e r i m e n t of Tab le 4 . It c an be 
c o n c l u d e d t h a t the i n t e r v a l b e t w e e n d e a t h and d i s i n t e g r a t i o n p r o b a b l y m u s t 
be l e s s t han an h o u r . 

T A B L E 4 

C o n s t a n c y of the r e l e a s e of i s o t o p e f r o m l a b e l e d c e l l s . 
E x p e r i m e n t a l c o n d i t i o n s w e r e a s d e s c r i b e d in the 

f i r s t l ine of T a b l e 3 for g lyc ine-2-C^ '* 

Time in terval , hr 

0-1 
1-2.08 

2.08-3.3 
3.3-4.4 

Release per hr , % 

4.9 
4.85 
4.6 
5.6 

Two o t h e r c o n c l u s i o n s m a y be d r a w n f r o m t h i s e x p e r i m e n t . F i r s t , 
the r a t e of r e l e a s e of i s o t o p e d o e s not d i m i n i s h wi th t i m e or a s the a m o u n t 
of i s o t o p e p r e s e n t in the b a c t e r i a d e c r e a s e s . At the end of the e x p e r i m e n t 
79% of the i s o t o p e r e m a i n e d . If half of the a c t i v i t y had b e e n i n c o r p o r a t e d 
in to a f o r m wh ich w a s not r e l e a s e d in to the m e d i u m , the a p p a r e n t r a t e 
shou ld then have h a l v e d by the end of the f o u r t h e x p e r i m e n t a l p e r i o d . It 
t h e r e f o r e fo l lows t h a t the bulk of the p r o t e i n in the b a c t e r i a i s s u s c e p t i b l e 
to r e l e a s e f r o m the c e l l . 

The s e c o n d c o n c l u s i o n fo l lows f r o m the fac t t ha t d u r i n g t h i s e x p e r i ­
m e n t the b a c t e r i a l p r o t o p l a s m i c m a s s i n c r e a s e d by 1600%; four d i v i s i o n s 
o c c u r r e d . T h e r e f o r e , t he r e l e a s e of i s o t o p e c a n no t be a s s o c i a t e d w i th c e l l 
d i v i s i o n , for if i t w e r e , the r e l e a s e in the f ina l p e r i o d should be one- fourth 
to o n e - s i x t e e n t h the i n i t i a l r a t e , d e p e n d i n g on the type of m e c h a n i s m 
e n v i s i o n e d . 
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Adenine-8-C . As mentioned above, in synthetic medium adenine-
labeled cells r e l e a se isotope to a very smal l extent. This observat ion is 
in confirmation of that which had been made previouslyv") using the same 
exper imenta l p rocedure . As this r e su l t was not in«line with the other ex­
p e r i m e n t s , the possibi l i ty existed that m a t e r i a l was r e l ea sed and second­
a r i ly re incorpora ted into growing cells of the populations. To min imize 
this reut i l izat ion, a nonradioact ive ex t rac t of bac te r ia was added to the 
growth medium. The ext rac t was p repa red by grinding alumina in the 
same way as used for the prepara t ion of enzymatical ly active e x t r a c t s . ! ' / 
In the exper iment shown in Table 3 the regrowth medium was made 10% in 
bac te r ia l ex t rac t . The ext rac t contains a great deal of nucleic acid m a t e ­
r i a l s , and these effectively dilute out the radioact ive m a t e r i a l s as they a r e 
r e l eased so that re incorpora t ion is great ly reduced. 

Recen t ly , ' ° / it has been shown that chloramphenicol- inhibi ted cells 
produce RNA, which is broken down when the drug is removed from the 
medium. The f ragments so produced a r e excreted into the medium, but 
subsequently a r e reut i l ized to a high degree by the new bac te r i a l growth. 
Thus, this case is s imi l a r to the reut i l izat ion of the pur ine- labe led nucleic 
acid f ragments produced by the death of cel ls resu l t ing from cold shock. 

Uniformly C - labeled amino acid m i x t u r e . The values obtained in 
Table 3 indicate that the bulk of the cel lular amino acids a r e t r ea ted s i m i ­
l a r ly in r ega rd to the p rocess under study. In addition to the exper iments 
shown in Table 3, exper iments were conducted with 10 t imes i nc reased 
levels of amino acids in the labeling medium. Although a much higher 
radioactivi ty was obtained per bac te r i a l cel l , the observed ra te of r e l e a s e 
of isotope to the medium was somewhat lower: 1.9 and 2.,Z% pe r hour in 
two different exper iments At f i r s t it was thought that this might r e su l t 
from a divers ion of the amino acid C^* when p resen t at high level to non­
protein consti tuents of the cell which might be "turning over , " and then be 
reut i l ized . This possibi l i ty was r endered much l e s s l ikely by the d iscovery 
that very l i t t le radioact ivi ty is r e l ea sed (less than 0,10%) in the form of 
C O2, which would be the main degradat ion product of m o s t conceivable 
turnover p r o c e s s e s . 

The low values observed after labeling at high levels of amino acid 
a r e probably a t t r ibutable to the fact that the cells grown in this medium 
were thrown into lag upon being re tu rned to the synthetic M-9 medium con­
taining no supplement . As indicated below, nongrowing conditions seem to 
d e c r e a s e the ra te of r e l e a se of isotope from killed ce l l s . 

Podo l sky l ' ) has studied the d e c r e a s e in activity of bac te r i a l ce l ls 
tagged with uniformly labeled arg in ine , during growth and during the s ta t ion­
a ry phase in var ious media . His method is re la t ively insensi t ive and mainly 
concerns phenomena in the s ta t ionary phase , but a lso concerns the p r o c e s s 
under study he re , since he did wash his cel ls by centrifugation in the cold. 



Contrary to our findings, he observed slightly l a r g e r r e l e a se in cells labeled 
in complex media , but in ag reement with our expectation he observed a 
several - fold dec rease in the r e l ea se assoc ia ted with par t ia l anaerob ios i s . 

During the active growth phase, his observed r e l e a s e s were l e s s 
than those indicated from our exper iments . This is probably due to exten­
sive reut i l izat ion enhanced in his exper iments by the fai lure to remove the 
media from the cel ls per iodical ly . Support is lent to this supposition b e ­
cause , in this case the observed r e l ea se was l e s s in s imple medium than 
in media supplemented with broth or amino ac ids . 

D L - L y s i n e - 2 - C . The L form of this isotopic compound is used by 
the cell in the synthesis of lysine moiety of the protein, and is not me tabo­
lized to other cel lular consti tuents.(^0) Therefore , this t r a c e r compound 
was convenient for study of the r e l ea sed proteinaceous m a t e r i a l s . An 
exper iment was c a r r i e d out to a s s e s s the role of an energy sou rce . Labeled 
bac te r ia were divided into two al iquots . One portion was added to complete 
M-9 medium, and the other to medium lacking glucose, the carbon and en­
ergy sou rce . In the fo rmer , the ra te of r e l e a se was 3.7% per hour and in 
the l a t t e r , 0,89% per hour . This r e su l t can ei ther be in te rpre ted as indi­
cating dec rea se in the r e l ea se in the absence of energy source , or that 
under these conditions the r e l eased m a t e r i a l is rapidly r ea s s imi l a t ed . 
S imi lar r e su l t s have recent ly been repor t ed by Mandels tam.( l 1) 

Using lysine as a t r a c e r , an a t tempt was made to m e a s u r e the t e m ­
pe ra tu re coefficient of the r e l e a s e p r o c e s s . It was found that the r a t e of 
r e l e a s e was l e s s at lower t e m p e r a t u r e s , and that, if the centrifuge used in 
washing the cel ls was brought to the t e m p e r a t u r e of growth, the ra te of r e ­
lease was grea t ly diminished from about 5% per hour to about 0.8% per hour . 
This finding was the clue that the phenomenon that had been under study was 
the lys is of cells killed by the exper imenta l conditions employed, namely, 
the "cold shock" of chilling the cel ls during the centrifugation p rocedure . 

The lethal action of cold had been studied by Hegar ty and Weeks(^^/ 
who had found the effect to be m o s t potent on cel ls in the logar i thmic phase 
of growth. This work has in the main been d i s regarded , and it is routine 
p rocedure in many l abora to r i e s to chill and centrifuge cel ls for many p u r ­
poses pa r t i cu la r ly in phage work. 

The observat ion that a constant fraction of the cells a r e caused to 
lyse under the p r e sen t exper imenta l conditions suggests that in growing 
cul ture only in a cer ta in phase of the division cycle a r e the o rgan i sms 
being killed by "cold shock." 



Exper iments in which the Cells a r e not Centrifuged and 
the T e m p e r a t u r e is Maintained Constant 

The exper iments desc r ibed above indicate that short ly after death 
caused by "cold shock," the suscept ible cells lyse and l ibe ra te their con­
tents into the mediunn. The impor tan t question r emains as to the ra te of 
death of cells in young act ively growing cul tures in the absence of external 
des t ruc t ive forces such as "cold shock" or centrifugation. It was indicated 
that in the absence of "cold shock " the r a t e of r e l e a s e is l e s s than 1% per 
hour, but it is possible that the observed value is the resu l t of death caused 
by the packing of cel ls during centrifugation, even though no t e m p e r a t u r e 
change is involved. 

With these considera t ions in mind, the following exper iment was 
devised. A smal l volume of cells were grown in a medium consis t ing of 
M-9 plus a supplement of 50 jLiM glycine-2-C^'* and 15C/LtM adenine. The 
amount of glycine was chosen so that free glycine would be completely r e ­
moved from the medium before the adenine was ut i l ized. C"̂ ) Then a port ion 
of the cul ture was taken for analys is and another smal l port ion diluted into 
fresh M-9 medium and allowed to grow for 8.5 h o u r s . The data for this 
exper iment a r e given in Table 5. Initially 26.7% of the activi ty r ema ins in 
the growth med ium. It has been shown(4) That this m a t e r i a l is formed by 
the bac te r i a and is reut i l ized at a negligibly slow r a t e . A smal l amount of 
activi ty is found in the nucleic ac ids . In previous expe r imen t s , it has been 
seen that the activi ty r e s i d e s in the pur ine - main ly in the guanine. The 
amount of activi ty located in the nucle ic ac ids could have been reduced by 
increas ing the pur ine content of the ini t ial medium, (1) but then the bac te r i a 
could not have el iminated the pur ines from the growth med ium, and conse­
quently washing p rocedures would have been n e c e s s a r y . 

TABLE 5 

Absence of red is t r ibu t ion of prote in glycine label 
after extensive growth 

Medium 
Nucleic acid 
P r o t e i n 

Total 
d is t r ibut ion of radioact ivi ty , % 

init ial 

26.2 
4.4 

69.4 

100.0 

After 8.5 hr growth 

22.8 
3.7 

73.6 

99.1 

It is seen that no significant red i s t r ibu t ion of act ivi ty occu r s af ter 
8.5 hours of exponential growth. If any deaths had occu r r ed then the sub­
sequent lys is should have i nc reased the medium radioact iv i ty . If, in addition. 



growing cells in the population incorpora ted some of this m a t e r i a l , then it 
would be probable that this m a t e r i a l would be broken down (digested) to the 
point where it would se rve as a p r e c u r s o r of the purine r ings of the nucleic 
ac ids , which a r e n e c e s s a r i l y being synthesized de novo after the consump­
tion of the adenine supplement. It, the re fore , appears quite probable that 
cell death in growing cul tures is very snnall and probably considerably l e s s 
than 1% per hour in synthetic mediunn at 37° C. 

The problem of bac te r i a l death is an old one. The experinnents of 
Wilson(l^) a r e widely quoted in the textbooks of bacter io logy. He found 
that the viable count and the cell count differed and concluded that a high 
proport ion (20%) of the bac te r i a were nonviable. Actually, in four out of 
twelve experinnents, equality between the two m e a s u r e m e n t s was observed. 
Probably the main source of deviation of the two m e a s u r e s is not in the m e a s ­
u remen t p rocedu re s , but may be a t t r ibuted to the fact that he used standing 
cul tures with no aera t ion . Mitch ell (•̂ '*/ r eaches s imi l a r conclusions, based 
on data obtained under conditions in which the bac te r i a l cul ture was not 
growing exponentially. On the other hand, Kelley and Rahn(^5) m i c r o s c o p i ­
cally observed the growth of Aerobac te r aerogenes at 30° C. They noted 
that if a cell divided, cell division would proceed at l eas t to the fourth gen­
era t ion with no daughter cel ls failing to divide. As the observat ion was 
made repeatedly, it would appear that cel l death is not frequent in Aerogenes . 

Summary and Conclusions 

In growing cul tures of bac te r i a , in t race l lu la r prote in degrada -
tion(1.2,3) and nucleic acid degradat ion(l > l o . l 7 ) a r e not observed. Under 
no rma l conditions in which the ce l ls a r e not subject to s t r e s s , cell death is 
a r a r e occu r r ence . Therefore , cel lular turnover is also a min imal p r o c e s s . 

In the s ta t ionary phase of growth, protein degradat ion mos t cer ta inly 
occurs , (9) but at the p re sen t t ime , it i s imposs ib le to a s s e s s the re la t ive 
ro les of cel lular death with in t race l lu la r breakdown of the macromolecu le s 
inside of living ce l l s . In res t ing cell suspens ions , the physiological s i tua ­
tion is much different fronn that obtained in the s ta t ionary cul tures and in 
the growing cul ture . Degradat ion artd an equal r esyn thes i s have been shown 
both for bac te r i aU 1 >1 oj and for yeast . (^9) The authors of these exper iments 
have considered this degradation to be an in t race l lu la r p r o c e s s . This con­
clusion follows from the observed conservat ion of an adapted enzyme within 
the cel ls of the res t ing suspensions and from two assumpt ions . The f i r s t is 
that any r e l ea sed adaptive enzyme would not be inactivated or degraded 
subsequent to i ts r e l e a s e . The second assumpt ion is that no enzyme syn­
thesis occurs in the remaining cells of the population. In view of the recent 
findings in two l abora to r i e s (̂  °>^0' that RNA isolated from adapted cel ls can 
cause the formation of adaptive enzyme in recipient ce l l s , this assumpt ion 
is suspect . 



The phenom-enon of cold shock is of considerable in te res t . Hegarty 
and Weeks(^^) found that the phase of growth de te rmined to a l a rge extent 
whether death would or would not occur . The cells were mos t sensi t ive 
during ear ly exponential growth. Because ofi the widespread use of cells 
in late exponential growth phase , this observat ion may explain why m o r e 
invest igat ions have not been complicated by the death of ce l l s . In this 
phase of growth, many changes in the cel ls a r e occur r ing : the cells a r e 
growing sma l l e r , the re a r e fewer nuclear bodies , the RNA content is d e ­
c reas ing , the suscept ibi l i ty to v i rus infection is dec reas ing , the growth 
ra te is decreas ing , e tc . These changes may be thought to p r e p a r e the cel ls 
for the conditions that obtain in s ta t ionary cu l tu res . Fu tu re work will be 
requ i red to unders tand the re la t ion of the probabil i ty of death resul t ing 
from cold shock with other physiological changes during the growth cycle. 
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STUDIES ON THE DNA CONTENT OF KREBS-2 MOUSE ASCITES 
TUMOR CELLS AFTER IRRADIATION AND 

HETEROLOGOUS TRANSPLANTATION 

Agnes N. Stroud, Austin M. Brues , and Beverly Richard 

We have repor ted previously^ / on heterologous growth of a mouse 
a sc i t e s tumor in the ra t . A brief summary of these findings is as follows: 
(1) Over a th ree -day per iod in the ra t the tumor cel ls grow logar i thmi ­
cally and with a concentrat ion of around 10^ cells per ml of fluid. (2) There 
is a l inear re la t ionship between cell number and the volume of a sc i t e s fluid. 
(3) Cell and nuclear volumes during the growth per iod inc rease 3 - or 
4-fold. (4) The re is evidence that their volume inc rease could be a s s o c i ­
ated with an immunological r e sponse of the host against the heterologous 
ce l l s . 

In this r epo r t we examine the nature of these volume i n c r e a s e s , and 
also of the cell and nuclear volunne i nc rea se s that follow X- i r rad ia t ion of 
cel ls p r io r to inoculation. 

The problem was f i r s t approached by determining whether i nc reased 
volume was the resu l t of ch romosome duplication (polyploidy). Chromo­
some counts showed no significant i nc rease over the model number of 75 in 
the cont ro ls . In i r r ad ia t ed ce l l s , ch romosome counts were m o r e difficult 
because of s t ickiness and breaks in the c h r o m o s o m e s ; the re fo re polyploidy 
could not be determined accura te ly . 

The second approach was to es t imate the DNA (deoxyribose nucleic 
acid) content of the ce l l s . This would de te rmine polyploidy and give infor­
mation about the synthesis of DNA, The method of Schneiderl^) was used, 
and DNA was de termined by the diphenylamine reac t ion . All cel ls used for 
the determinat ion were s tored free of asc i t i c fluid in liquid ni trogen at 
-320°F . 

The r e su l t s of two exper iments a r e shown in Table 6, where the 
data include DNA in jUjUg/cell and the calculated DNA/lOOO/i'. The cell 
population is r ep re sen t ed as well as the mitot ic index for the tumor 
population. 

The data for DNA per cell for both controls and i r r ad ia t ed groups 
show no change over the 3-day per iod, nor is the re any difference between 
the control and the i r r ad ia t ed groups for any one day. During this t ime 
cell and nuclear volumes a r e increas ing p rog res s ive ly in both non i r r ad i -
ated and i r r ad ia t ed ce l l s . The i nc r ea se in the i r r ad i a t ed groups is a lmost 
th ree t imes that in the noni r radia ted group. The calculated DNA per unit 
nuclear volume shows a sharp d e c r e a s e in the i r r ad ia t ed group, whe rea s , 



TABLE 6 

DNA per cell , concentration of DNA in cell nuclei, cell numbers , and 
mi toses in i r rad ia ted asc i tes tumor cells growing in r a t s 

I r radiat ion 
dose to 
ce l l s , r 

0 
2000 
3000 

0 
2000 
3000 

Days after inoculation 

0 1 2 3 

DNA, ^^g/ce l l (mean)* 

2.6 2.5 2.0 2.8** 
2.7 2.4 2.8 2.6 
2.8** 2.6 2.9 2.6** 

D N A / I O O O I/ (mean)"*" 

2.4 1.8 1.2 1.8 
2.4 0.6 0.7 0.8 
2.4 0.6 0.6 

Irradiat ion 
dose to 
ce l l s , r 

0 
2000 
3000 

0 
2000 
3000 

Days after inoculation 

0 1 2 3 

Cells X 10* (mean)* 

1.1 4.5 8.0 16.4 
1.1 2.8 4.8 1.7 
1.1 2.1 3.1 1.2 

% Mitosis (mean) 

2.4 4.6 3.5 3.6 
2.2 5.4 3.2 1.5 
2.4 3.8 2.8 0.7 

*Each value r ep re sen t s the mean of 8 animals except as noted otherwise. 
**Represents the mean of 4 animals . 
T Calculated from nuclear volumes of 200 cells for each value. 
' E a c h value r ep re sen t s the mean of 2000 ce l l s . 

t h e r e i s only a s l igh t d e c r e a s e in the c o n t r o l s . At the s a m e t i m e the ce l l 
popu la t ion in the i r r a d i a t e d g r o u p i n c r e a s e s for 48 h r . Th i s i s c o n t r a r y 
to the f indings of F o r s s b e r g ( 3 ) for the E h r l i c h a s c i t e s t u m o r with h o m o l o ­
gous t r a n s f e r and an i r r a d i a t i o n dose of 1250 r . 

Our da ta show tha t t h e r e i s an inh ib i t ion of DNA s y n t h e s i s in the 
i r r a d i a t e d g roup ( h e t e r o l o g o u s t r a n s p l a n t ) , which i s c o n t r a r y to what i s 
s e e n when m i c e a r e i n o c u l a t e d with the donor c e l l s (homologous t r a n s ­
p l an t ) . U n r e p o r t e d r e s u l t s show an i n c r e a s e in DNA o v e r a 4 - d a y p e r i o d . 
Th i s s u g g e s t s t ha t the inh ib i t ion of DNA s y n t h e s i s of the t u m o r c e l l s in 
the r a t i s d e p r e s s e d b e c a u s e of the i m m u n o l o g i c a l r e s p o n s e . T h e r e i s a 
s ign i f ican t i n c r e a s e in ce l l popu la t ion a s we l l a s in ce l l m a s s . * The i n ­
c r e a s e in the p e r cen t of m i t o s i s ove r a 4 8 - h r p e r i o d i s the r e s u l t of 
p a r t i a l m i t o t i c inh ib i t ion ( a r r e s t e d m e t a p h a s e s ) , tha t i s , the i n c r e a s e d 
n u m b e r s of m i t o t i c f i g u r e s m a y r e s u l t f r o m i n c r e a s e d d u r a t i o n of v i s i b l e 
s t a g e s of nn i tos i s . H o w e v e r , t h e r e a r e a l s o c e l l s in v i s i b l e t e l o p h a s e , but 
the p e r c e n t a g e i s ex t renne ly low c o m p a r e d to the c o n t r o l s . It i s t r u e tha t 
by 48 h r m o s t of the c e l l s in m i t o s i s a r e a b n o r m a l . 

* P r e l i m i n a r y i n t e r f e r e n c e m i c r o s c o p e d e t e r m i n a t i o n s on ce l l s show 
a p r o g r e s s i v e i n c r e a s e in ce l l m a s s 72 h r a f te r i r r a d i a t i o n . 
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PARTITIONMENT OF THE RADIATION SYNDROME IN 
CHICK EMBRYOS FOLLOWING EXPOSURE 

TO Co^° GAMMA RAYS 

S, Phyll is S t e a m e r , Sylvanus A. Tyler , Margare t H. Sanderson and 
Emily J. Chr i s t ian 

Investigations of the acute radiat ion response in young chicks reveal 
an ear ly nnortality concentrated sufficiently at 1-2 days to be easi ly sepa­
ra ted from the la ter mor ta l i ty occurr ing between 3-12 days . Differences 
in the g ross pathology observed among decedents support the separat ion of 
the observed mor ta l i ty into two per iods and suggest that at leas t two d i s ­
tinct modes of injury compr i se the radiat ion e f f ec t . ' ^ ' ^ F r o m an analysis 
of the dose exposure - t ime re la t ionships by equimortal i ty groups for each 
mor ta l i ty per iod, it can be infer red that at leas t two different and independ­
ent injury p r o c e s s e s a r e operat ing within the acute per iod. (3 j Since the 
appearance of a l a rge number of radiat ion deaths on the f irs t day after 
i r rad ia t ion is unusual for modera te dosages , the behavior of the chick em­
bryo under s imi la r i r rad ia t ion became of immedia te in t e re s t . In an expe r i ­
ment involving 2500 embryos subjected to Co 7 - i r r a d i a t i o n , not only was 
a s imi la r f i rs t effect observed, but at l eas t two further indicators of injury 
m e c h a n i s m s , dist inct in tinne range of express ion , were revealed* 

Six-day chick embryos were exposed in ovo to doses ranging from 
800 to 13,000 r , del ivered over per iods varying from 15 min to 24 hr . 
T e m p e r a t u r e and humidity connparable to incubator conditions were ma in ­
tained during all exposures . Survival during the 12-day pos t i r rad ia t ion 
per iod was de termined by t rans i l luminat ion of the eggs. Recognition of 
radiat ion deaths is imposs ib le after 12 days . In the prehatching period 
(18-20 days of incubation) the re is high control mor ta l i ty assoc ia ted with 
physiological changes that occur p r io r to hatching,, Approximately 25 indi­
ca to r s of radiat ion damage were identified by g ross observat ion in m o r e 
than 1600 embryos autopsied at t ime of death. F r o m these , 3 sets of 
indicators were selected, on the bas i s of thei r in te r re la t ionships and s e ­
ver i ty , as descr ip t ive of independent injury p r o c e s s e s . Normally much 
of the c i rculat ing blood volume of a 6- or 7~day chick embryo is e x t r a ­
embryonic and only a smal l pa r t is p resen t in the embryo (Figure lOA), 
The f i r s t cha rac te r i z ing radiat ion syndrome is dist inguished by pooling of 
blood in the l a rge veins (Figure lOB). This syndrome is a lmost ent i re ly 
l imited to deaths occur r ing with 24 hr after i r r ad ia t ion . Commonly 
assoc ia ted with venous pooling a r e l a rge diffuse hemor rhages over the 
bra in and in the pos t e r io r appendages (Figure IOC). These effects con­
t r ibute to c i r cu la to ry col lapse . 
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Figure 10. Lesions associated with the first radia­
tion syndrome in 6-day chick embryos 
exposed to Co^O r - r a y s . 

A. Control embryo, 7 days of incubation. 
B. Blood pooled in the large veins 6 hours 

after exposure to 1000 r, delivered in 
15 min (cf, A). 

C. Large diffuse hemorrhage over mesen­
cephalon and massive hemorrhage in 
the right foot, present 24 hours after 
exposure to 1000 r. 



Local izat ion of fluid in the pe r i ca rd i a l sac and in subcutaneous 
ves ic les cha rac t e r i z e s the second syndrome (Figure 11). Lymph channels 
begin to function on the seventh and eighth day of incubation (1 to 2 days 
after i r rad ia t ion) . The plexuses drain into the super ior caval vein in the 
cerv ica l region and into the coccygeal in te r segmenta l vein in the region 
of the ta i l . Hemorrhag ic lymph vesse l s a r e frequently seen in this per iod, 
and fluid accumulation may resu l t from inadequate drainage from the 
lynnphatics. This express ion of injury is observed predonninantly in the 
mor ta l i ty occur r ing between 2 and 5 days pos t i r rad ia t ion . 

Extensive l iver pathology is consis tent ly p resen t in decedents 
after 5 days . Abnormal i t ies of the l iver include l a rge mult iple necro t ic 
a r e a s , extensive hemor rhages and marked atrophy (compare F i g s . I2A and 
I 2 B ) . This pathology is designated as the third radiat ion syndrome. In 
addition, evidence of typical "radiat ion d i s ea se" may be expressed in 
multiple petechiae in musc l e , subcutaneous t i s sue and v i s ce r a l su r faces . 
Other les ions occurr ing randomly throughout the 12-day per iod and l e s s 
pronounced in sever i ty were not used as indicators and a re thought to be 
nonspecific accompanying effects. 

In a p re l imina ry report(4) the second syndrome was considered 
as roughly cha rac te r i zed by a general ized edema. This condition we now 
feel to be a nonspecific phenomenon occur r ing also in associa t ion with the 
second and th i rd syndromes . Table 7 gives the daily frequency of deaths 
by syndrome. Few animals showed a combination of effects. In most 
cases those that p o s s e s s e d multiple syndromes can be ass igned a single 
syndrome by using tinne of death as the c r i t e r ion . The number of animals 
in which only edema was observed is significant, but for this d iscuss ion 
it is believed to be an accompanying effect. The daily frequency of deaths 
over the 12-day pos t i r rad ia t ion per iod is given in F igu re 13, based on the 
total number of embryos autopsied. The modal f requencies that appear at 
1,3 and 8 days a r e again seen in F igure 14, in which a re plotted the daily 
mor ta l i ty r a t e s for each of the th ree syndromes previously descr ibed . 
F r o m F igure 14, the t ime dis t r ibut ion of the th ree syndromes seems to be 
sufficiently dist inct in t ime to allow each to be descr ibed on the bas i s of 
t ime of death. Use of such a c r i t e r ion makes poss ible a unique c lass i f i ­
cation of al l decedents . This approach has pernnitted descr ipt ion of the 
dose expo su re - t i r ae re la t ions by syndrome, and the de terminat ion of con­
stants which c h a r a c t e r i z e injury p r o c e s s e s operating in the i r r ad ia t ed 
embryo. 
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Lesions associated with the second radi­
ation syndrome. 

Control, 9 days of incubation. 
Severe hydropencardium 3 days after 
exposure to 900 r . 
Fluid-filled vesicles m neck region m 
10-day embryo, 4 days after exposure 
to 950 r . 



Figure 12, Hepatic lesions characterizing the third radiation syndrome. 

A, Liver of control embryo, 15 days' incubation, 
B. Nine days after exposure to 1000 r; left lobe shows severe 

atrophy, with necrotic and hemorrhagic areas. Necrotic 
lesions and biliary obstruction are present in right lobe. 

TABLE 7 

Frequency of characterizing syndromes by day of death after irradiation 

Syndrome* 

1 
2 
3 
1.2 
1.3 
2.3 
1.2.3 
Edema 
None 

Total 

Days after irradiation 

1 

386 

2 

44 

432 

2 

16 
87 
1 

45 

2 
16 

167 

3 

9 
136 
9 
12 

2 
61 
12 

241 

4 

7 
37 
5 
1 
2 

9 

44 
4 

109 

5 

4 
10 
2 

3 

71 
16 

106 

6 

25 

47 

72 

7 

63 

1 

53 
3 

120 

8 

129 

1 
2 

21 

153 

9 

55 

13 

15 
15 

98 

10 

2 
58 

14 
1 

6 

81 

11 

17 

2 
8 

15 

42 

12 

24 

11 

35 

Total 

422 
272 
388 
60 
6 

60 
3 

335 
110 

1656 

• 1 , venous pooling; 2, localized fluid accumulation; 3, hepatic lesions. 
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Figure 13 

Daily frequency of death following y-irradiation 
of 6-day chick embryos, based on total number 
autopsied. 
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Figure 14 

Distribution of daily mortality rates 
by syndrome. 
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PHYSICOCHEMICAL CHARACTERIZATION OF 
GLUTAMIC-ASPARTIC TRANSAMINASE 

David A. Yphantis 

Samples of porcine g lu tamic -aspa r t i c t r ansaminase p repa red by 
Dr . W. T. Jenkins at Massachuse t t s Institute of Technology have been cha r ­
ac te r ized using the u l t racent r i fuge . Using a separa t ion cell techniquev-'-) the 
enzymatic activity has been identified with the main component of the prepa­
ra t ions . Sedimentation analyses showed the p repara t ions to be 81 ± 3% p u r e . 
The active component had an apparent diffusion coefficient, D^Q ^ = 4.6 ± 0.1 x 
10"^ cm^sec"^ and a sedimentat ion coefficient, S2o,w - 5.24 x 10" sec at 
a concentrat ion of 12.6 m g / m l in 0.15 M Tr i s - HCl buffer at pH 8.0. The 
molecular weight calculated from these, on assumpt ion of a par t ia l specific 
volume of 0.745, is 108,000 ± 3000. 

A molecu la r weight of 110,000 ± 11,000 was es t imated for the active 
component from approach- to -equ i l ib r ium runs using modifications of the 
Archibald technique.'^'-^''*) 

The pyridoxal phosphate content of the p repara t ions cor responds to 
a min imum molecular weight of 57,800 ± 3000; thus there a r e two molecules 
of pyridoxal phosphate per enzyme molecule of molecular weight 
115,000 ± 6000. 

References 

1. Yphantis, D. A. and D. F . Waugh. Ultracentr i fugal cha rac te r i za t ion by 
d i rec t measurennent of act ivi ty . I. Theore t ica l . II. Exper imen ta l . 
J . P h y s . Chem. 60: 623-635 (1956). 

2. Klainer , S. M, and G. Kegeles . Simultaneous de terminat ion of molecular 
weight and sedimentat ion cons tan ts . J . Phys . Chem. 59:952-955 (1955). 

3. Ginsburg, A., P . Appel, and H. K. Schachman. Molecular-weight de ­
te rmina t ion during the approach to sedimentat ion equi l ibr ium. Arch . 
Biochem. Biophys, 65:545-566 (1956). 

4 . Ehrenberg , A. Determinat ion of molecu la r weights and diffusion coef­
ficients in the u l t racent r i fuge . Acta Chem.Scand . 11: 1257-1270 (1957). 



ABSOLUTE MEASUREMENTS OF SPHERICAL PARTICLES OF 
SOME POLYSTYRENE LATEXES 

H e r b e r t E . K u b i t s c h e k and John F . T h o m s o n 

D u r i n g the l a s t d e c a d e p o l y s t y r e n e s p h e r e s have b e e n u s e d a s s t a n d ­
a r d s for the m e a s u r e m e n t of s i z e s of c e l l s and ce l l e l e m e n t s wi th e l e c t r o n 
m i c r o s c o p y . In the m o r e r e c e n t w o r k the p o l y s t y r e n e l a t e x e s have b e e n r e ­
p l a c e d by r e p l i c a g r a t i n g s for g r e a t e r a c c u r a c y . N e v e r t h e l e s s , t h e s e l a t e x e s 
can be v e r y use fu l a s s t a n d a r d s in m a n y o t h e r m e a s u r e m e n t s , e s p e c i a l l y 
t h o s e m a d e upon l iv ing m a t t e r in s u s p e n s i o n . B e c a u s e of t h e i r p o t e n t i a l i m ­
p o r t a n c e , we have a t t e m p t e d to m e a s u r e the m e a n d i a m e t e r s of the s p h e r e s 
of s e v e r a l p o l y s t y r e n e l a t e x e s , o b t a i n e d t h r o u g h the c o u r t e s y of 
D r . J . Vanderhoff , Dow C h e m i c a l C o m p a n y . A b s o l u t e m e a s u r e m e n t s of 
m e a n d i a m e t e r s w e r e m a d e by p h a s e c o n t r a s t and e l e c t r o n n n i c r o s c o p y , and 
by c e n t r i f u g a t i o n in a s u c r o s e g r a d i e n t . 

F o r the o p t i c a l m e a s u r e m e n t s a s m a l l v o l u m e ( p l a t i n u m loop) of the 
l a t e x w a s a d d e d to a d r o p of m i c r o s c o p e oil ( C a r g i l l e ' s ; d e n s i t y , 1.515) upon 
a m i c r o s c o p e s l i d e and m i x e d g e n t l y . The r e s u l t i n g e m u l s i o n , a f t e r b e i n g 
c o v e r e d wi th a s l i p , often d i s p l a y e d s i n g l e l a y e r s of the s p h e r e s in h e x a g o n a l 
a r r a y in the oi l p h a s e . Op t i ca l d i f f i cu l t i e s w e r e a v o i d e d in m e a s u r i n g the 
l e n g t h of a l ine of s p h e r e s in s u c h an a r r a y by m e a s u r i n g bet 'ween the po in t s 
of c o n t a c t b e t w e e n the o u t e r m o s t s p h e r e s and t h e i r n e i g h b o r s . The o c u l a r 
r e t i c l e u s e d in t h e s e m e a s u r e n n e n t s w a s c a l i b r a t e d a g a i n s t a s i l i c o n r e p l i c a 
g r a t i n g of 30,000 l i n e s p e r i n c h . R e s u l t s a r e g iven in T a b l e 8. 

T A B L E 8 

M e a s u r e m e n t s of p o l y s t y r e n e s p h e r e s 

Run or 
lot number 

15 N-8 
LS-067-A 
L-3830-1 
L-3830-19-E 

Diamete r , l isted 
values , jLi 

0.511 ± 0.007 
1.171 ± 0.0133 

1.8 
3.0 

Measured d iame te r , /J. 

Phase 
con t ras t 

1.132 ± 0.002 
1.671 ± 0.003 
3.186 ± 0.001 

Elec t ron 
mic roscope 

1.198+ 0.002 
1.708 
3.205 

Sucrose 
gradient 

0.519 ± 0.007 
1.126 ± 0.016 
1.669 ± 0.022 

E l e c t r o n m i c r o g r a p h s \ / e r e m a d e of p a r t i c l e s d e p o s i t e d upon c a r b o n 
m e m b r a n e s d e p o s i t e d upon c o l l o d i o n - c o v e r e d c o p p e r g r i d s . E a c h s e t of 
four m i c r o g r a p h s w a s m o n i t o r e d a g a i n s t the s i l i c o n r e p l i c a g r a t i n g . The 
i n a c c u r a c i e s of t h i s m e t h o d inc lude the c h a n g e in a p p a r e n t c r o s s s e c t i o n of 
the p o l y s t y r e n e s p h e r e s u n d e r e l e c t r o n i m p a c t and the n o n l i n e a r i t y of the 
i m a g e s o b t a i n e d . 



For measu remen t s in sucrose gradients , essent ia l ly l inear gradients 
were prepared with sucrose concentrat ions ranging from 2 to 10%, and with 
uniform concentrat ions of 0.5% NaCl. Small volumes (0.05 to 0.10 ml) of 
latex suspensions were layered onto these gradients and centrifuged at 1°C. 
After centrifugation, the dis tances that the bands of par t ic les had moved 
from the meniscus were measu red (see Figure 15). The mean par t ic le 
d iameter was calculated from a derivation of Stokes ' law containing em­
pir ica l cor rec t ions for changes m the viscosi ty and density of the medium 
in t e r m s of tube length.'•'•) The resu l t s of these measu remen t s agree well 
with the optical measurennents . 

Figure 15. Separation of polystyrene latex spheres by density-gradient centrifugation. Runs A and B, 
108 particles layered; Run C, lo ' ' particles. Run A, (̂ ^̂ t s 4, 054 x 10^ sec"l ; Run B, 
1. 554 X 108 sec"-*-; Run C, 1. 589 x 10^ sec"''-. In Run A, the band represents 1.13-jJ. 
particles; in Runs B and C, the upper bands are 1.13-;Li.particles, the lower bands 1. 67-M 
particles. In Run B, faint bands can be seen slightly below the principal ones; these 
represent "doublets" of the particles (1. e. , apparent diameter of 1. 43 fi and 2.10/x). 
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3 - A M I N O - l , 2 , 4 - T R I A Z O L E 

IX. The h e a t - s t a b l e f a c t o r n e c e s s a r y for inh ib i t ion of c a t a l a s e 

R o b e r t N. F e i n s t e i n 

It h a s b e e n d e m o n s t r a t e d tha t in d i lu t e so lu t ion 3 - a m i n o - 1 , 2 , 4 -
t r i a z o l e (AT) wi l l , upon i n c u b a t i o n , inh ib i t t h e c a t a l a s e a c t i v i t y of t i s s u e 
h o m o g e n a t e s but not of p u r i f i e d c a t a l a s e . ( U T h i s s u g g e s t s t h a t c r u d e 
t i s s u e s c o n t a i n an add i t i ona l f a c t o r wh ich i s n e c e s s a r y f o r the AT effect , 
and s u c h a f a c t o r i s i n d e e d to b e found in a v a r i e t y of t i s sues . ' ^ ' "^^ It i s 
s t a b l e to 20-n:iin h e a t i n g in bo i l i ng w a t e r ove r a pH r a n g e fronn 3 to 1 1 , and 
so i s r e f e r r e d to a s the h e a t - s t a b l e f a c t o r (HSF) . T h e HSF con t en t of a 
v a r i e t y of r a t t i s s u e s i s l i s t e d in T a b l e 9-

T A B L E 9 

Heat -s tab le factor (HSF) content of ra t t i s sues 

T i s sue 

Whole blood 
Tes t i s 
Bra in 
Spleen 
Intestine 
Kidney 
Liver 

Half-inhibition 
concentra t ion,* % 

0.85 
0.19 
0.15 
0.13 
0.11 
0.09 
0.05 

-'"'Half-inhibition concentration" refers to the concentration 
(expressed as per cent of whole fresh tissue) of heat-stable super­
natant fluid required to reduce the activity of a crystalline catalase 
preparation to half that obtaining in the absence of the HSF, after 
a standard 3e-min, 37° C, incubation with AT. Preparation of 
the tissues consisted of homogenizing as 2̂ 0 aqueous homogenates, 
heating for 10 min in a boiling water bath, rehomogenizing, cen-
trifuging, filtering the supernatant fluids, and finally diluting the 
filtrates serially over the desired range. The amounts of catalase 
inhibition brought about by the various dilutions were plotted on 
semilog paper, and the BCPjo inhibition value was interpolated. 

A c o m m e r c i a l d e h y d r a t e d b e e f k i d n e y p o w d e r , * * d e f a t t e d w i t h e t h y l ­
e n e d i c h l o r i d e , h a s s e r v e d a s a c o n v e n i e n t s o u r c e of t h e h e a t - s t a b l e f a c t o r . 
A p p r o x i m a t e l y 1 m g of t h i s k i d n e y p o w d e r g i v e s a m a x i m a l r e s p o n s e in t h e 
s y s t e m u s e d . In a n a t t e m p t t o o b t a i n s o m e i n f o r m a t i o n a s t o t h e c h e m i c a l 
n a t u r e of t h e H S F , t h e s u p e r n a t a n t s o l u t i o n s of h e a t e d , c e n t r i f u g e d s u s ­
p e n s i o n s of t h e k i d n e y p o w d e r w e r e e x t r a c t e d w i t h p e r o x i d e - f r e e e t h e r 

* V i o B i n C o r p o r a t i o n , M o n t i c e l l o , I l l i n o i s . 



containing smal l amounts of ethanol. The resul t ing aqueous phase was com­
pletely devoid of HSF act ivi ty. The e ther phase , reduced to d ryness and 
dissolved in water , was also free of such activity, as was combination of the 
aqueous phase and the reconst i tuted ether phase . Such loss of activity could 
also be brought about by mixing with ethanol and evaporating off the ethanol. 
The effect was not produced by corresponding t rea tment with chloroform, 
acetone, or a lcohol-free e ther , however, and thus is apparent ly an effect of 
the ethanol content of the ether used. 

Not only does the alcohol t r ea tment des t roy HSF activity, but it ap ­
parent ly c r ea t e s a new factor , which, when added in ext remely smal l amounts 
to an incubated ca ta lase -AT-HSF sys tem, prevents the otherwise invariable in­
hibition of ca ta lase act ivi ty . An indication of the effectiveness of this a lcohol-
t rea ted m a t e r i a l in preventing the inhibition is given in Table 10 . In repeated ex­
per iments , excellent effects have been obtained from a lcohol - t rea ted HSF 
prepara t ions containing l e s s than one- th i rd ^g dry weight. Alcohol- t rea ted 
HSF prepara t ions which will thus prevent the usual inhibition will not r e v e r s e i t . 

TABLE 10 

Prevent ion of AT-HSF inhibition of ca ta lase 
by a lcohol - t rea ted HSF 

Concentrat ion of 
a lcohol - t rea ted 

HSF, jug/ml 

0 
0.256 
1.28 
6.4 

32.0 

Catalase 

Initial 

2.12 
2.32 
2.31 
2.30 
2.36 

activity, pe rbora te un i t s /ml 

At 30 min 

0.56 
0.71 
1.02 
2.16 
2.16 

Dec rease 

1.56 
1.61 
1.29 
0.14 
0.20 

Assay sys tem: AT, 0.02 M; HSF, 0.5 mg-equ iva len t s /ml ; 
ca ta lase , 0.5 /jl commerc ia l suspens ion /ml ; 
incubation, 30 min at 37°C (mg-equivalent 
r e f e r s to the m a t e r i a l resul t ing from the 
t r ea tmen t of 1 mg original dehydrated 
beef kidney). 

As noted above, HSF t rea ted with peroxide- f ree , alcohol-containing 
ether will prevent ca ta lase inhibition by an otherwise active AT-HSF 
sys tem. If, however, act ive HSF is t rea ted with a lcohol- f ree , peroxide-
containing e ther , an inc rease HSF activity will be noted. This has been 
t raced to the peroxide content of the e the r . P e r o x i d e - r i c h ether can be 
evaporated to d ryness , leaving a thin, somet imes undetectable film of 
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(presumably) ether peroxides , and this res idue , dissolved in water , s e rves 
effectively as an HSF sou rce . It has been designated a "pseudo hea t - s tab le 
factor" (PHSF), and its p roper t i e s follow surpr is ingly closely those of the 
t rue HSF from l iver , kidney, e tc . 

Among these p rope r t i e s a r e the following. 

1. Combination with AT, e i ther the t rue or the pseudo HSF will 
inhibit c a t a l a se . 

2. Trea tment with ethanol or ethanol-containing ether prevents 
ca ta lase inhibition by an otherwise active sys t em. Ei ther the 
t rue or the pseudo HSF, after alcohol t r ea tment , will abolish 
the effect of e i ther one of the H S F ' s . 

3. Ei ther is absorbed on the anion exchanging r e s in Dowex 1. 

4. Phosphate buffer will elute e i ther HSF from Dowex 1. 

5. Neither is adsorbed on the cation exchanger Dowex 50. 

6. When t rea ted with ethanol, nei ther is adsorbed on ei ther Dowex 1 
Dowex 50. 

On the other hand, ce r ta in points of d i spar i ty exist between the two 
types of p r e p a r a t i o n s . 

1. Whereas doubling the concentrat ion of the t rue HSF will double 
the effect on ca ta lase (within t heas sayab le range), it r equ i r e s 
approximate ly a five-fold i n c r e a s e in PHSF concentrat ion to 
double the effect on ca t a l a se . 

2. The t rue HSF is re la t ively unstable; if incubated in neu t ra l 
aqueous solution at 37° C. for 2 hr . , it loses approximate ly 
50% of i ts activity; during a second 2-hr period, 50% of the r e s i ­
dual activity d i s a p p e a r s . The PHSF, on the other hand, shows no 
diminution of activity tinder identical c i r cu ra s t ances . 

3. If the t rue HSF is incubated with AT p re l imina ry to admixture 
with ca ta lase , the d e c r e a s e in HSF activity is great ly augmented; 
in 2 hr , 87% of the activity d i sappea r s ; after 4 hr , only 9% of the 
init ial activity r e m a i n s . The PHSF prepara t ion , however, loses 
no activity in an ident ical s i tuat ion. 

Two possible explanations suggest themse lves with r ega rd to the two 
la t te r points of d i spar i ty . F i r s t , the t rue and the pseudo HSF may actually 
be different molecu les , the l a t t e r a m o r e stable one. Second, the two may be 
identical , but the t rue HSF may be p resen t in so complex a mi l ieu that it 
r eac t s with some other component of the mi l ieu and so becomes diminished 
in act ivi ty . This has been tes ted by examining sys t ems containing the t rue 



and the pseudo HSF, separa te ly and together . In these sys tems it is found 
that although the initial level of HSF activi ty in the p resence of both nna-
t e r i a l s is approximately equal to the sum of the two individuals, after a 
period of incubation the combined activity has dec reased to that of the 
PHSF alone. This is t rue in both the p resence and the absence of AT. It 
thus appears probable that, despi te their many s imi l a r i t i e s , the " t rue" 
HSF from animal t i s sues and the "pseudo" HSF from peroxide-containing 
ether a r e not ident ical . As additional evidence of the nonidentity of the 
two, there may be cited the fact that it has not been possible to detect 
peroxides in HSF p repa ra t ions ; however, the biological ( i .e . , c a t a l a se -
inhibitory) effect is m o r e sensi t ive than the chemical (ACS standards) 
tes t for peroxides by a factor of at leas t 25, thus requir ing an HSF con­
centra t ion near the maximal obtainable. When it becomes feasible to 
concentra te HSF activity beyond this point, the question of identity or 
nonidentity will be re inves t iga ted . To the presen t , all efforts at pu r i ­
fication of the HSF have failed, chiefly due to the instabil i ty of the ma te r i a l 
an instabil i ty which appears to be independent of pH, degree of oxygen­
ation, or the removal of inactive m a t e r i a l . 

There have been recen t suggestions in the l i tera ture^ ' ^ that the 
inhibition of ca ta lase by AT and HSF may in rea l i ty be due to slow, con­
tinuous formation of hydrogen peroxide from the HSF by autoxidation, the 
H2O2 then destroying the ca ta lase under the influence of the AT. 
Margol iash and NovogrodskyV^) have in fact demons t ra ted that if H2O2 is 
permi t ted to dialyze slowly into a mixture of ca ta lase and AT, the ca ta lase 
activity will be reduced; in the absence of the AT, or if the H2O2 is initially 
p resen t in high concentrat ion, such reduction in activity does not occur . 
The significance of these la t ter findings is not immedia te ly apparent , nor 
a r e they n e c e s s a r i l y the explanation of the findings repor ted above. 

The effect of alcohol in preventing AT-HSF inhibition of ca ta lase 
has been suggested^"*""' to be due to a coupled oxidation of the ethanol by 
formed H2O2, the ca ta lase here acting as a pe rox idase . The ethanol thus 
prevents the accumulat ion of inactive catalase-H2O2 complex II and so 
min imizes ca ta lase inact ivat ion. This s eems an incomplete , if indeed at 
all accura te , explanation of the ethanol effect observed. It cer ta in ly does 
not account for the fact that e thanol - t rea ted HSF, in the complete absence 
of ca ta lase , is no longer retained on a Dowex-1 column, nor does it ex­
plain the observed i r r eve r s ib i l i t y by ethanol of AT-HSF inactivation of 
ca t a l a se . 

It thus appears essen t ia l to design exper iments c ruc ia l to the point 
of whether there is actually a single molecular species accounting for the 
so-ca l led HSF effect, or whether this is in fact an autoxidation of a var ie ty 
of sulfhydryl and re la ted compounds to yield H2O2 which, in the p resence 
of AT, inact ivates ca t a l a se . If the l a t t e r , the re is then obviously no point 
in efforts to isolate and identify an active molecular spec ies . 
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PROGRESS REPORT: THE ENZYMATIC DECOMPOSITION 
OF S-ADENOSYLMETHIONINE 

Stanley K. Shapiro and Adaline N. Mather* 

In the course of studies with S-adenosylmethionine as a methyl 
donor for the homocys te ine - t ransmethy lase sys tem of bac te r i a l and yeas t 
cells,(-^z it was apparent that the methyl donor is decomposed enzymat ical ly . 
P r e l i m i n a r y observat ions concerning this enzymatic decomposit ion of S-
adenosylmethionine have been repor ted previously from this laboratory.l'^"'*) 
In all the sys t ems that have been invest igated, the pa t tern of enzymatic de ­
s t ruct ion appears to be s imi la r , but the speed of the react ion va r i e s grea t ly . 
Cel l - f ree ex t rac t s of Aerobac te r aerogenes were selected for this study be­
cause the eAzymes degrading S-adenosylmethionine a r e par t i cu la r ly ac t ive . 

After incubation of S-adenosylmethionine with ce l l - f ree ex t rac t s of 
A. ae rogenes , aliquots of the react ion mix tu res were placed on paper ch ro -
m a t o g r a m s for analys is of the decomposit ion produc ts . Adenine and much 
sma l l e r amounts of hypoxanthine were the only purine compounds formed. 
The only sulfur-containing product was methyl th ior ibose . Homoserine and 
cx-amino-7-butyrolactone were the only amino acid decomposit ion products . 

Fo rma t ion of (X-amino-7-butyrolactone. The isolation and identifi­
cation of the lactone of homoser ine as a product of the chemical hydrolysis 
of S-adenosylmethionine has been observed by P a r k s and Schlenk.(5) 
Homoser ine lactone is formed from S-adenosylmethionine by ex t rac t s of 
A. ae rogenes . Identical react ion mix tu res with homoser ine as subs t ra te 
failed to yield detectable amounts of the lactone during a period of 5 h r . 
It appears that the enzymatic formation of the la t te r compound p recedes 
the formation of homose r ine . F u r t h e r m o r e , pure a -amino-7-butyro lac tone 
is converted to homoser ine at v i r tual ly the same ra te with or without the 
p resence of a crude enzyme mix tu re . Consequently, the actual enzymatic 
product resul t ing from the four-carbon amino acid moiety of 
S-adenosylmethionine is apparent ly a - amino -7 -bu ty ro l ac tone , which is 
converted to homoser ine by a nonenzymatic p r o c e s s . 

Decomposit ion of methyl thioadenosine. Along with the formation of 
a - amino -7 -bu ty ro l ac tone one would expect methyl thioadenosine. However, 
only t r a c e s of this compound a r e found during the enzymatic decomposit ion 
of S-adenosyl -L-methionine , but adenine and methyl th ior ibose accumula te . 
A compar i son of the ra te of formation of methyl thior ibose from S-adenosyl-
L-methionine and methylthioadenosine is shown in F igure 16. It is obvious 
that methylthioadenosine is decomposed much more rapidly (about 6 t i raes 
faster) than is S-adenosyl -L-meth ionine . Under identical conditions 

*Resident R e s e a r c h Assoc ia te . 



m e t h y l t h i o a d e n o s i n e i s c o n v e r t e d q u a n t i t a t i v e l y t o m e t h y l t h i o r i b o s e i n 2 .5 h r 
w h i l e o n l y 2 5 % of S - a d e n o s y l - L - m e t h i o n i n e i s d e c o m p o s e d to t h e s a m e p r o d ­
u c t . T h u s i t i s c l e a r t h a t m e t h y l t h i o a d e n o s i n e i s d e c o m p o s e d a s r a p i d l y a s 
i t i s f o r m e d f r o m S - a d e n o s y l - L - m e t h i o n i n e . 

The formation of methylthioribose from 
S-adenosyl-L-methionine (o) and 
methylthioadenosine (A) as a function 
of time. Ten ml of each reaction 
mixture contained 80/i M substrate and 
50 mg of protein of _A. aerogenes 
extract, and were incubated at 35 in 
0.1 M^phosphate buffer, pH 6. 8. 
One-ml samples were removed every 
30 min for the determination of 
methylthioribose. 

0 1 2 3 4 

TIME (hours) 

C o m p a r i s o n of the r e a c t i o n s . A c o m p a r i s o n of the r e a c t i o n p r o d u c t s 
f o r m e d f r o m S - a d e n o s y l m e t h i o n i n e , i n e t h y l t h i o a d e n o s i n e and a d e n o s i n e is 
g iven in Tab le 1 1 . The h o m o s e r i n e f i gu re r e p r e s e n t s the va lue ob ta ined 
f r o m the c o m b i n e d e l u a t e s of a - a m i n o - 7 - b u t y r o l a c t o n e and h o m o s e r i n e . 
It is i n t e r e s t i n g to note tha t m e t h y l t h i o a d e n o s i n e i s m o r e r a p i d l y d e c o m ­
p o s e d than a d e n o s i n e , s u g g e s t i n g tha t d i f fe ren t n u c l e o s i d a s e s a r e i nvo lved . 
It i s a g a i n c l e a r tha t m e t h y l t h i o a d e n o s i n e i s m u c h m o r e r a p i d l y d e c o m p o s e d 
than S - a d e n o s y l - L - m e t h i o n i n e . Thus the e n z y m a t i c d e c o m p o s i t i o n of 
S - a d e n o s y l - L - m e t h i o n i n e m a y be d e s c r i b e d a s fo l lows: 

S - A d e n o s y l - L - m e t h i o n i n e 

•I 
M e t h y l t h i o a d e n o s i n e + a - A m i n o - 7 - b u t y r o l a c t o n e 

II III ( n o n e n z y m a t i c ) 

A d e n i n e + M e t h y l t h i o r i b o s e H o m o s e r i n e 

U n d e r t h e s e c o n d i t i o n s , h o m o s e r i n e , a d e n i n e , a n d m e t h y l t h i o r i b o s e 
a r e n o t m e t a b o l i z e d a n d a c c u m u l a t e a s e n d p r o d u c t s of t h e r e a c t i o n . W i t h 
f r e s h p r e p a r a t i o n s of e n z y m e , a d e n i n e i s d e a m i n a t e d to h y p o x a n t h i n e . 
S i n c e r e a c t i o n II p r o c e e d s m u c h f a s t e r t h a n r e a c t i o n I, t h e c o n c e n t r a t i o n 
of m e t h y l t h i o r i b o s e m a y b e u s e d a s a c o n v e n i e n t m e a s u r e of t h e r a t e of 
d e c o m p o s i t i o n of S - a d e n o s y l - L - m e t h i o n i n e . 

Figure 16. 



TABLF 11 

Fnzymatic decomposition of S-adenosylmethionine and methylthioadenosine* 

S-Adenosyl-L-
methionine 

S-Adenosyl-D-
methionine 

Methylthio­
adenosine 

Adenosine 

Quantity 
of 

subs t r a t e 

9 . 4 

9. 3 

8 1 

8 . 3 

Reaction products 

S-Adenosylmethionine 

7 . 5 

8 . 8 

0 

0 

Methylthioadenosine 

0 1 

_ _ . • 

0 

0 

Adenosine 

0 

--.. 

0 

5 8 

Aden ine 

2 . 0 

_ _ • . 

8 . 2 

2 . 6 

Met lylthioribose 

1.9 

0 . 4 

8 .0 

0 

Homoserine 

2 . 0 

-- * * 

0 

0 

*A11 quantities are expressed as jM per 2 ml of reaction mixture. The mixtures contained 10 mg protein of 
A- aerogenes extract and were incubated for 3 hr at 35°C in 0.1 M phosphate buffer, pH 6.8. 

•*Not determined, see text. 

The react ion is s tereospecif ic in that only S-adenosyl-L-methionine 
se rves as a subs t r a t e . The amount of methyl thior ibose produced from 
S-adenosyl-D-methionine (Table 11) is equivalent to the amount of L - i somer 
presen t in the prepara t ions of S-adenosyl-D-methionine. 

Ex t rac t s of Â . aerogenes that have been dialyzed for 24 hr against 
0.01 M phosphate buffer, pH 6.8, re ta in full activity in the enzymatic de­
composition of S-adenosyl-L-methionine and methylthioadenosine. Heating 
the crude ext rac t for 5 min at 80° C resu l t s in inactivation of both enzymes . 
However, when this ex t rac t is heated at 70° C for 2 min, react ion II is de­
c reased sufficiently so that methylthioadenosine can be identified quali­
tatively as a product of react ion I. 
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PROGRESS REPORT: PROTEIN SYNTHESIS IN PANCREAS 

V. Frac t iona l Extrac t ion and Prec ip i ta t ion of Panc rea t i c Enzymes 

Anna Kane Lai rd and A. D. Barton 

Prev ious s tudies of this seriesv^"^/ have descr ibed the in t race l lu la r 
d is t r ibut ion of amylase in the pancreas and the changes observed in this 
dis t r ibut ion during the s ec r e to ry cyc le . The p re sen t r epor t concerns the 
extract ion of amylase and l ipase from the s e c r e t o r y granules and m i c r o -
sonnes by seve ra l ionic media , and the precipi tabi l i ty of these enzymes and 
of the RNA of the final supernatant fluid at pH 5. 

Male Sprague-Dawley r a t s weighing 350-450 g were used for these 
exper iments ; they were fed ad l ibitum, with the exceptions noted below. 
They were kil led in the morning, s e v e r a l hours after the completion of 
their nocturnal feeding; the panc reas t i s sue was,therefore>in the late r e ­
covery phase following the depletion of i ts enzymes by feeding. F o r the 
exper iments with s e c r e t o r y granules and m i c r o s o m e s , the panc rea se s 
from 4 to 6 r a t s were homogenized in 0.88 Ivl suc rose , and the s e c r e t o r y 
granules were isolated from this medium as desc r ibed before.v^) The 
20,000 X g supernatant fluid containing the m i c r o s o m e s and soluble p r o ­
teins was then diluted 3.5-fold to reduce the suc rose concentrat ion to 
0.25 M; in this medium the m i c r o s o m e m a t e r i a l is sedimented m o r e 
near ly completely during the subsequent centrifugation at 105,000 x g for 
65 minS ' ' The s e c r e t o r y granule and m i c r o s o m e fract ions from 3 to 5 g 
of panc reas were suspended in 10 cc of 1% sodium aceta te at pH 6.8 (cf 6). 
The suspension was allowed to stand in the cold for 10 to 30 min and was 
then centrifuged at 20,000 x g for 10 min . Both ex t r ac t s were c lear ; the 
s e c r e t o r y granule ex t rac t was co lo r l e s s and that from the m i c r o s o m e s 
was pink. The sediment from the s e c r e t o r y granules was sma l l e r and 
brownish gray in cont ras t to i ts original white color , while that from the 
m i c r o s o m e s was pink and opaque in con t ras t to i ts re la t ive t rans lucency 
when f i r s t i sola ted. These sediments were then ex t rac ted in 0.01 M 
phosphate buffer at pH 8.0 by a p rocedure identical to that used for the 
extract ion with sodium ace ta t e . The phosphate ex t rac t s and sediments 
were s imi la r in appearance to those obtained with ace ta t e . Final ly the 
sediments were extracted in 0.06% sodium desoxycholate by the same 
procedure ; the ex t rac t s were w a t e r - c l e a r , and the sedinnents were not 
changed in appea rance . 

The supernatant fluid was p r epa red by two different p r o c e d u r e s 
from an imals s ta rved overnight . In one case the pancreas was homogenized 
d i rec t ly in 0.25 M suc rose and the homogenate centrifuged at 105,000 x g 
for 65 min . In the second, the supernatant fluid was obtained by a p r o ­
cedure s imi l a r to that desc r ibed above for obtaining m i c r o s o m e s : the 



20,000 X g s u p e r n a t a n t fluid f r o m a h o m o g e n a t e p r e p a r e d in 0.88 M s u c r o s e 
w a s d i lu ted 3 .5-fold and then c e n t r i f u g e d a t 105,000 x g for 65 m i n . In both 
c a s e s , a f t e r r e m o v a l of s a m p l e s for a n a l y s i s , the s u p e r n a t a n t fluid w a s 
b r o u g h t to pH 5 by the add i t i on of one d r o p of 1 N_acet ic a c i d . The c loudy 
s u s p e n s i o n tha t r e s u l t e d w a s cen t r i f uged a t 105,000 x g for 15 m i n . 

The v a r i o u s f r a c t i o n s ob t a ined w e r e a n a l y z e d for p r o t e i n by the 
m e t h o d of L o w r y et a l . , v ' ) for a m y l a s e by a s l i gh t m o d i f i c a t i o n of the 
m e t h o d of M e y e r et a l . , ( ° ) and for l i p a s e by the m e t h o d of S e l i g m a n and 
N a c h l a s , ' " / u s i n g s o d i u m t a u r o c h o l a t e in the m e d i u m . The RNA con ten t of 
the s u p e r n a t a n t fluid and i t s f r a c t i o n s w a s d e t e r m i n e d by S c h n e i d e r ' s 
method.^-'^ 

The p r o t e i n , a m y l a s e and l i p a s e c o n t e n t s of the t h r e e e x t r a c t s and 
of the f inal s e d i m e n t s ob ta ined f r o m the s e c r e t o r y g r a n u l e s and m i c r o ­
s o m e s a r e g iven in T a b l e s 12 and 13. It i s ev iden t t ha t u n d e r the cond i t i ons 
of t h e s e e x p e r i m e n t s : (1) the s o d i u m a c e t a t e e x t r a c t e d abou t half the p r o ­
t e in f r o m both the s e c r e t o r y g r a n u l e s and the m i c r o s o m e s ; (2) p h o s p h a t e 
buffer a t pH 8 e x t r a c t e d about half the r e m a i n i n g p r o t e i n f r o m both ce l l 
f r a c t i o n s ; and (3) s o d i u m d e s o x y c h o l a t e e x t r a c t e d abou t 2 / 3 of the r e m a i n ­
ing p r o t e i n f r o m the s e c r e t o r y g r a n u l e s , bu t only abou t 1/4 of t ha t f r o m 
the m i c r o s o m e s . The d i s t r i b u t i o n of the a m y l a s e and l i p a s e in the e x t r a c t s 
w a s qui te d i f f e r e n t f r o m tha t of the p r o t e i n ; abou t 80% of the a m y l a s e of 
the s e c r e t o r y g r a n u l e s w a s found in the a c e t a t e e x t r a c t , and 80% of the r e ­
m a i n d e r w a s e x t r a c t e d by p h o s p h a t e buffer a t pH 8, l e av ing a n i n s ign i f i c an t 
r e s i d u e in the d e s o x y c h o l a t e e x t r a c t and the f inal s e d i m e n t . Al though about 
half the a m y l a s e of the m i c r o s o m e s w a s e x t r a c t e d by a c e t a t e , in r o u g h 
p r o p o r t i o n to the p r o t e i n e x t r a c t e d , e s s e n t i a l l y a l l the r e m a i n i n g a m y l a s e 
w a s r e m o v e d by p h o s p h a t e buffer a t pH 8. V e r y l i t t l e o r no l i p a s e was 
e x t r a c t e d by the r e a g e n t s u s e d in t h e s e e x p e r i m e n t s ; s i n c e the r e c o v e r y 
w a s low, e s p e c i a l l y f r o m the s e c r e t o r y g r a n u l e s , it i s p o s s i b l e tha t s o m e 
i n a c t i v a t i o n o c c u r r e d a l s o d u r i n g t h e s e p r o c e d u r e s . 

The d i s t r i b u t i o n of p r o t e i n , RNA, a m y l a s e and l i p a s e in the pH 5 
f r a c t i o n s of the s u p e r n a t a n t fluid i s g iven in Tab le 14. It i s ev iden t t ha t 
the m e t h o d of p r e p a r a t i o n of the h o m o g e n a t e i n f l uences the r e s u l t s ob ta ined 
( t h e s e d i f f e r e n c e s have b e e n ob ta ined in s e v e r a l e x p e r i m e n t s ; T a b l e 14 
g ives r e s u l t s t y p i c a l of t h o s e o b t a i n e d ) . H o m o g e n i z a t i o n of the p a n c r e a s in 
0.25 M^ s u c r o s e r e s u l t e d in a m u c h h i g h e r y i e ld of so lub le p r o t e i n than did 
h o m o g e n i z a t i o n in 0.88 M s u c r o s e fol lowed l a t e r by d i lu t ion to 0.25 M, a f t e r 
r e m o v a l of the l a r g e r p a r t i c u l a t e f r a c t i o n s . The a d d i t i o n a l p r o t e i n w a s 
found m a i n l y in the f r a c t i o n not p r e c i p i t a t e d a t pH 5. Al though the to t a l 
a m o u n t s of RNA and a m y l a s e in the s u p e r n a t a n t f luid w e r e s i m i l a r in the 
two e x p e r i m e n t s , t h e i r r e s p o n s e s a t pH 5 d i f fe red c o n s i d e r a b l y depend ing 
on the i n i t i a l m e d i u m of h o m o g e n i z a t i o n . R e l a t i v e l y l i t t l e of the RNA was 
p r e c i p i t a t e d when the h o m o g e n a t e had b e e n p r e p a r e d in 0.25 _M s u c r o s e , but 
m o r e than half w a s p r e c i p i t a t e d when the h o m o g e n a t e had b e e n m a d e in 
0.88 M s u c r o s e . 



TABLE 12 

Dis t r ibu t ion of p ro te in , a m y l a s e , and l i pase af ter ex t r ac t ion of s e c r e t o r y g r a n u l e s 
with sodium a c e t a t e , phosphate buffer (pH 8.0), and sodium desoxychola te 

Or ig ina l s e c r e t o r y g ranu le s 

Aceta te supe rna tan t 
Ace ta te s ed imen t 

Phospha te supe rna t an t 
Phospha te sed imen t 

Desoxychola te supe rna t an t 
Desoxychola te s ed imen t 

P r o t e i n 

Total E* 

95.0 

50.0 
36.4 

18.0 
15.8 

10.0 
3.1 

A m y l a s e 

Total E* 

(76.8)** 

61.6 
15.2 

11.7 
0.2 

0 
0 

E / p r o t e i n E 

(.81)** 

1.23 
0.42 

0.65 
0.01 

0 
0 

L 

Total E* 

8.2 

1.1 
5.9 

1.1 
2 . 3 

0 
1.7 

ipase 

E / p r o t e i n E 

0.086 

0.030 
0.162 

0.064 
0.145 

0 
0.550 

*E = opt ica l dens i ty in c o l o r i m e t r i c a s s a y , acco rd ing to method given in tex t . 

**These va lue s w e r e not m e a s u r e d d i r ec t l y , but w e r e ca lcu la ted f rom the s u m of 
the va lues for the ace t a t e s u p e r n a t e and s e d i m e n t . 

TABLE 13 

Dis t r ibu t ion of p ro te in , a m y l a s e , and l i pase af ter ex t r ac t ion of m i c r o s o m e s with 
sodium a c e t a t e , phosphate buffer (pH 8.0), and sodium desoxychola te 

Or ig ina l m i c r o s o m e s 

Aceta te supe rna t an t 
Ace ta te s ed imen t 

Phospha te supe rna t an t 
Phospha te s ed imen t 

Desoxychola te supe rna t an t 
Desoxychola te s ed imen t 

P r o t e i n 

Total E* 

217 

90.0 
96.7 

42.0 
49.8 

12.2 
38.1 

Amylase 

Tota l E* 

(80)** 

46.7 
33.4 

30.0 
1.3 

0.7 
0.8 

E / p r o t e i n E 

(0.37)** 

0.52 
0.35 

0.71 
0.03 

0.06 
0.02 

L ipase 

Total E* 

3.82 

0 
3.75 

0 
3.26 

0 
2.31 

E / p r o t e i n E 

0.019 

0 
0.039 

0 
0.062 

0 
0.067 

*E = opt ica l dens i ty in c o l o r i m e t r i c a s s a y , acco rd ing to method given in text . 

**These va lues •were not m e a s u r e d d i r ec t l y , but •were ca lcu la ted f rom the sum of 
the va lues for the ace ta t e supe rna t e and s e d i m e n t . 



TABLE 14 

Dis t r ibu t ion of p ro te in , RNA, a m y l a s e , and l i p a s e a f te r p r ec ip i t a t i on of 105,000 x g 
s u p e r n a t a n t fluid at pH 5. Effect of method of p r e p a r a t i o n of homogenate 

O r i g . s u p e r n a t a n t 
pH 5 supe rna t an t 
pH 5 s e d ime n t 

O r i g . s u p e r n a t a n t 
pH 5 supe rna t an t 
pH 5 sed imen t 

P r o t e i n 

Tota l E* 

51.7 
31.6 
16.7 

180 
112 

26.8 

R N A 

Total E* E / p r o t e i n E 

Amyla se 

Tota l E* E / p r o t e i n E 

L ip a se 

Tota l E* E / p r o t e i n E 

Homogenate p r e p a r e d in 0.88 M s u c r o s e * * 

8.46 
3.58 
4.43 

0.16 
0.11 
0.26 

480 
190 
248 

9.3 
6.0 

15 

54.0 
42.3 
10.5 

1.05 
1.34 
0.63 

Homogenate p r e p a r e d in 0.25 M s u c r o s e * * 

9.12 
6.64 
2.32 

0.06 
0.06 
0.09 

(301) + 
72.8 

228 

(1.7)+ 
0.65 
8.5 

-
_ 

*E = opt ica l dens i ty in c o l o r i m e t r i c a s s a y , a cco rd ing to method given in tex t . 

**In one e x p e r i m e n t , the o r ig ina l homogenate -was p r e p a r e d in 0.88 M s u c r o s e , with subsequent 
di lut ion to 0.25 M s u c r o s e (after r e m o v a l of nuc le i , s e c r e t o r y g r a n u l e s , and mi tochondr ia ) , 
and in the o the r the o r ig ina l homogena te was p r e p a r e d d i r e c t l y in 0.25 M s u c r o s e (see t ex t ) . 

t This va lue was not m e a s u r e d d i r e c t l y , but was ca lcu la ted f rom the sum of the va lues for the 
pH 5 s u p e r n a t e and s e d i m e n t . 

The p o s s i b i l i t y of an a s s o c i a t i o n b e t w e e n the a m y l a s e and the RNA 
in the pH 5 s e d i m e n t w a s i n v e s t i g a t e d by p a p e r e l e c t r o p h o r e s i s . When 
e l e c t r o p h o r e s i s was c a r r i e d out u s ing phospha t e buffer a t pH 7.4 (jU = 0.005) 
o r a t pH 7.0 (M = 0.005) , wi th o r wi thout the add i t ion of s o d i u m c h l o r i d e to 
give /i = 0.05^ the RNA m o v e d r a p i d l y t o w a r d the p o s i t i v e po le , a s e x p e c t e d . 
The a m y l a s e ac t i v i t y r e m a i n e d with a p r o t e i n band tha t m o v e d s l igh t ly 
t o w a r d the n e g a t i v e p o l e . A p p a r e n t l y i t s r a t e of m i g r a t i o n w a s s l i gh t ly 
l e s s than the m o v e m e n t of the so lven t due to e n d o s m o s i s . 

P r e l i m i n a r y i n v e s t i g a t i o n of the e x t r a c t e d s e d i m e n t s wi th the 
e l e c t r o n m i c r o s c o p e i n d i c a t e s tha t the a c e t a t e r e m o v e s the con ten t s of the 
s e c r e t o r y g r a n u l e s and l e a v e s only t h e i r o u t e r m e m b r a n e . The s e d i m e n t s 
a p p e a r to c o n s i s t l a r g e l y of v a r i o u s m e m b r a n e s t r u c t u r e s . S ince the 
l i p a s e i s not e x t r a c t e d f r o m the s e c r e t o r y g r a n u l e o r m i c r o s o m e f r a c t i o n s 
by s o d i u m a c e t a t e o r p h o s p h a t e buffer , i t i s p r o b a b l e tha t i t i s a s s o c i a t e d 
wi th the m e m b r a n e s . 

The p r e s e n t r e s u l t s lend f u r t h e r s u p p o r t to ou r suppos i t i on tha t the 
a m y l a s e found in the m i c r o s o m e f r a c t i o n i s no t s i m p l y a m y l a s e d e r i v e d 
fronn the s e c r e t o r y g r a n u l e s , s i nce the p r o p o r t i o n of a m y l a s e e x t r a c t e d by 
s o d i u m a c e t a t e and by p h o s p h a t e buffer a t pH 8 i s qui te d i f fe ren t in the 
two f r a c t i o n s . 



The finding that the precipi tabi l i ty of RNA, amylase and protein 
from the 105,000 x g supernatant fluid at pH 5 differs with the method of 
prepara t ion , extends our previous demonstrationi^'"*) that homogenization 
of panc reas in isotonic (0.25 M) suc rose d i s rup ts the e rgas top la smic com­
plex, producing fragments of differing size and composit ion. Apparently a 
la rge amount of protein is a lso rendered soluble by homogenization in this 
medium; this protein is not a complex with RNA nor is it simply a m y l a s e . 
There was actually l ess amylase p re sen t under these conditions, especial ly 
in the pH 5 soluble fract ion. The RNA is a lso l e s s easi ly precipi ta ted at 
pH 5 after homogenization in 0.25 M suc rose , suggesting a change toward 
sma l l e r p a r t i c l e s . The change in response to pH 5 is not due to de -
polymerizat ion of the RNA, since the method used for i ts analys is m e a s ­
u r e s only m a t e r i a l insoluble in t r i ch loroace t ic acid. However, it is not 
c lear in t e r m s of the morphological components of the cell , jus t what 
red is t r ibut ion of these components is produced by homogenization in 
isotonic s u c r o s e . 

In genera l , for a given procedure and physiological condition of the 
panc rea s , the proport ion of amylase to RNA in the pH 5 sediment has been 
constant, whereas this ra t io has not been constant in the pH 5 soluble m a ­
t e r i a l . This fact suggested a physiological associa t ion between the amylase 
and the RNA that precipi ta ted at pH 5. However, a s t rong binding seems 
unlikely because the two substances a r e separa ted easi ly by e l ec t rophores i s 
and in other exper iments not repor ted he r e , s t reptoniycin has been shown to 
prec ip i ta te mos t of the RNA from the 105,000 x g supernatant fluid, but not 
any of the a m y l a s e . 

In summary , 1% sodium aceta te can be used to ex t rac t amylase of 
re la t ively high specific activi ty from m i c r o s o m e s and s e c r e t o r y granules , 
and offers a p re l imina ry step in i ts purification for metabol ic studies using 
labeled amino ac id s . Subsequent ext ract ion with phosphate buffer at pH 8 
yields another fraction, which a lso can be purified. Prec ip i ta t ion of the 
105,000 X g supernatant fluid at pH 5 yields different fract ions depending 
on the method of p repara t ion of the homogenate; at p r e sen t the significance 
of these differences is not c l e a r . 
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PROGRESS REPORT: PROTEIN SYNTHESIS IN PANCREAS 

VI. Changes in the s ec r e to ry granule fraction and the 
in ic rosome fraction that accompany 

physiological changes in the pancreas 

A. D. Barton and Anna Kane Lai rd 

The s e c r e t o r y granule and m i c r o s o m e fract ions were isolated!•'^) 
from the pancreas of r a t s s ta rved overnight (rest ing pancreas ) , and from 
ra t s that had been s tarved overnight and then t rea ted with pi locarpine 3 hr 
before sacr i f ice , (during ear ly s tages of resyn thes i s of digest ive enzymes 
following the sec re t ion induced by pi locarpine) . Fifteen min before s a c r i ­
fice, each animal received phenylalanine-2-C^ (lOjLtc in 0.2 ml saline 
solution) by in t raper i tonea l injection. Each par t icula te fraction was ex­
t rac ted f i r s t with 1% sodium acetate at pH 6.8 and then with 0.01 M phos-
phate at pH 8.0.^ •* Each aceta te ex t rac t , phosphate ex t rac t , and phosphate 
res idue was assayed for total protein,v-^/ total amylase(^) and total r ad io ­
act ivi ty . The values found a r e given in Tables 15 and 16. 

Prev ious studies'-'-'^) indicated that the pancrea t ic secre t ion induced 
by pi locarpine r e su l t s in a loss of s ec r e to ry granule m a t e r i a l from the 
p a n c r e a s . The p resen t exper iments show that the pi locarpine t r ea tmen t 
causes a loss of protein from the aceta te and phosphate ex t r ac t s , but not 
from the phosphate res idue of the s ec r e to ry granule fract ion. The pi lo­
carpine t r ea tmen t produced li t t le change in the total prote in of the 
m i c r o s o m e fraction, but did resu l t in a d e c r e a s e of prote in in the aceta te 
and phosphate ex t rac t s and an i nc r ea se in the protein of the phosphate 
res idue of the m i c r o s o m e fract ion. 

Trea tment with pi locarpine produced a m o r e extensive loss of 
amylase than of total protein, with the resu l t that the amylase activi ty per 
unit of prote in dec reased in all of the fract ions studied. This effect was 
leas t in the aceta te ex t rac t from the m i c r o s o m e fract ion. 

In both c a s e s , the total radioact ivi ty in the s e c r e t o r y granule 
fraction was only about 2% of that found in the m i c r o s o m e fraction, and 
this smal l amount of radioact ivi ty was confined to the phosphate ex t rac t . 
P r e l i m i n a r y studies with the e lec t ron mic roscope have shown that the ex­
t rac t ion with ace ta te r emoves the contents of the s ec r e to ry granules and 
leaves only their surface m e m b r a n e s . Since the aceta te ex t rac t contained 
no radioact ivi ty, it is evident that 15 min after adminis t ra t ion of the 
phenylalanine-2-C**, the contents of the s e c r e t o r y granules s t i l l were not 
labeled. 



TABLE 15 

Distr ibut ion of prote in and amylase after ext rac t ion of the s e c r e t o r y granule fraction and the 
m i c r o s o m e fraction from ra t pancreas with sodium aceta te and with phosphate. 

Effect of pi locarpine t r ea tmen t after s ta rva t ion overnight 

Starved 
P i loca rp ine -

t rea ted 

Starved 
P i loca rp ine -

t rea ted 

Acetate ex t rac t 

Pro te in* Amylase** A m / P r 

Phosphate ex t rac t 

P ro te in Amylase A m / P r 

Phosphate res idue 

Pro te in Amylase A m / P r 

Sec re to ry granule fraction 

107 

37 

22.6 

3.15 

0.221 

0.084 

54 

37 

12.7 

3.95 

0.236 

0.108 

26 

29 

0.25 

0.11 

0.009 

0.004 

Microsome fraction 

91 

52 

7.62 

3.80 

0.084 

0.074 

155 

106 

7.79 

1.72 

0.050 

0.016 

181 

248 

5.85 

4.54 

0.032 

0.018 

*Prote in ; total optical densi ty as m e a s u r e d by the co lo r ime t r i c method of Lowry et^al. (•') 

**Amylase activity; total optical densi ty as m e a s u r e d by the co lo r ime t r i c method of 
Meyer et al.v*) 

TABLE 16 

Distr ibut ion of prote in and radioact ivi ty after ext ract ion of the s e c r e t o r y granule fraction 
and the m i c r o s o m e fraction from ra t panc reas with sodium aceta te and with phosphate. 

Effect of phi locarpine t r ea tmen t after s ta rva t ion overnight 

Starved 
P i loca rp ine -

t rea ted 

Starved 
P i loca rp ine -

t rea ted 

Acetate ex t rac t 

Pro te in* 
Radio­

activity** 
R a / P r 

Phosphate ex t rac t 

Pro te in 
Radio­
act ivi ty 

R a / P r 

Phosphate res idue 

Pro te in Radio­
activity 

R a / P r 

Sec re to ry granule fraction 

107 

37 

0 

0 

0 

0 

54 

37 

1440 

2160 

27 

59 

26 

29 

0 

0 

0 

0 

Microsome fraction 

91 

52 

6,800 

31,000 

75 

590 

155 

106 

42,000 

19,000 

270 

180 

181 

248 

31,000 

45,000 

170 

190 

•To ta l protein; total optical densi ty a s m e a s u r e d by the co lo r ime t r i c method of Lowry et al.V-^) 

** Total radioact ivi ty (total cpm) . 



In both c a s e s , all subfractions of the mic rosome fraction were 
labeled. The subfraction showing the highest specific radioact ivi ty was 
the acetate ex t rac t from the animals t r ea t ed with p i locarpine . In these 
an imals , the aceta te ex t rac t was much more highly labeled than the 
phosphate ex t rac t . In the animals that were s ta rved overnight, the phos­
phate ex t rac t was hea-vily labeled but the aceta te ex t rac t contained 
re la t ive ly l i t t le label . The pi locarpine t r ea tmen t produced l i t t le change 
in the labeling of the phosphate res idue of the mic rosome fract ion. 

It is evident that ext rac t ion of the s e c r e t o r y granule fract ion and 
the mic ro some fract ion with aceta te and phosphate yields subfractions 
which differ from one another in metabol ic activity. F u r t h e r study of 
these subfract ions and of enzymes isolated f r o m t h e m i s expected to yield 
information concerning the e laborat ion and secre t ion of digestive enzymes 
by the p a n c r e a s . 
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AN ELECTRON MICROSCOPE STUDY OF MITOSIS IN THE 
PROTOZOAN HYPOTRICH STYLONYCHIA 

L. E. Roth 

The study of mitot ic events by electron mic roscopy has been 
great ly r e t a rded by inability to select dividing cells among the relat ively 
much g rea te r proport ion of cells that a r e not in division. The protozoa, 
even though the i r mic ronuc lea r division is a special ized mi to s i s , offer 
the possibi l i ty of isolation and observat ion of selected cytological events 
and therefore provide choice m a t e r i a l for such observa t ions . In addition, 
dividing cil iate protozoa mus t also apportion thei r mac ronuc l ea r contents 
near ly equally between daughters and also form a r a the r l a rge number of 
cilia nea r the t ime of division. Therefore , dividing ci l ia tes offer the p o s ­
sibility of study of the three events , m ic ronuc lea r m i t o s i s , mac ronuc lea r 
division, and c i l iary formation. 

The organism Stylonychia, which was chosen to begin this study, 
p o s s e s s e s two nnacronuclei in in te rphase (N in F igure 17 A) which a r e 
easi ly visible under 100 X enlargement ; in p repara t ion for division into 
two daughter o rgan i sms , these nuclei fuse, and divide once, and then a 
second t ime (N m Fig . 17 B). These easi ly recognizable events allow 
recognition and categorizat ion of division s t ages . A m a s s culture of 
o rgan isms was fixed by s tandard osmium tetroxide methods and embedded 
in me thac ry la t e ; single o rgan i sms were then selected, sectioned and ob­
served under the e lectron m i c r o s c o p e . 

The macronuc leus m in terphase consis ts of an i r r e g u l a r network of 
chromatin (C in F igure 17 E) with i n t e r s p e r s e d nucleolar spheres (NL in 
F igure 17 E) except when the reorganizat ion bands a r e p resen t during 
deoxyribose nucleic acid synthes is . At m i to s i s , the macronuc leus pinches 
in two, showing a pass ive al ignment of chromat in (C in F igure 17 D) and the 
appearance of numerous , pa ra l l e l , fine fi laments at the point of division 
(F in Fig . 17 D). The nuclear m e m b r a n e r ema ins intact in all cases thus 
far observed . 

The in terphase micronuc leus is cha rac te r i zed by 40- to 50~m.jLt 
chromat in f ibers which a r e i r r egu l a r l y connected to a network. In mi to s i s , 
the m e m b r a n e is reduced to disconnected remnants (M in F igure 17 E); the 
chromosomes a r e cyl indrical m a s s e s which lack any chromosomal m e m ­
branes and which a r e run together at many points (MC in F igure 17 E). 
Fine f i laments with a low density center and a 3-to 4-m.ji d iamete r a r e seen 
in mos t s tages and probably r e p r e s e n t deoxyribose nucleoprotein complexes . 



Newly-formed c i l iary groups may be detected by light microscope 
observat ions , so that such organ isms may be chosen for sectioning 
(unlettered a r r o w s in F igu re s 17 B and C). Newly-formed cilia usual ly 
possess two cent ra l (in addition to nine per iphera l ) f ibri ls in their bases 
while o thers do not. Numerous cent r io le - l ike s t ruc tu re s a r e p resen t in 
the cytoplasm in groups of four to six but a r e not neces sa r i l y close to 
other cilia; they often lack cen t ra l f ibri ls and may a lso have miss ing 
pe r iphera l f ibri ls (unlettered a r r o w s in F igure 17 F ) . 

These l ines of study a r e being continued in this and other o r g a n i s m s . 
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Figure 17. Scale markers on Figures 17 A through C represent 10 Mand on D through F represent IfJ.. 
A. Interphase organism. 
B. Early division stage. 
C. Earlier division stage. 
D. Macronucleus at point of division. 
E. Mitotic micronucleus with a small portion of the macronucleus which has the 

interphase morphology. 
F. Ciliary groupings and centriole-like structures grouped in the cytoplasm. 



ELECTRON MICROSCOPE STUDIES OF THE STRUCTURE 
OF THE SPINDLE, NUCLEUS AND CHROMOSOMES 

Miguel Mota* 

This investigation is c a r r i e d on with the u l t imate objective of 
obtaining m o r e detailed information on the s t ruc tu re of the c e n t r o m e r e 
and spindle and on the i r re la t ionship , as a contribution to the study of the 
anaphase movement . The feasibil i ty of the work is a s sumed on the bas i s 
of previous studies by Sedar and Wilson,(U Nebel,(^) and o thers that show 
that the spindle at leas t can be studied with fair success under the e lec t ron 
mic roscope . 

The work includes both plant and animal m a t e r i a l . Vicia fab a and 
Secale ce rea l e root t ips were p r e t r e a t e d with 0.002 _M oxyquinoline solu­
tion to c lear and r ende r m o r e vis ible the s t ruc tu re of the c e n t r o m e r e , 
and fixed in Dalton fixative at pH 7.2. Embedding and sectioning followed 
the usual s tandard techniques . Mouse t e s t i s both f rom unt rea ted and 
X- i r r ad i a t ed animals is also being studied by the same method using 
Dalton fixative at pH 6.5 and 7.2. 

The u l t imate problem as descr ibed r e q u i r e s , however, the obse r ­
vation of cel ls in a pa r t i cu la r s tage and sect ioned through ce r ta in l imi ted 
regions in the cell . A sat isfactory technique has not yet been developed to 
concentra te the des i red m a t e r i a l in the g r ids , and consequently it has been 
n e c e s s a r y to observe re la t ively l a rge amounts of m a t e r i a l without the ap­
propr ia te s tages . Fo r that r eason it seemed des i rab le to use this ma te r i a l 
to study s t ruc tu re s other than spindle and c e n t r o m e r e . 

In this r espec t two observat ions seem to be worth repor t ing . They 
concern the boundary between the nucleolus and the nucleus . In Secale 
ce rea le the re is a diffuse region, apparent ly consti tuted by nucleolar 
ma te r i a l radiat ing from the nucleolus into the nucleus or , at l eas t , 
into a c l e a r e r zone of nuclear m a t e r i a l surrounding the nucleolus 
(Figure 18). The re s eems to be evidence enough to s ta te that this is not 
caused by shr inkage of the m a t e r i a l during fixation, embedding or 
sectioning. 

In Vicia fab a such a s t ruc tu re is not apparent or , at l eas t , not as 
conspicuous as in Secale; the nucleolus appears to be sur rounded by a l a rge 
number of c lear ves ic les which a r e also seen spread over the en t i re 
nucleus (Figure 19). 

These two aspec ts a r e bel ieved to be relevant to the study of the 
re la t ionship between nucleolus and nucleus and ch romosomes . 

*Resident R e s e a r c h Assoc ia te f rom Estag'ao Agronomica Nacional, 
Sacavem, Por tuga l . 
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Figure 18. Nucleolus m Secale cereale root tip. 

Figure 19. Nucleolus m Vicia faba root tip. 
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SURVIVAL OF LAFj MICE UNDER DURATION-OF-LIFE EXPOSURE 
TO Co^° GAMMA RAYS AT RATES OF 24 TO 1650 r PER DAY 

George A. Sacher, Douglas Grahn, and Joan M. Gurian 

The exposure of var ious mouse s t ra ins and hybrids to daily dosages 
of Co 7 - r a y s is one of the basic exper imenta l p rocedures in the Gamma 
Ray Toxicity P r o g r a m . One objective of this in te r re la t ed set of exper i ­
ments is to de te rmine the survival t imes at a number of closely spaced 
daily dosage levels and to co r r e l a t e the mor ta l i ty behavior with the h i s to ­
logic, hematologic and pathologic changes in samples from the i r r ad ia ted 
groups . Another objective is to compare the r e sponses of seve ra l mouse 
s t ra ins and hybrids exposed to a wide range of daily dosages . In the p r e s ­
ent r epor t we p resen t the mean af ter- survival t imes and s tandard devia­
tions for male and female LAFi mice and examine the resul t ing dose-effect 
c u r v e s . Compar ison of lethali ty data with hematologic and histologic 
r e sponses will be made in subsequent r e p o r t s . 

Methods 

The LAFj mice were received from Jackson Labora to r i e s at about 
7 weeks of age and held until they reached 100 days of age . The exposure 
groups were set up over a per iod of approximate ly 2 y e a r s , and each 
dosage level was built up from seve ra l rep l ica t ions . The number of r e p ­
l icat ions is tabulated for each dose level in Table 17. In each repl icat ion, 
equal number s of male and female mice were dis t r ibuted into cyl indrical 
p las t ic cages , 3 mice to a cage. The cages were positioned on aluminum 
rack 5 in the Low-Level Gamma Exposure Room(l) and received exposure 
from a Co source which is r a i sed into the room each night from a s torage 
pit beneath the floor. The exposure period va r i e s from 12 to 15 hr , ex­
posure t ime is inc reased at regula r in te rva l s to compensate for the rad io ­
active decay of Co °, and the Co source is replaced as n e c e s s a r y to keep 
the exposure t ime •within the l imi ts of 12 to 15 h o u r s . 

Resul t s 

Table 17 gives for each sex and dose level the mean a f t e r - su rv iva l 
t ime (MAS), and s tandard deviation (SD), number of an imals , number of 
repl ica t ions and s tandard e r r o r of the MAS. 

The survival data of Table 17 a r e p resen ted in F igure 20 in t e r m s 
of a quantity called the lethali ty cumulant, defined by 



in which I i s the da i l y d o s e in r / d a y , t* i s the MAS a t da i ly d o s e I, and to 
i s the MAS of c o n t r o l m i c e . A d e r i v a t i o n of th i s r e l a t i o n h a s b e e n given 
p r e v i o u s l y . ( ^ ' ^ ) The c u m u l a n t c u r v e , f o r m e d by p lo t t ing C L v e r s u s t*, 
g ives the p r e s u m p t i v e t i m e - c o u r s e of l e t h a l r a d i a t i o n in ju ry , sub j ec t to 
c e r t a i n a s s u m p t i o n s tha t a r e d i s c u s s e d in the r e f e r e n c e s c i t ed a b o v e . 

T A B L E 17 

M e a n a f t e r - s u r v i v a l s (MAS), s t a n d a r d d e v i a t i o n s (SD), s t a n d a r d 
e r r o r s (SE), n u m b e r of i nd iv idua l s (Ni), and n u m b e r of 

r e p l i c a t i o n s (Nj-), for m a l e and f e m a l e L A F j m i c e 
e x p o s e d to 7 - r a y s da i ly for the d u r a t i o n of 

life beg inn ing a t 100 days of age 

I. 
r / d a y 

0 
6 

12 
24 
32 
43 
49 
56 
64 
74 
85 
97 

125 
145 
170 
220 
270 
330 
410 
500 
610 
750 

1100 
1650 

Male 

1VLA.S ± SE, 
days 

471 
462 
371 
251 
206 
149 
127 
102 

80.6 
64.5 
51.8 
41 .4 
33.9 
29.6 
22.0 
16.5 
14.3 
13.3 
12.2 
11.0 

9.33 
7.23 
5.85 
5.40 

± 18 
± 18 
± 10 
± 6 . 4 
± 4 . 5 
± 3.5 
± 2 . 1 
± 2 . 5 
± 1.9 
± 1.8 
± 1.1 
± 0 . 5 2 
± 0 . 4 5 
± 0.52 
± 0 . 4 5 
± 0.18 
± 0 . 1 4 
± 0.21 
± 0 . 1 9 
± 0.18 
± 0 . 1 6 
± 0 . 1 4 
± 0 . 0 8 
± 0.10 

SD, 
days 

216 
155 
114 

86.1 
54.3 
42.9 
24.3 
27.5 
18.6 
18.2 
11.3 

5.32 
4.65 
5.34 
4.57 
1.85 
0.77 
1.13 
1.03 
0.98 
0.89 
0.70 
0.40 
0.47 

Ni 

144 
75 

126 
183 
150 
150 
135 
120 
105 
105 
105 
105 
105 
105 
105 

75 
30 
30 
30 
30 
30 
24 
24 
24 

Nr 

* 

* 
* 

12 
10 
10 

9 
8 
7 
7 
7 
7 
7 
7 
7 
5 
2 
2 
2 
2 
2 
2 
2 
2 

F e m a l e 

MAS ± SE, 
days 

634 ± 13 
525 ± 14 
417 ± 10 
273 ± 6.5 
223 ± 4 .4 
155 ± 3.1 
134 ± 2.3 
104 ± 2.1 

86.1 ± 2.0 
65.8 ± 1.3 
50.4 ± 1.0 
41.7 ± 0 . 6 1 
31.2 ± 0 . 5 2 
24.1 ± 0.38 
20.0 ± 0.25 
15.8 ± 0.18 
14.7 ± 0.18 
13.3 ± 0.18 
12.5 ± 0.23 
11.3 ± 0.20 

9.23 ± 0.19 
6.83 ± 0.11 
5.48 ± 0.07 
5.06 ± 0.08 

SD, 
days 

158 
122 
115 

87.7 
53.5 
38.2 
26.2 
23.6 
20.2 
13.6 
10.1 

6.24 
5.31 
3.90 
2.55 
1.88 
1.01 
1.00 
1.27 
1.08 
1.07 
0.55 
0.35 
0.40 

• I n c o m p l e t e 
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Figure 20. Cumulant functions for male and female LAF̂  mice exposed to Co^^7-rays daily 
for the duration of life, beginning at 100 days of age. For most of the course of 
the function the curves for the two sexes run so close together that they cannot be 
resolved. We have therefore indicated, at each bend of the curve, which sex lies 
above and which below. Reversals occur only at 10. 5, 15 and 45 days. Thus, 
even the small sex differences at early times are probably physiologically 
significant. 

The c u m u l a n t c u r v e s for m a l e and f e m a l e L A F j m i c e for the f i r s t 
60 days a r e shown in F i g u r e 20 . In v iew of the s t a n d a r d e r r o r s of the 
ind iv idua l p o i n t s , the t h r e e " w a v e s " a r e s ign i f ican t dev i a t i ons f r o m a 
s t e a d y (uninf lected) u p w a r d t r e n d . T h e s e c o m p o n e n t s r e p r o d u c e , in l oca t ion 
and in m a g n i t u d e , the c o m p o n e n t s o b s e r v e d in the o r i g i n a l s tudy on the ABC 
m a l e m o u s e . i ^ ) The f o r m of the cvimulant c u r v e i s a g e n e t i c a l l y d e t e r m i n e d 
c h a r a c L e r i s t i c , for g e n e t i c a l l y r e l a t e d l i n e s have the s t r o n g e s t r e -
sembla rces ,v '* ) and the d i f f e r e n c e s b e t w e e n s p e c i e s a r e g r e a t e r than the 
s t r a i n d i f f e r e n c e s w^ithin species.V-^''*/ 

The d i f f e r ence b e t w e e n the s e x e s tha t i s o b s e r v e d b e t w e e n the 15th 
and 40th days h a s not b e e n d e s c r i b e d p r e v i o u s l y . In th i s p e r i o d the f e m a l e 
i s s ign i f i can t ly m o r e s e n s i t i v e than the m a l e . At i m m e d i a t e l y p r e c e d i n g 
and s u c c e e d i n g t i m e s the d i f f e r e n c e s b e t w e e n the s e x e s a r e not s ign i f i can t . 
At l o w e r d o s e r a t e s and m u c h l o n g e r s u r v i v a l t i m e s (Tab le 17) a c o m p l e x 
p a t t e r n of s e x d i f f e r e n c e s a g a i n a p p e a r s . T h e s e wi l l not be d i s c u s s e d 
h e r e , b e c a u s e the da ta a t 12, 6 and 0 r / d a y a r e not ye t c o m p l e t e . 



D i s c u s s i o n 

The m a j o r c h a r a c t e r i s t i c s of the d e s i g n of the da i l y d o s e e x p e r i ­
m e n t , i . e . , the p r o v i s i o n of a l a r g e n u m b e r of c l o s e l y - s p a c e d d o s e r a t e s 
and of f a i r l y l a r g e n u m b e r s of m i c e a t e a c h d o s e r a t e , w e r e d i c t a t e d by 
the n a t u r e of one of the h y p o t h e s e s tha t we p r o p o s e d to i n v e s t i g a t e . T h i s 
h y p o t h e s i s s t a t e s , b r i e f l y , t ha t the c o u r s e of r a d i a t i o n m o r t a l i t y in 
h o m o g e n e o u s a n i m a l p o p u l a t i o n s fo l lows c l o s e l y the a v e r a g e c o u r s e of 
p h y s i o l o g i c i n j u r y in the popu l a t i on . It i s a p p a r e n t to even c a s u a l o b ­
s e r v a t i o n tha t p h y s i o l o g i c i n j u r y p r o d u c e d by ion i z ing r a d i a t i o n s i s of 
m a n y k i n d s , and tha t e a c h k ind h a s i t s c h a r a c t e r i s t i c t i m e - c o u r s e of 
a p p e a r a n c e and d i s a p p e a r a n c e . If the above h y p o t h e s i s i s c o r r e c t , the 
r a d i a t i o n d o s a g e - s u r v i v a l c u r v e shou ld l i k e w i s e be of a p o l y p h a s i c n a t u r e ; 
and f u r t h e r m o r e ^ one should be ab le to r e l a t e e a c h i nd iv idua l p h a s e of 
l e t h a l i t y to a c o r r e s p o n d i n g m o d e of p h y s i o l o g i c i n j u r y . Th i s h y p o t h e s i s 
n e e d s no f u r t h e r v e r i f i c a t i o n a t the l e v e l of p h y s i o l o g i c o b s e r v a t i o n of the 
e f fec t s of s i ng l e d o s e s , for a t l e a s t two d i s t i n c t m o d e s of d e a t h , the 
" i n t e s t i n a l " and the " h e m a t o p o i e t i c , " a r e u n i v e r s a l l y r e c o g n i z e d a s be ing 
p r o d u c e d by a p p r o p r i a t e s i ng l e doses.- and t h e r e i s e v i d e n c e a l s o for s t i l l 
o t h e r m o d a l d e a t h t i m e s a s s o c i a t e d wi th o t h e r p a t h o l o g y . 

In s p i t e of t h i s c o n s e n s u s a b o u t the m u l t i c a u s a l n a t u r e of r a d i a t i o n 
l e t h a l i t y , the m o s t w ide ly a c c e p t e d m a t h e m a t i c a l t r e a t m e n t of the s u b j e c t 
t a k e s no a c c o u n t of t h e s e f a c t s . The t h e o r y in ques t ion(5) s t a t e s tha t 
" i n j u r y " a p p e a r s i m m e d i a t e l y upon e x p o s u r e and d i s a p p e a r s , o r r e c o v e r s , 
e x p o n e n t i a l l y . S a c h e r in 1950 p r e s e n t e d da t a on s u r v i v a l u n d e r da i ly 
exposureV^^ wh ich r e j e c t e d the h y p o t h e s i s tha t r a d i a t i o n i n j u r y and r e ­
c o v e r y can be a d e q u a t e l y d e s c r i b e d by m e a n s of a s i ng l e e x p o n e n t i a l t e r m . 
The s u b s e q u e n t h i s t o r y of the s u b j e c t i n d i c a t e s t ha t th i s i m p l i c a t i o n w a s 
no t p r o p e r l y a p p r e c i a t e d . 

The L A F i d a t a p r e s e n t e d h e r e shou ld be suf f ic ien t to d i s p o s e of the 
i s s u e p e r m a n e n t l y . It i s i n e s c a p a b l y ev iden t tha t the d a t a of T a b l e 17 c a n n o t 
be f i t ted wi th a s i n g l e e x p o n e n t i a l p lus a c o n s t a n t t e r m . The f o r m of the 
c u m u l a n t c u r v e in F i g u r e 20 i n d i c a t e s tha t a t l e a s t 7 p a r a m e t e r s a r e n e e d e d 
to fit the c u m u l a n t c u r v e for the f i r s t 100 d a y s . The s e x d i f f e r e n c e s in L A F j 
m i c e and the n a t u r e of the s t r a i n and s p e c i e s d i f f e r e n c e s r e f e r r e d to a b o v e 
f u r t h e r i n d i c a t e t h a t s e v e r a l , and p r o b a b l y a l l , of t h e s e p a r a m e t e r s v a r y 
i n d e p e n d e n t l y a m o n g s p e c i e s and s t r a i n s . T h e s e o b s e r v a t i o n s a r e in p e r f e c t 
a c c o r d wi th the p o s i t i o n tha t we have c o n s i s t e n t l y m a i n t a i n e d abou t the 
n a t u r e of m a m m a l i a n r a d i a t i o n l e t h a l i t y . 

In the o r d i n a r y c a s e , the r e p l a c e m e n t of a t w o - p a r a m e t e r t h e o r y 
by a 7 - p a r a m e t e r t h e o r y would be c o n s i d e r e d the i n e v i t a b l e h i s t o r i c a l d e ­
v e l o p m e n t t o w a r d m o r e c o m p l i c a t e d and s o p h i s t i c a t e d m o d e l s . In the 
p r e s e n t i n s t a n c e , the i n t r o d u c t i o n of a 7 - p a r a m e t e r m o d e l i s a r e a l s i m ­
p l i f i ca t ion , b e c a u s e t h e r e i s e v e r y r e a s o n to b e l i e v e tha t t h e s e p a r a m e t e r s 



wil l be iden t i f i ed wi th the p a r a m e t e r s of p h y s i o l o g i c i n ju ry p r o c e s s e s . 
L e t h a l i t y wi l l t h e r e b y b e c o m e an u n d e r s t a n d a b l e and p r e d i c t a b l e c o n s e ­
q u e n c e of p h y s i o l o g i c i n j u r y . The ga in in c o n c e p t u a l un i f i ca t ion should 
m o r e than c o m p e n s a t e for the l o s s of a s p e c i o u s m a t h e m a t i c a l s i m p l i c i t y . 
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PROGRESS REPORT: DEUTERIUM OXIDE INTOXICATION IN RATS 

I. Effect of D^O in vivo and in v i t ro on the Uptake of 
p-Aminohippurate by Rai Kidney Slices 

John F , Thomson and F lo rence J . Klipfel 

We previously repor ted that both the g lomerular f i l t rat ion ra te and 
the renal p lasma flow were marked ly reduced in r a t s drinking heavy 
water.(1) In view of the rapidity with which kidney function re tu rned to 
no rma l after the drinking water was changed from D2O back to H2O, and 
since there was no evidence of changes in a number of enzyme sys t ems 
of the kidneys of DzO-treated an ima l s , we felt that the change in 
physiologic function was not a t t r ibutable to a specific kidney lesion, but 
was possibly the resu l t of endocrine inbalance . 

We have obtained additional confirmation of the lack of tubular 
damage in r a t s by the observat ion that the uptake of sodium p-aminohippura te 
(PAH) by s l ices of kidney is the same in r a t s drinking heavy water as in 
normal a n i m a l s . However, D2O in high concentra t ion has an inhibitory ef­
fect in v i t ro on the uptake of PAH, 

Methods 

The method of Cross and Taggart,^'"' modified by Mendelsohn,'-^' was 
used for measu r ing the uptake of PAH. Between 150 and 250 mg of kidney 
s l i ce s , coniiisting pr incipal ly of cor t i ca l t i s sue , were used in each Warburg 
flask. The flasks were incubated for 1 hr at 25°C, with oxygen as the gas 
phase , in the p resence of D2O in concentra t ions ranging from 0 to 100%. 
Acetate was usjed as the s u b s t r a t e . 

For the study of the effects of D2O in vivo, 6 r a t s were given d r ink­
ing water containing 50% D2O for 26 days . The average concentra t ion of 
D2O in the p lasma at the t ime of sacr i f ice was 32%.* One ra t died before it 
could be used, and the other five were obviously s ick. The capaci ty of s l i ces 
from the kidneys of these ra t? to concent ra te PAH was m e a s u r e d in an in­
cubation mediuna containing 27% D 2 0 a s w e l l as in the control medium (no D2O). 

Resu l t s 

F igure 21 shows the effect of D2O in v i t ro on the oxygen consumption 
and PAH uptake by kidney s l i ces suspended in varying concentra t ions of 

The D20ana lyses were c a r r i e d out by Dr . Henry Cresp i of the Chemis t ry 
Division, 
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D2O,* The ra te of oxygen consumption decreased l inear ly with i n c r e a s ­
ing concentration of D2O, 100% D2O producing 18% inhibition. The in­
corporat ion of PAH was markedly inhibited by high concentrat ions of D2O, 
the rat io of concentration of PAH in the t issue sl ice to that in the medium 
( T / M ) dropping to 37% of the control level in the p resence of 100% D2O. 

Figure 21 

Effect of D2O in vitro on oxygen consumption 
and PAH uptake by slices of rat kidney. Oxygen 
consumption is measured asMl/hr/mg dry weight, 
PAH uptake as the ratio of concentration in the 
tissue slice (T) to that in the suspending medium 
(M) at the end of the 1-hr incubation period. 
Numbers in parentheses indicate the number of 
animals used at each point; vertical lines represent 
standard deviations. 

40 60 
PERCENT D2O 

The effects of D2O in vivo on oxygen consumption and PAH uptake 
a r e shown in Table 18. The oxidation of acetate occur red equally rapidly 
in s l ices from both the normal and the D20-t reated animals , both in D2O 
and in 27% H2O, The uptake of PAH was actually g rea te r in the kidney 
s l ices from the t rea ted r a t s , although the difference was not s tat is t ical ly 
significant. There seemed to be a positive corre la t ion between the D2O 
concentrat ion in the plasma and the T/M rat io observed in the s l i ces . 

Effect of DjO in vivo on oxygen consumption and PAH 
uptake by sUces of rat kidney 

Days on DjO 

Fina l p l a s m a D^O, % 

Average weight change, g 
Range 

Kidney weight, g 
Range 

QO2 ace ta te ( f l l / h r / m g d ry w 
In HjO 
In 27% D2O 

T / M r a t i o 
In HjO 
In 27% DjO 

eight) 

Control 

-
-

+ 35.6 
(+27 to +54) 

1,47 
(1.25 - 1.77) 

7.85 ± 0.29 
7.18 + 0.37 

9.73 ± 1.41 
8.81 ± 1.01 

DjO- t rea ted 

2 6 

32.3 ± 1,8 

-8 .4 
(-18 to +5) 

1.44 
(1.24 - 1.66) 

7.90 ± 0.29 
6.74 ± 0.55 

10.83 ± 2.32 
10.04 ± 2.38 

Five animals per group. Values presented are averages • 
standard deviations or ranges. 

•The concentrat ions of D2O a r e actually a few per cent lower than 
indicated, since no cor rec t ion has been made for dilution by the 
exchangeable H in the t i ssue s l i ces . 
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PROGRESS REPORT: DEUTERIUM OXIDE INTOXICATION IN RATS 

II. Arginase and Transaminase in L ivers of D2O-Treated Rats 

John F . Thomson and F lo rence J . Klipfel 

Cer ta in observat ions have led us to suggest that one of the reasons 
for the toxicity of D2O to r a t s is a dis turbance in adrena l function.!•'•) The 
changes in concentrat ions of a number of components of blood, such as 
glucose, NPN, u rea , and p lasma protein, a r e s imi la r to those seen in 
adrenalec tomized an ima l s . In addition, in D20- t rea ted r a t s , the adrena ls 
inc rease in size by as much as 50%. F u r t h e r m o r e , hypophysectomized 
r a t s , with atrophic ad rena l s , show toxic effects at much lower levels of 
D2O than do normal rats,!^^ 

If the D20- t rea ted r a t s actually behaved like adrenalec tomized 
an imals , one would expect that the concentrat ions of cer ta in enzymes that 
a r e known to dec rea se after adrenalec tomy, such as arginase(3) and 
transaminase, '"*) would a lso be lowered by D2O, That such a dec rea se 
does not take place is shown by the exper iments repor ted h e r e . 

Methods 

Rats were given 50% D2O as drinking water , and were sacr i f iced 
when their p lasma D2O level was about 30%. Arginase was assayed by the 
method of Roberts.(5) Glutamic-a lanine and g lu tamic -aspar t i c t r a n s ­
aminases were measu red according to the p rocedure of Brin et al.;(6) 
the former is assayed by determinat ion of alanine formed from glutamate 
and pyruvate , the la t te r by es t imat ion of oxalacetate formed from aspar t a t e 
and a -ke tog lu ta ra te . 

Resul ts 

The data on a rg inase activity a r e presen ted in Table 19. It is c lear 
that there is a slight but not s ta t i s t ica l ly significant i nc rease in the a rg inase 
activity of ra t l i ve r . A s imi l a r change was observed with g lu tamic-
a spa r t i c t r ansaminase (Table 20), although the activity of glutamic-alanine 
t r ansaminase was dec reased by 10%. 

We had suggested ea r l i e r ( l ) that (a) the D20- t rea ted ra t may have 
a higher r equ i rement for adrena l hormones than can be met even by a 
hyperplas t ic adrena l cortex; (b) the r equ i remen t s may be unal tered but 
the production of adrena l hormones may be inhibited in deutera ted t i s sues ; 



or (c) the metabolic p r o c e s s e s of the ra t may be so a l te red by deutera t ion 
that no additional amount of adrenal hormones would pe rmi t the animal to 
adapt to the change in in ternal environment produced by D2O. It would 
s eem that the second of these poss ib i l i t ies can be e l iminated. 

TABLE 19 

Arginase activity in l ive r s of D20- t rea ted ra t s 

Number of r a t s 
Days on 50% D2O 
Final p lasma D2O, % 

Range 
Weight change, g 

Range 
Arginase activity* 

Control 

6 
-
-

+27 
(+25 to +30) 

461 ± 21 

DzO-treated 

5 
32 

31.5 
(31.1 - 31.7) 

-9 
(-24 to +12) 

496 ± 75 

/iM arginine des t royed per 10 min per mg N, ave rages and 
s tandard deviat ions . 

TABLE 20 

T r a n s a m i n a s e activity in l i ve r s of D20- t rea ted r a t s 

Number of r a t s 
Days on 50% D2O 
Fina l p lasma D2O, % 

Range 
Weight change, g 

Range 
Blood glucose, mg % 

Range 
Blood u rea , mg % 

Range 
T ransaminase* 

Alanine 
Oxalacetate 

Control 

9 
-
-

+42 
(+22 to +61) 

80 
(69 - 91) 

18,9 
(13.8 - 21.4) 

24.9 ± 1.1 
67.8 ± 9.9 

D20- t rea ted 

7 
26 

31.7 
(29.5 - 34.0) 

+6 
(-13 to +28) 

62 
(45 - 83) 

44.3 
(28.7 - 58.0) 

22,5 ± 1,8 
80.4 ±9 .6 

jUM subs t ra te produced per hour per g N, averages and 
s tandard devia t ions . 
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E F F E C T OF X-RADIATION ON THE INTRACELLULAR DISTRIBUTION 
OF CYTOCHROME OXIDASE IN THE RAT THYMUS 

John F . Thomson and F lo rence J . Klipfel 

After total-body i r rad ia t ion in the LD50 range, there occurs in the 
thymus of r a t s extensive cel lular des t ruct ion, which is reflected by a 
marked d e c r e a s e in the concentrat ion of deoxyribose nucleic acid; within 
48 hr after exposure , the concentrat ion on a dry weight bas is is reduced to 
one- th i rd of normal.(1) At the same t ime, however, the concentrat ion of 
cer ta in enzymes such as cytochrome oxidase and succinic dehydrogenase 
is unchanged,(^) while that of adenosine t r iphosphatase (ATPase) i n c r e a s e s 
considerably.v'^/ It was thus of i n t e r e s t to see whether any changes took 
place in the in t racel l t i lar dis t r ibut ion of these enzymes . 

The use of gradients containing polyvinylpyrrolidone (PVP) and 
suc rose has enabled us to apply the technique of gradient centrifugation to 
the study of the thymus,(3) 

Methods 

The r a t s used in these s tudies were Sprague-Dawley females , 60 to 
70 days old. They were exposed to 600 r X-radia t ion , de l ivered at a ra te 
of 200 r / m i n . One, two, and three days after exposure the an imals were 
kil led and their thymuses homogenized in 8.5% suc rose containing 5% P V P . 
To obtain sufficient t i s sue it was n e c e s s a r y to pool two thymuses on the 
second day, and three or four on the third day. The homogenates of thymus 
were layered over P V P - s u c r o s e gradients!^) and centrifuged in a Lourdes 
centrifuge with a swinging cup ro to r , opera ted in a cold room at 1°C, 

Fo r the studies on cytochrome oxidase, the tubes were centrifuged 
for 1 hr at 10,000 rpm (14,900 g); tinder these conditions the major i ty of 
pa r t i c l e s containing cytochrome oxidase (0.3 jLi d iameter ) t rave led halfway 
down the tube. Since the major port ion of ATPase is assoc ia ted with 
sma l l e r pa r t i c l e s (0.1 jLi), the tubes used in the exper iments with this enzyme 
were centrifuged for 3 hr at 12,000 rpm (21,500 g). 

After centrifugation, success ive l aye r s of the solution in the tubes 
were removed and assayed for the enzymes in quest ion. Distr ibut ion curves 
in t e r m s of par t ic le size were p repa red as desc r ibed e lsewhere ,v'*) 



R e s u l t s 

It i s a p p a r e n t f r o m F i g u r e 22 t h a t t h e d i s t r i b u t i o n of c y t o c h r o m e 
o x i d a s e w a s a p p r e c i a b l y a l t e r e d by r a d i a t i o n . T h e p r i n c i p a l c h a n g e t o o k 
p l a c e w i t h i n t h e f i r s t 2 4 h r a f t e r e x p o s u r e , s i n c e t h e d i f f e r e n c e s a m o n g 
t h e c u r v e s o b t a i n e d 1, 2 , a n d 3 d a y s a f t e r i r r a d i a t i o n a r e n o t s i g n i f i c a n t . 
T h e s h i f t i n p a r t i c l e s i z e a s s o c i a t e d w i t h m a x i m u m a c t i v i t y f r o m 0 .32 jUto 
0 . 2 8 - 0 , 3 0 / i a f t e r i r r a d i a t i o n h a s b e e n c o n s i s t e n t l y o b s e r v e d . 

Figure 22 

Intracellular distribution of cytochrome oxidase in normal 
and X-irradiated rats, 1, 2, and 3 days after exposure to 
600 r total-body irradiation. The control curve 
represents the average of three experiments with one rat 
per experiment; the other curves are based on two ex­
periments involving one, two, and three rats per experi­
ment, respectively, for the 1-, 2-, and 3-day curves. 
C/Ad represents the fraction of enzyme concentration 
found in a particular zone divided by the difference be­
tween extremes of particle sizes predicted for the zone. 

0 0.1 0.2 0.3 0.4 0.5 0.6 
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The e x p e r i m e n t s wi th A T P a s e have been l e s s e x t e n s i v e . Al though 
the ac t i v i t y 2 days a f t e r i r r a d i a t i o n w a s 3 t i m e s n o r m a l , the d i s t r i b u t i o n 
c u r v e a p p e a r e d e s s e n t i a l l y u n c h a n g e d . H o w e v e r , u n d e r the cond i t ions of 
p r e p a r a t i o n ( cen t r i fuga t ion for 3 h r a t 12,000 r p m ) an a p p r e c i a b l e i n c r e a s e 
in t e m p e r a t u r e o c c u r r e d which m a y have a l t e r e d the d i s t r i b u t i o n p a t t e r n of 
the e n z y m e in bo th i r r a d i a t e d and c o n t r o l t i s s u e s . It is hoped tha t m o r e 
s a t i s f a c t o r y a r r a n g e m e n t s can be m a d e in the fu ture for cen t r i fuga t ion 
u n d e r the cond i t ions i m p o s e d by t h e s e e x p e r i m e n t s . 
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THE D E P E N D E N C E O F A C U T E AND S U B A C U T E RADIOSENSITIVITY 
ON AGE IN THE L A F j MOUSE 

G e o r g e A . S a c h e r , Doug la s G r a h n and S. L e s h e r 

The i n v e s t i g a t i o n of s u r v i v a l of m i c e u n d e r d u r a t i o n - o f - l i f e e x p o s u r e 
to a wide r a n g e of da i l y d o s a g e s i s r e p o r t e d e l s e w h e r e in th i s i s sue .v^ / In 
t ha t i n v e s t i g a t i o n , e x p o s u r e w a s begun a t a s t a n d a r d a g e of 100 d a y s . The 
p r e s e n t r e p o r t s u m m a r i z e s the r e s u l t s of an e x p e r i m e n t in wh ich 5 da i ly 
d o s a g e s , r a n g i n g f r o m 170 to 43 r / d a y , w e r e a d m i n i s t e r e d to L A F j m i c e a t 
8 d i f f e r en t s t a r t i n g a g e s r a n g i n g f r o m 100 to 850 d a y s of a g e . 

The e x p e r i m e n t a l c o n d i t i o n s w e r e i d e n t i c a l wi th t h o s e in the r e p o r t 
c i t ed a b o v e . M e a n a f t e r - s u r v i v a l s (MAS) and s t a n d a r d d e v i a t i o n s (SD) a r e 
t a b u l a t e d in Tab le 2 1 , The da t a a t the h i g h e s t a g e s a r e s t i l l not c o m p l e t e , 
and i t wi l l be a n o t h e r y e a r b e f o r e the r e q u i s i t e n u m b e r of a n i m a l s have 
r e a c h e d the a s s i g n e d s t a r t i n g a g e s . The da t a a t 100 d a y s of age a r e a l s o 
p a r t of the d a i l y - d o s e s u r v i v a l s tudy c i t ed a b o v e . 

F i g u r e 23 r e p r e s e n t s one way of p r e s e n t i n g the a g e - d e p e n d e n c e r e ­
l a t i o n s . In t h i s f i g u r e , the MAS for a g iven da i ly d o s e and s t a r t i n g age i s 
e x p r e s s e d a s a p e r c e n t a g e of the MAS for t h a t da i l y d o s e a t 100 days of a g e . 
Da ta for the two s e x e s a r e c o m b i n e d . T h e r e i s a n a g e - d e p e n d e n c e c u r v e 
for e a c h of the 5 da i l y d o s a g e s e m p l o y e d . 

It i s ev iden t t h a t the c u r v e s of r e l a t i v e r e s i s t a n c e v s . a g e a r e qui te 
d i f f e r en t in f o r m a t the d i f f e r en t da i l y d o s a g e s u s e d . At 170 r / d a y , r e ­
s i s t a n c e i n c r e a s e s m a r k e d l y un t i l 400 d a y s of a g e , and then fa l l s a t a 
r o u g h l y c o n s t a n t r a t e . At 43 r / d a y , r e s i s t a n c e d e c r e a s e s f r o m the b e ­
g inning , s lowly a t f i r s t and then m o r e r a p i d l y wi th i n c r e a s i n g a g e . At a l l 
a g e s e x c e p t 400 d a y s , the r e l a t i v e r e s i s t a n c e v a l u e s for the 5 da i ly d o s a g e s 
a r e in the r a n k o r d e r of the da i l y d o s a g e s . In v i ew of the s a m p l e s i z e s 
e m p l o y e d , the d e v i a t i o n s f r o m th i s c o n s i s t e n t r a n k o r d e r i n g a t 400 days wi l l 
p r o b a b l y not p r o v e to be s i g n i f i c a n t . 

The a g e - d e p e n d e n c e c u r v e i s a l s o be ing d e t e r m i n e d for the s i n g l e -
d o s e 3 0 - d a y LD50. Da ta a v a i l a b l e t hus f a r i n d i c a t e t ha t t h i s c u r v e r e ­
s e m b l e s the a g e - d e p e n d e n c e c u r v e a t 170 r / d a y . 

D i s c u s s i o n 

It would be p r e m a t u r e to d i s c u s s a t t h i s t i m e the r e a s o n s for the 
o b s e r v e d i n t e r a c t i o n b e t w e e n da i l y d o s e and s t a r t i n g a g e . At the l o w e r 
da i ly d o s a g e s , the MAS of i r r a d i a t e d g r o u p s i s an a p p r e c i a b l e f r a c t i o n of 
the a f t e r - e x p e c t a t i o n of c o n t r o l s , and e s p e c i a l l y so a t the m o r e a d v a n c e d 



TABLE 21 

Mean after-survival (MAS) and standard deviations of survival time 
(SD) for male and female LAFj mice exposed to various dosages 

of Co " gamma rays daily for the duration of life at starting 
ages ranging from 100 to 850 days 

M A L E 

MAS, 
days 

SD, 
days 

n 

Starting 
age, 
days 

F E M A L E 

MAS, 
days 

SD, 
days 

n 

170 r /day 

22.0 
26.7 
27.3 
24.3 
22.2 
20.7 
-

4.6 
7.5 
7.2 
9.5 
9.4 
6.0 
-

105 
6 
6 
6 
6 
6 
-

100 
250 
400 
550 
650 
725 
800 

20.0 
22.5 
28.2 
23.3 
19.4 
17.7 
18.2 

2.6 
4.2 
2.6 
3.8 
10.2 
7.5 
7.1 

105 
6 
6 
6 
7 
6 
6 

125 r /day 

33.9 
36.6 
31.3 
35.3 
36.8 
34.0 
37.0 
24.6 

4.7 
1.8 
12.6 
8.6 
8.6 
7.6 
2.0 
8.4 

105 
9 
9 
9 
6 
6 
3 
5 

100 
250 
400 
550 
650 
725 
800 
850 

31.2 
34.9 
32.6 
35.9 
29.1 
18.3 
26.8 
31.8 

5.3 
2.1 
8.0 
3.5 
7.1 
8.3 
8.1 
3.3 

105 
9 
9 
9 
12 
6 
5 
4 

97 r /day 

41.4 
44.2 
41.2 
46.8 
42.0 
14.3 
44.3 

5.3 
3.8 
7.7 
9.3 
10.4 
9.1 
4.5 

104 
12 
12 
9 
6 
3 
3 

100 
250 
400 
550 
650 
725 
800 

41.7 
44.2 
44.0 
39.7 
39.4 
39.5 
26.0 

6.2 
3.8 
4.8 
6.8 
8.6 
12.7 
17.3 

105 
12 
12 
9 
12 
6 
5 

74 r /day 

64.5 
67.5 
82.6 
53.6 
67.8 
55.6 
56.0 

18.2 
22.9 
21.0 
23.8 
15.5 
18.2 
16.5 

105 
12 
11 
9 
6 
5 
3 

100 
250 
400 
550 
650 
725 
800 

65.8 
68.7 
73.8 
60.6 
46.8 
37.8 
45.6 

13.6 
18.2 
21.7 
16.2 
8.6 

22.4 
16.7 

105 
12 
11 
9 
12 
6 
5 

43 r /day 

149.8 
140.1 
140.1 
106.7 
138.2 
135.0 
59.7 
47.0 

42.9 
34.4 
54.0 
30.0 
27.9 
1.7 

44.6 
53.7 

150 
15 
12 
9 
6 
3 
3 
2 

100 
250 
400 
550 
650 
725 
800 
850 

155.9 
132.8 
166.2 
150.0 
102.4 
95.2 
104.3 
56.7 

38.2 
36.4 
36.1 
30.5 
57.7 
24.8 
19.9 
17.5 

150 
15 
12 
6 
7 
6 
6 
3 
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a g e s , and h e n c e the o b s e r v e d c u r v e s a r e not p u r e m e a s u r e s of the change 
in r e s i s t a n c e . H o w e v e r , the da t a a t 170 r / d a y m a k e i t c l e a r tha t r e ­
s i s t a n c e does not d e c r e a s e a s a l i n e a r function of age , even when the MAS 
is a neg l ig ib l e f r a c t i o n of the a f t e r - e x p e c t a t i o n of c o n t r o l s . One c e r t a i n 
c o n c l u s i o n we can d r a w now is tha t the p r e v a i l i n g v i e w s about the a d -
d i t iv i ty of r a d i a t i o n d a m a g e and aging wil l r e q u i r e d r a s t i c r e v i s i o n a s a 
c o n s e q u e n c e of the r e s u l t s r e p o r t e d h e r e . 
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Figure 23 

Radioresistance of LAFĵ  mice (combined sexes) as 
a function of age, for duration-of-life exposure at 
5 different daily dosages. At each daily dose level, 
the MAS at age x is expressed as a percentage of 
the MAS at 100 days of age. 

400 550 

AGE, days 

650 725 800 850 

The p r o b l e m of a g e - d e p e n d e n c e i s a l s o be ing i n v e s t i g a t e d a t the 
h i s t o l o g i c a l l e v e l , a s d e s c r i b e d e l s e w h e r e in th i s i s s u e . ( ^ ) 
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INFLUENCE OF AGE ON SUSCEPTIBILITY OF MICE 
TO THE LETHAL E F F E C T S OF WHOLE-BODY 
X-IRRADIATION, WITH ESPECIAL EMPHASIS 

ON INTESTINAL DAMAGE 

S. Leshe r , George A. Sacher, Douglas Grahn, 
Anthony Sal lese , and Katherine F . Hamilton 

The rad io res i s t ance of the mouse i n c r e a s e s with increas ing age 
from weaning up to mid-l i fe span and decl ines thereaf ter . (1-5) Expe r i ­
ments have been designed to de te rmine the degree of sensi t ivi ty at var ious 
ages ranging from 1 to 900 days and to invest igate the role of c r i t i ca l organ 
sys tems at each age level . The p re l imina ry phase repor ted he re explores 
the re la t ive sensi t ivi ty of the smal l intest ine in 30- and 120-day-old m i c e . 

A min imum of 20 BCF^ hybrid mice at 30 and 100 days of age were 
given whole-body X- i r rad ia t ion at 7 exposure levels : 750 r, 800 r, 900 r, 
1000 r, 1200 r, 1500 r, and 2500 r . Mice were sacr i f iced at 2, 12, 24, 36, 
48, 72, 84, and 96 hr , and frozen sect ions of the smal l intest ine were cut 
and p repared for study. The cumulative mor ta l i ty for each age group at 
each dose level was de termined (Figure 24), It is obvious that the 
100-day-old mouse is m o r e r e s i s t an t to X- i r r ad ia t ion at these l eve l s . A 
histological examination of the smal l intest ine shows that the damage is 
much g rea t e r in the 30-day-old mouse , and that the duodenum is com­
pletely denuded in a high percentage of ca ses at dose levels of 900 r and 
above. Approximately 60% of the young mice die as a resu l t of in tes t inal 
damage after 900 r and 1000 r while none of the 100-day-old mice die from 
intest inal damage after 900 r and only 1 of 20 after 1000 r whole-body 
X- i r r ad i a t i on . 

Damage and inhibition of mi tos i s i n c r e a s e s with the dose in both 
groups; however, from the standpoint of mor ta l i ty s t a t i s t i c s the difference 
becomes l e s s pronounced at higher d o s e s . Never the less , at the ce l lu lar 
level there a r e definite differences in degree of damage and t ime of 
o c c u r r e n c e . 
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STUDIES ON THE N U C L E O L A R CHROMOSOMES 

A r l e n e Longwe l l* 

Al though a n u c l e o l u s i s p r e s e n t in a l m o s t a l l e x c e p t a few s p e c i a l ­
i zed ce l l t y p e s , l i t t l e i s known abou t i t s o r i g i n and i t s funct ion in the 
d iv id ing and in the nond iv id ing c e l l . E x p e r i m e n t s wi th the p l an t a n e u p l o i d s 
a r e be ing conduc t ed to d e t e r m i n e the ef fec ts of a l t e r e d n u m b e r s of 
n u c l e o l a r c h r o m o s o m e s and a l t e r a t i o n s of the n u c l e o l u s - o r g a n i z i n g r e g i o n s 
of s u c h c h r o m o s o m e s . A l s o d i f f e r e n c e s in b e h a v i o r d u r i n g c e l l d i v i s i o n of 
the m i c r o n u c l e i con t a in ing a n u c l e o l u s and the m i c r o n u c l e i wi thou t a n u ­
c l e o l u s a r e be ing s t u d i e d . 

E s t i m a t e s of the n u c l e o l a r and c y t o p l a s m i c r i b o n u c l e i c ac id in the 
s p o r o c y t e s of the v a r i o u s whea t a n e u p l o i d s a r e m a d e by s t a i n i n g for RNA 
wi th the dye a z u r e B , and m e a s u r i n g the dye c o n t e n t of the n u c l e o l u s and 
c y t o p l a s m wi th the v i s i b l e l igh t m i c r o s p e c t r o p h o t o m e t e r .I-'-) To ta l n u ­
c l e o l a r and c y t o p l a s m i c p r o t e i n con ten t i s e s t i m a t e d by m a k i n g d r y m a s s 
d e t e r m i n a t i o n s wi th the C o o k e - D y s o n i n t e r f e r e n c e microscope .^ '^z 

P r e v i o u s w o r k h a s shown tha t h e x a p l o i d w h e a t ( T r i t i c u m v u l g a r e ) 
c o n t a i n s four n u c l e o l u s - p r o d u c i n g c h r o m o s o m e s , two of wh ich a r e 
r e l a t i v e l y i n a c t i v e in a l l the t i s s u e s s tud ied : m m e i o t i c m a t e r i a l , a t the 
m i c r o s p o r e d i v i s i o n s , in e n d o s p e r m m a t e r i a l , and in r o o t tips.V-^) M i d -
p a c h y t e n e s p o r o c y t e s of h e x a p l o i d w h e a t t e t r a s o m i c for e i t h e r of the two 
s t r o n g e r n u c l e o l a r c h r o m o s o m e s show an a p p r o x i m a t e l y 100% i n c r e a s e in 
n u c l e o l a r RNA and a 50% i n c r e a s e in c y t o p l a s m i c RNA and p r o t e i n . The 
s a m e i n c r e a s e i s found in the n u U i s o m i c - t e t r a s o m i c s of t h i s m a t e r i a l 
when the n u c l e o l a r c h r o m o s o m e i s t e t r a s o m i c and n o n - n u c l e o l a r c h r o m o ­
s o m e p a i r i s m i s s i n g f r o m the c o m p l e m e n t so tha t the to t a l n u m b e r of 
c h r o m o s o m e s r e m a i n s 21 p a i r s a s in n o r m a l m a t e r i a l . T e t r a s o m i c s for 
the two w e a k e r n u c l e o l a r c h r o m o s o m e s and for two of the n o n - n u c l e o l a r 
c h r o m o s o m e s show no d i f f e r e n c e s f r o m n o r m a l . The i n c r e a s e s in RNA 
and p r o t e i n , in the c a s e of the two s t r o n g e r n u c l e o l a r c h r o m o s o m e s , t hen , 
c anno t be a t t r i b u t e d to the s i m p l e n o n s p e c i f i c i n c r e a s e in c h r o m o s o m e 
n u m b e r f r o m 21 p a i r s to 22 p a i r s . A p l an t t r i s o m i c for one of the s t r o n g e r 
n u c l e o l a r c h r o m o s o m e s showed no i n c r e a s e in e i t h e r n u c l e o l a r or c y t o ­
p l a s m i c RNA and p r o t e i n . The a b s e n c e of one p a i r of the n u c l e o l a r c h r o m o ­
s o m e s , a s in the c a s e of the n u l i i s o m i c s , o r one c h r o m o s o m e a r m , a s in 
the c a s e of the i s o c h r o m o s o m e s and t e l o c e n t r i c s of the n u c l e a r c h r o m o ­
s o m e s , r e s u l t s in no s ign i f i can t d i f f e r e n c e s f r o m n o r m a l . Th i s i s no t 
s u r p r i s i n g , s i n c e in the a b s e n c e of one of the s t r o n g e r p a i r s of n u c l e o l a r 
c h r o m o s o m e s , a t h i r d , w e a k e r p a i r of o r g a n i z i n g c h r o m o s o m e s b e c o m e s 
13 t i m e s m o r e a c t i v e in the p r o d u c t i o n of a n u c l e o l u s than in n o r m a l m a ­
t e r i a l . T h e s e r e s u l t s a l l a g r e e wi th p r e v i o u s d e t e r m i n a t i o n s of the m i d -
p a c h y t e n e v o l u m e of w h e a t s p o r o c y t e s and t h e i r n u c l e o l i . 

* R e s i d e n t R e s e a r c h A s s o c i a t e . 



Additional work is now in p r o g r e s s to complete the analys is of the 
var ious nucleolar chromosome nul i i somics , t e t r a s o m i c s , nuUisomic-
t e t r a s o m i c s , i sochromosomes and te locen t r ics of T. vulgare . Maize plants 
t r i somic for the nucleolus-producing chromosome and plants t r i somic for 
two non-nucleolar chromosomes will a lso be analyzed to de te rmine if thei r 
nucleolar and cytoplasmic RNA and prote in contents a lso differ from normal . 
Translocat ions of the nucleolar chromosome which resu l t in one case in i ts 
shortened total length and in the other case in an inc rease in i ts length a r e 
also being studied. Since the content of nuclear but nonchromosomal pro te in 
may also be affected by nucleolar chromosome a l te ra t ions , total nuclear 
m a s s will be de termined. 

Additional work has shown that wheat micronucle i produced at 
meios i s from lagging monosomes a r e viable in the matur ing pollen g ra ins . 
Those ch romosomes which fail to produce a nucleolus in their m i c r o s p o r e 
micronucle i do not form nucleoli at l a te r s tages . Nucleolus-producing 
ch romosomes , on the other hand, show an i n c r e a s e in the pe r cent of their 
micronucle i containing a nucleolus until the t ime of the f i rs t m i c r o s p o r e 
division when a lmost 100% of the micronuc le i contain a nucleolus. No 
nucleolus-containing micronucleus has been observed at the t ime of the 
f i rs t and second m i c r o s p o r e divis ions. However, micronucle i with nucleoli 
a r e observed st i l l pe r s i s t ing in an ear ly p rophase - l ike condition. Since 
the percentage of pollen gra ins with micronuc le i a lso d e c r e a s e s during the 
mic ro spo re divis ions, p resumably the nucleolus-containing micronucle i 
form normal -appea r ing ch romosomes undetectable from the conaplement 
of the l a rge nucleus . 
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RADIATION R E C O V E R Y 

IV. The R a t e of R e c o v e r y f r o m R a d i a t i o n In jury ( F i s s i o n N e u t r o n s ) 
a s a F u n c t i o n of In jury 

H o w a r d H. Vogel , J r . and Donn L. J o r d a n 

T h i s e x p e r i m e n t w a s d e s i g n e d to t e s t the h y p o t h e s i s tha t the r a t e 
(or r a t e s ) of r e c o v e r y f r o m r a d i a t i o n i n j u r y i s a funct ion of the a m o u n t of 
i n ju ry p r e s e n t . A p r e l i m i n a r y e x p e r i m e n t h a s a l r e a d y b e e n r e p o r t e d ( l i^) 
in wh ich m i c e w e r e e x p o s e d to v a r y i n g d o s e s of Co " y - r a y s , and af ter an 
i n t e r v a l of 5 d a y s , the a m o u n t of add i t i ona l r a d i a t i o n n e c e s s a r y to ki l l a 
p o r t i o n of the a n i m a l s in 30 days w a s d e t e r m i n e d . A s i m i l a r p lan w a s c a r ­
r i e d out for the e x p o s u r e s to f i s s i o n n e u t r o n s excep t t ha t the i n t e r v a l b e ­
t w e e n p a i r e d d o s e s w a s doubled to 10 days to a l low for the s l o w e r r e c o v e r y 
r a t e a f t e r n e u t r o n r a d i a t i o n . P r e v i o u s e x p e r i m e n t s ( ^ ) showed tha t when 
p a i r e d equal d o s e s of r a d i a t i o n w e r e d e l i v e r e d to m i c e , 50% of the f i r s t 
dose w a s r e s i d u a l (as judged by the 3 0 - d a y acu te m o r t a l i t y c r i t e r i o n used) 
when an i n t e r v a l of 5 days w a s a l lowed b e t w e e n y - r a y d o s e s f r o m Co . 
H o w e v e r , an i n t e r v a l of 1 0 days was n e c e s s a r y b e t w e e n equal p a i r e d d o s e s 
of f i s s i o n n e u t r o n s in o r d e r to a c h i e v e the s a m e effect . It w a s t h e r e f o r e 
c l e a r tha t r e c o v e r y r a t e s w e r e d i f fe ren t fol lowing t h e s e two r a d i a t i o n s . 

The f i r s t d o s e s of f i s s i o n n e u t r o n s w e r e c h o s e n to be a p p r o x i m a t e l y 
equ iva len t (when e x p r e s s e d a s p e r cen t of the LD50/30 s ing le e x p o s u r e d o s e . 
C o l u m n 2 of Tab le 22) to t h o s e u s e d in the p r e l i m i n a r y y - r a y e x p e r i m e n t . (U 
In c a l c u l a t i n g the n e u t r o n d o s e s n e c e s s a r y for s o m e m o r t a l i t y wi th in the 
30 -day p e r i o d af ter the s e c o n d n e u t r o n e x p o s u r e , an exponen t i a l type of 
r e c o v e r y w a s p o s t u l a t e d (Co lumn 3 of Tab le 22). 

TABLE 22 

Residual dose and rate of recovery after fission neutron i r radiat ion 

F i r s t neutron dose 

Rads 

Col. 1 

85 
169 
228 
274 
300 

F i r s t dose 
expressed as 

% LD50/30 
(single 

exposure) 

Col. 2 

26 
51 
69 
83 
91 

Second 
neutron 

dose 
(after 

10 days), 
rads 

Col. 3 

318 
320 
267 
164 

96 

Number of 
mice dead in 

30 days / 
number 
exposed 

Col. 4 

15/32 
30/32 
20/32 

3/31 
5/32 

Observed 
30-day 

mortal i ty , 
% 

Col. 5 

47 
94 
62.5 
10 
15 

Est imated 
single dose 
to produce 
observed 
mortal i ty , 

rads 

Col. 6 

325 
360 
335 
300 
305 

F i r s t 
dose 

residual 
(Column 6-
Column 3) 

Col. 7 

7 
40 
68 

136 
209 

Fract ion 
of first 

dose 
remaining 
at 10 days 

Col. 8 

0.08 
0.24 
0.30 
0.50 
0.70 

Recovery 
rate 

constant 
per day 

Col. 9 

0.25 
0.14 
0.12 
0.069 
0.035 
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The 5 g r o u p s of 159 a n i m a l s (CF No. 1 young adul t f e m a l e m i c e ) 
a r e l i s t e d in Tab le 22. If the s e c o n d d o s e g iven i s s u b t r a c t e d f r o m a dose 
equ iva l en t to t ha t wh ich would p r o d u c e the o b s e r v e d m o r t a l i t y for s ing le 
e x p o s u r e s , a m e a s u r e of the r e s i d u a l in ju ry p r e s e n t f r o m the f i r s t d o s e 
can b e ob ta ined . Th i s f igure is l i s t e d in C o l u m n 7 of T a b l e 22 for e a c h 
g roup of m i c e . The u n r e c o v e r e d p o r t i o n of the f i r s t d o s e (Column 8) and 
the da i ly r e c o v e r y r a t e c o n s t a n t s (Co lumn 9) w e r e a l s o c a l c u l a t e d . 

F i g u r e 25 i s a plot of the i n ju ry r e m a i n i n g 10 days af ter the f i r s t 
n e u t r o n e x p o s u r e a s a funct ion of the f i r s t d o s e . It is a p p a r e n t t h a t the 
h i g h e r t h i s f i r s t n e u t r o n d o s e , t he h i g h e r i s the " u n r e c o v e r e d " p o r t i o n of 
the f i r s t dose a s judged by the c r i t e r i o n of 3 0 - d a y m o r t a l i t y . 

F i g u r e 26 shows the r e l a t i o n s h i p b e t w e e n the da i ly r e c o v e r y con­
s tan t and the in ju ry , e x p r e s s e d a s a f r a c t i o n of the s ing le dose LD50/30, r e ­
p o r t e d to be a p p r o x i m a t e l y 330 r a d s at t he C P - 5 R e s e a r c h R e a c t o r . ( 2 ) 
T h e r e s e e m s to be a l i n e a r r e l a t i o n b e t w e e n the two v a r i a b l e s invo lved 
tha t i n d i c a t e s a p r o g r e s s i v e r e t a r d a t i o n of the r e c o v e r y p r o c e s s a s the 
n e u t r o n d o s e s a r e i n c r e a s e d . 
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Figure 25. Injury remaining 10 days after a first expo­
sure to fission neutrons, expressed as a func­
tion of the first neutron dose. 
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FRACTION OF LD50/30 GIVEN AS FIRST DOSE 

Figure 26. Relation between daily recovery 
rate constant and injury, expressed 
as a fraction of the LD50/30 single 
exposure to fission neutrons. 



It s eems c lea r , there fore , that, according to the c r i t e r i a se lected 
in this exper iment , r ecovery ra te is dependent upon the size of the f i rs t 
neutron dose, or to the amount of injury inflicted. 
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THE E F F E C T UPON MOUSE LONGEVITY OF FRACTIONATION 
OF A DOSE OF FISSION NEUTRONS 

Howard H, Vogel, J r . and Donn L. Jordan 

In October 1956, four groups of 36 CF No. 1 female m i c e , 7-8 weeks 
of age, were i r r ad i a t ed with fission neutrons at the C P - 5 R e s e a r c h R e a c ­
tor , operat ing at that t ime at approximately 1500 kw. The dose r a t e of the 
fission neut rons to the mice in the gamma-neu t ron radiat ion chamber was 
6 r a d s / m i n . The f i rs t group was i r r ad i a t ed with a single, whole-body ex­
posure of approximately 275 rads of fission neut rons , a dose planned as 
sublethal during the 30-day acute per iod. Actually 2 m i c e (5%) died during 
this in te rva l . The other th ree groups of mice were i r r ad i a t ed with the 
same total neutron dose, but the exposures were divided into 3, 4, and 10 
fract ions respect ive ly (see Table 23). In all these groups , the exposures 
were made on separa te days . F o r example, the 10 fract ional doses , each 
given in 4.8 minutes of daily exposure , were c a r r i e d out within a period 
of two weeks . 

TABLE 23 

I r rad ia t ion data for neutron exposures 

Single exposure 
Dose in 3 fract ions 
Dose in 4 fract ions 
Dose in 10 fract ions 

I r rad ia t ion 
t ime , 
min 

48 
16* 
12* 

4.8* 

Number of 
m i c e 

36 
36 
36 
36 

Es t imated dose 
each exposure , 

rads 

275 
96* 
69* 
27.5* 

Mean a f t e r -
survival 

t ime , 
days 

262 
265 
235 
250 

• I r r ad i a t ion t ime for each fraction 

At this t ime , approximate ly 600 days after exposure , only 2 i r r ad i a t ed 
m i c e and 5 control an imals a r e sti l l a l ive . The i r r ad ia t ion data and the 
mean survival t ime after i r r ad ia t ion a r e l i s ted in Table 23. 

F igu re 27 compares the cumulative mor t a l i t y (%) of the four i r r a ­
diated groups with the control m i c e , for per iods of 56 days after exposure . 
The single, "sublethal" neutron exposure d e c r e a s e d length of life by at l eas t 
50% as compared with control longevity. It s e e m s c lea r from this graph 
and from the mean survival t imes after i r r ad ia t ion , that the re is no signifi­
cant difference between the mor ta l i ty pa t te rn following the single neutron 
exposure and those following fractionation of such a dose into 3, 4 or 10 
separa te daily exposu res . 
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Figure 27 

The effect of fractionation of the dose 
of fission neutrons on longevity of CF 
No. 1 female mice. 
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In F igure 28 the 4 i r rad ia ted groups have^ therefore, been combined;, 
and their mor ta l i ty ra tes a re compared with the s imi la r ra tes for u n i r r a ­
diated control mice . The significant r i se in the mor ta l i ty rate of the i r ­
radiated mice during the 2nd to 4th periods (111-223 days) was cor re la ted 
with a marked inc rease in re t icu la r t u m o r s ; both thymic and "generalized 
lymphomas" were found at autopsy in all 4 i r r ad ia ted groups . 

Figure 28 

Comparative mortality rates of neutron-irradiated mice 
and unirradiated controls for 56-day periods after expo­
sure. Mortality rate: number of mice dying during each 
56-day period divided by number of mice alive at the 
beginning of each interval. 
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STUDIES OF RELATIVE BIOLOGICAL EFFECTIVENESS 

Howard H. Vogel, J r . , Donn L. Jordan, and Norman A. F r i g e r i o 

The re la t ive biological effectiveness ( R B E ) of two types of radia t ion 
may be defined as the ra t io between doses of the two that produce equivalent 
specific biological changes. The study of RBE is important because the 
ra t ios p resumably reflect differences in ra te of diss ipat ion of energy along 
the path of the two radia t ions in question. There is some reason for bel iev­
ing that these differences, if sufficiently grea t , may resu l t in different bas ic 
mechan i sms of radiat ion effect in biological s y s t e m s . Hence such compar ­
isons provide an exper imenta l method for getting at the mos t difficult 
p roblem of r a d i o b i o l o g y - - t h e means by which radiat ions produce biological 
effects. They also provide a bas i s for extrapolat ing exist ing information 
about radiat ion injury for one type of radiat ion to another type. 

F i s s ion neutrons and Co ° 7 - r a y s havebeen chosen for study because 
of the wide range between the two with r e spec t to spat ial d is t r ibut ion of 
energy in t i s sue . F i s s ion neutrons d iss ipa te energy la rge ly by recoi l p r o ­
tons which lose energy at an average ra te of about 30 kev per mic ron of 
path(approximately 1000 ion p a i r s per mic ron of t i s sue) . On the other hand, 
-y-rays diss ipate energy chiefly by means of recoi l e l ec t rons , which lose 
energy at an average r a t e , for Co , of about 0.3 kev per mic ron of path 
(approximately 9 ion p a i r s per mic ron of t i s sue) . Thus the l inear energy 
t r ans fe r (LET) is 100-fold g r e a t e r for neut rons than for 'y- rays , and for 
equal doses , the total path length is 100th that for 7 - r a y s . The resu l tan t 
pa t te rn for neutrons is one of shor t , heavily ionized t r a c k s which a r e widely 
separa ted . In con t ras t , t r a c k s f rom 7 - r a y s a r e m o r e spa r se ly ionized and 
much longer , and, the re fo re , l e s s widely separa ted . 

Over a per iod of seve ra l y e a r s , the exposures have been c a r r i e d 
out in the same facility, a special 7 - n e u t r o n radiat ion chamber uti l izing 
fission neutrons from the the rmal column of two of Argonne ' s r e a c t o r s , 
C P - 3 ' and C P - 5 . The 7 - rad ia t ion was del ivered f rom 18 sources of Co 
mounted on a t u r r e t on the radiat ion chamber . Mater ia l could be exposed 
e i ther to one radiat ion alone or to mix tu res of the two in varying propor t ions . 

Table 24 s u m m a r i z e s the value for RBE for 15 different biologi­
cal t e s t s on a widely varying group of o r g a n i s m s , both animal and plants . 
In all but one tes t , f ission neut rons were more efficient. Values ranged 
from 1.5 to 30, and even those for the mouse ranged from 3 to 7. This 
indicates that no s imple re la t ionship between LET and RBE can be der ived 
on the bas i s of this information; other fac tors mus t be involved. It would 
not, of cou r se , be su rp r i s i ng if the ra t ios were influenced not only by 
differences in LET but a lso by spat ia l , chemica l , physical , or physio­
logical c h a r a c t e r i s t i c s of the biological t a rge t sys t em as well . 
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Summary of values for the relative biological effectiveness (RBE) of fission neutrons and Co ̂ '̂y-rays 
for 15 biological tests, all carried out in the same irradiation facility 

Species utilized Biological test system 
Approximate doses 

(y-rays/fission neutrons) 
necessary to produce given effect 

"Giant" amoeba 
(Pelomyxa illinoisensis) 

Grasshopper 
(Melanoplus differential is) 

Fruit flies 
(Drosophila melanogaster) 

Seeds of red kidney beans 
(Phaseolus vulgaris) 

4-Day chick embryo 
(Irradiated in ovo) 

4-Day chick embryo 

3-Day-old chicks 

Rats 

(Female, Sprague-Dawley) 
Mouse, CF No. 1 female 

Single exposure necessary to kill half of the 
irradiated cells in a 10-day period. 

Single exposure necessary to destroy every egg in 
each grasshopper ovary with the exception of the 
most advanced or terminal egg. 

Genetic effects: chromosomal aberrations produced 
by single irradiation. 1.37-1.6% flies showing 
translocations in chromosomes {Bithorax method 
of E. B. Lewis). 

Minimum dose to seeds necessary to produce pigment 
anomalies in chloroplasts of primary leaves (nu­
merous scattered white areas at the ends of the 
smallest veins over entire blade, leading to a 
speckled appearance of leaf). 

Dose necessary to kill 50% of the embryos, 6 hr 
after exposure; cessation of heart beat used as 
cri terion. 

Dose necessary to kill 50% of the embryos 6 days 
after irradiation. 

Single, whole-body dose necessary to kill half the 
irradiated birds in a 21-day period. 
6-hr Fe ̂ ' uptake by bone marrow cells, 24, hr 
after single whole-body exposure. 

Cataract formation; minimal dose to produce a com­
plete (Grade 4) cataract within 1 year after a 
single acute, whole-body exposure. 

Female sterility: single whole-body dose necessary 
to produce complete sterility 4-5 months after 
exposure. 

Damage to blood-forming system as reflected by 
atrophy of the spleen: Dose necessary to reduce 
the splenic weight to 50% of control value, 5 days 
after single, whole-body exposure. 

Damage to digestive system: Dose necessary to re­
duce dry weight of small intestine to 75% of 
control value, 48 hr after single whole-body 
irradiation. 

LDc ft/on t̂ lose necessary to kill 50% of the animals 
in 30 days) in mice exposed to a single, 90-min 
whole-body irradiation at the CP-3' reactor. 
LDK 0/10 ^" mice exposed to a single whole-body 
irradiation protracted over 24 hr (at CP-3' 
reactor). 

LD 5 0 / 3 0 in mice exposed to a s i n g l e , whole-body 
irradiation delivered 
reactor). 

45 min (at the CP-5 

17,000 rad 
11,000 rad 

(Dose rate: 25-30 rad/min) 

22.5 rep 

3380 r 
400 rep 

50 rep 

1190 
540 

894 
317 

878 
236 

rad 
rad 

rad 
rad 

r 
rep 

Total doses from 40 

992 
170 

60 
15 

346 

r 
rep 

rad 
rad 

r 

150 rad 

78 rep 

850 rad 

930 
210 

1324 
210 

900 

r 
rep 

r 

rep 

rad 

2.8 

3.7 

1 

5.8 

4.0 

It i s a p p a r e n t t ha t we n e e d m u c h m o r e i n f o r m a t i o n about R B E ' s . 
The a c c u m u l a t i o n of such da ta i s e x p e n s i v e and t i m e - c o n s u m i n g . H o w e v e r , 
the concep t of R B E h a s u s e f u l n e s s in c a l c u l a t i n g r e l a t i v e r a d i a t i o n h a z a r d s , 
and in p o s t u l a t i n g m a x i m u m p e r m i s s i b l e e x p o s u r e s for m a n for e x t e r n a l 
r a d i a t i o n s , p a r t i c u l a r l y in the f ie ld of m i x e d r a d i a t i o n s . T h e r e f o r e , it i s 
m o s t i m p o r t a n t tha t we i n c r e a s e ou r u n d e r s t a n d i n g of what the R B E ' s a r e 
for t h o s e r a d i a t i o n - i n d u c e d c h a n g e s in m a m m a l s t ha t have m e d i c a l s ign i f i ­
c a n c e . The a v a i l a b i l i t y for m o r e R B E d a t a for a l l t y p e s of r a d i a t i o n s and 
for a l l k inds of b io log ica l t e s t s s y s t e m s is h ighly d e s i r a b l e b e c a u s e of i t s 
a p p l i c a b i l i t y to t h e s e p r o b l e m s and to the p r o b l e m s of b a s i c m e c h a n i s m s . 



THE PREDICTION OF LIFE SHORTENING IN MICE FOLLOWING 
ACUTELY LETHAL SINGLE DOSES OF X-IRRADIATION AND 

ITS POSSIBLE APPLICATION TO MAN 

Douglas Grahn 

The l i fe-shor tening effect of whole-body exposure to ionizing radia­
tions is the subject of much d iscuss ion and review. Studies to date have 
demonst ra ted , in a reasonably consis tent manne r , the nature of the bas ic 
dose-effect relat ionship.(1) Never the less , the observed or predic ted l ife-
shortening effect of a given dose differs somewhat from one set of data 
to the next. The p re sen t study concerns one possible source of this va r i a ­
tion, the genetic constitution. Since the data a r e l imi ted to a na r row dose 
range around the LD50/30 value (about 0.85 to 1.15 LD50 doses) , d i rec t p r e ­
diction of life shortening at low levels of exposure cannot be made . How­
ever , the data do provide a means of es t imat ing the extent of var iabi l i ty in 
life shortening that can be a t t r ibuted to genetic f ac to r s . 

Mice of both sexes f rom five inbred s t r a ins (Table 25) make up the 
data. These animals had been exposed to single doses of 200 kvp X-
i r rad ia t ion at the age of 60 to 110 days. All exposure doses were in the 
acute lethal range (5% to 95% mor ta l i ty in the f i r s t 30 days). The r e su l t s 
of the acute lethal r e sponse have been reported.(2) 

TABLE 25 

Mean a f t e r - su rv iva l (MAS) of control and i r r ad i a t ed mice 
m e a s u r e d from mean age at exposure of i r r ad i a t ed mice . 

Number of m i c e indicated m p a r e n t h e s e s . 

B A L B / C 

A / J ax 
A/He 
C3Hf/He 
C5 7BL/6 

B A L B / C 

A / J ax 
A / H B 

C3Hf/He 
C5 7BL/6 

Mean -
age at 

Exposure 

days 

89 
89 
96 
85 
88 

89 
88 
93 
86 
88 

MAS ± SE (days) 

Control I r r ad ia t ed 

Males 

371 ± 32 (33) 
529 ± 21 (33) 
552 ± 27 (43) 
633 ± 20 (36) 
643 ± 15 (48) 

287 ± 16 (123) 
405 ± 16 (123) 
478 ± 17 (107) 
526 ± 12 (200) 
478 ± 12 (202) 

F e m a l e s 

427 ± 30 (33) 
518 ± 22 (40) 
564 ± 23 (32) 
658 ± 29 (27) 
675 ± 19 (48) 

314 ± 10 (167) 
401 ± 14 ( 80) 
463 ± 13 ( 86) 
465 ± 9 (193) 
489 ± 10 (164) 

L-Dso/jo 
dose, r 

493 
555 
559 
588 
626 

513 
538 
549 
597 
633 

Mean exp. 
dose, r* 

470 
531 
536 
569 
607 

473 
527 
534 
567 
600 

*Mean exposure dose of mice alive at 60 days after i r r ad ia t ion . 



The s u r v i v o r s of t h e a c u t e s y n d r o m e w e r e kep t for the d u r a t i o n of 
t h e i r l ife a long with a n o m i n a l g r o u p of c o n t r o l s . The n u m b e r of c o n t r o l s 
p r o v i d e s e s t i m a t e s of s u r v i v a l c o m p a r a b l e in a c c u r a c y to about the l a r g e s t 
g r o u p at any d o s e l e v e l a m o n g the i r r a d i a t e d a n i m a l s . The d a t a on the c o n ­
t r o l and e x p e r i m e n t a l p o p u l a t i o n s w e r e o b t a i n e d c o n c u r r e n t l y u n d e r u n i f o r m 
e n v i r o n m e n t a l cond i t i ons in one a n i m a l r o o m . It w a s n e c e s s a r y to c a g e the 
two s e x e s and a l l s t r a i n s s e p a r a t e l y , and t h e c o n t r o l s w e r e c a g e d a p a r t fronn 
t h e e x p e r i m e n t a l s . 

The c h r o n i c m o r t a l i t y d a t a i n c l u d e only t h o s e d e a t h s t h a t o c c u r r e d 
beyond 60 days a f t e r i r r a d i a t i o n , a l though s u r v i v a l t i m e i s m e a s u r e d f r o m 
the day of e x p o s u r e . The s m a l l n u m b e r of d e a t h s t h a t o c c u r r e d b e t w e e n 30 
and 60 d a y s cou ld g e n e r a l l y b e a t t r i b u t e d to an e x t e n s i o n of t h e a c u t e m o r ­
t a l i t y p e r i o d (1 -30 d a y s ) . 

Within e a c h s e x and s t r a i n t h e r e a r e 8 to 10 d o s e g r o u p s , e a c h c o n ­
t a i n i n g f r o m about 3 to 40 m i c e . D o s e s t h a t p r o d u c e d a c u t e m o r t a l i t y above 
the l e v e l of 85% h a v e not b e e n i n c l u d e d . 

The d a t a on the i r r a d i a t e d m i c e h a v e b e e n a n a l y z e d by m e a n s of a 
w e i g h t e d c o v a r i a n c e a n a l y s i s in w h i c h d o s e i s the i n d e p e n d e n t v a r i a b l e and 
a f t e r - s u r v i v a l , S^. i s t h e d e p e n d e n t v a r i a b l e . T h i s t e c h n i q u e p e r m i t s an 
a n a l y s i s of v a r i a t i o n in Sx t h a t i s i n d e p e n d e n t of v a r i a t i o n in d o s e . D e t a i l s 
of t h e a n a l y s i s and i t s r e s u l t s wi l l not b e g iven h e r e . B r i e f l y , s t r a i n dif­
f e r e n c e s in Sx a r e s t a t i s t i c a l l y s ign i f i can t . In add i t i on , a s ign i f i can t s e x by 
s t r a i n i n t e r a c t i o n i s p r e s e n t . T h a t i s , t h e two s e x e s do not show a p a r a l l e l 
r e s p o n s e f r o m s t r a i n to s t r a i n . 

The c o v a r i a n c e a n a l y s i s a l s o p r o v i d e s an e s t i m a t e of the r e g r e s s i o n 
of Sx on d o s e for e a c h s e x and s t r a i n . B e c a u s e of t h e n a r r o w d o s e r a n g e , 
a l i n e a r r e g r e s s i o n a d e q u a t e l y d e s c r i b e s the r e l a t i o n s h i p in t h e s e da t a . How­
e v e r , a n a l y s i s of a s e p a r a t e e x p e r i m e n t t h a t i nvo lved a b r o a d e r r a n g e of 
d o s e s h a s shown tha t t h e o v e r - a l l d o s e - e f f e c t c u r v e i s de f in i t e ly n o n l i n e a r . ( 3 ) 
The m a g n i t u d e s of t h e d o s e - e f f e c t s l o p e s in the p r e s e n t d a t a a r e c o n s i s t e n t 
w^ith t h e s l ope of the c o m p a r a b l e s e g m e n t of t h e n o n l i n e a r d o s e - e f f e c t 
equa t ion . 

T h e r e a r e no s ign i f i can t s t r a i n d i f f e r e n c e s in the coef f ic ien t of r e ­
g r e s s i o n of Sx on d o s e . H o w e v e r , t he f e m a l e h a s a s i g n i f i c a n t l y s t e e p e r 
r e g r e s s i o n than the m a l e . The r e g r e s s i o n coe f f i c i en t s a r e . f e m a l e : - 0 . 7 3 7 ± 
0.135 d a y s / r o e n t g e n ; m a l e : - 0 . 3 9 6 ± 0.192 d a y s / r o e n t g e n . T a b l e 25 p r o v i d e s 
t h e b a s i c p a r a m e t e r s of the s u r v i v a l d a t a n e c e s s a r y to app ly t h e s l ope v a l u e s 
to any s e x o r s t r a i n for p r e d i c t i o n p u r p o s e s . 

T a b l e 26 g ives t h e p r e d i c t e d a f t e r - s u r v i v a l v a l u e s at a c o n s t a n t d o s e 
of 5 70 r for a l l s t r a i n s (SXSTO)- T h i s d o s e a p p r o x i m a t e s an a v e r a g e LD50 
v a l u e for t h e s t r a i n s i nvo lved . The p r e d i c t i o n s a r e a l s o g iven in t e r m s of 



d a y s r e d u c t i o n of l i fe and p e r cen t r e d u c t i o n of l i fe . In T a b l e 27 , t h e p r e ­
d i c t e d a f t e r - s u r v i v a l at t he LD50 d o s e a r e g iven ( S X M L D ) a long wi th the 
r e d u c t i o n of l i fe in days and p e r cen t . F o r bo th c a s e s (at t h e c o n s t a n t d o s e 
and at t he c o n s t a n t l e v e l of in ju ry) s t r a i n d i f f e r e n c e s a r e s i gn i f i can t . T h i s 
i s t r u e for any m a n n e r of e x p r e s s i o n of t h e d a t a . 

T A B L E 26 

P r e d i c t e d a f t e r - s u r v i v a l , Sx57o> d a y s r e d u c t i o n 
of l i fe and p e r c e n t r e d u c t i o n of l i fe at 5 70 r . 

S t r a i n 

B A L B / C 

A / j a x 
A / H e 
C 3 H f / H e 
C5 7 B L / 6 
A v e r a g e 

M a l e s 

Sx570 ± S E * 

247 ± 25 
390 ± 17 
465 ± 18 
526 ± 12 
492 ± 14 

R e d u c t i o n 
of l i fe 

Days 

124 
140 

87 
107 
151 
122 

% 

34 
26 
16 
17 
23 
22 

F e m a l e s 

Sx570 ± S E * 

2 4 3 ± 16 
3 7 0 ± 15 
4 3 6 ± 14 
463 ± 9 
5 1 2 ± 11 

R e d u c t i o n 
of l i fe 

Days 

184 
149 
128 
195 
163 
164 

% 

43 
29 
23 
30 
24 
29 

*SE a l s o a p p l i e s to d a y s r e d u c t i o n of l i fe . 

T A B L E 27 

P r e d i c t e d a f t e r - s u r v i v a l , S x M L D ' d a y s r e d u c t i o n 
of l i fe and p e r cen t r e d u c t i o n of l i fe at t he LDSQ/SO-

S t r a i n 

B A L B / C 

A / j a x 
A / H e 
C 3 H f / H e 
C5 7 B L / 6 
A v e r a g e 

M.xie;3 

S x M L D ± S E * 

278 ± 16 
396 ± 16 
469 ± 17 
519 ± 13 
470 ± 13 

R e d u c t i o n 
of l i fe 

D a y s 

94 
134 

83 
114 
173 
119 

% 

25 
25 
15 
18 
27 
22 

F e m a l e s 

S x M L D ± S E * 

285 ± 11 
393 ± 14 
452 ± 14 
443 ± 10 
465 ± 11 

R e d u c t i o n 
of l i fe 

D a y s 

142 
125 
112 
215 
210 
161 

% 

33 
24 
20 
33 
31 
28 

*SE a l s o a p p l i e s to d a y s r e d u c t i o n of l i fe . 
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S e p a r a t e a n a l y s e s of t h e days r e d u c t i o n of l ife and t h e p e r cen t 
r e d u c t i o n of life have a l so b e e n c a r r i e d out . T h e s e a n a l y s e s i n d i c a t e d a 
s ign i f ican t s e x d i f f e r ence in the r e d u c t i o n of l i fe . T h i s was not c l e a r l y 
ev iden t in t h e a n a l y s i s of Sx. b e c a u s e the two s e x e s have v e r y s i m i l a r 
a v e r a g e Sx v a l u e s . H o w e v e r , t he f e m a l e c o n s i s t e n t l y h a s the g r e a t e r con ­
t r o l a f t e r - s u r v i v a l , S Q , and c o n s e q u e n t l y shows s ign i f i can t ly m o r e life 
s h o r t e n i n g . T h i s g r e a t e r s e n s i t i v i t y of the f e m a l e to c h r o n i c in ju ry h a s 
p r e v i o u s l y b e e n i n d i c a t e d and d i s c u s s e d . ( 3 ) 

I n s p e c t i o n and c o m p a r i s o n of the da ta in T a b l e s 2 5 - 2 7 r e v e a l tha t , 
b e t w e e n s t r a i n s , the LD50 v a l u e s a r e p o s i t i v e l y r e l a t e d to the SQ v a l u e s . 
The two s e x e s a d h e r e to t h e one equa t ion : 

LD50/30 = 323 + 0.435 So 

S t a n d a r d e r r o r of s l ope : ± 0.078 
(1) 

The c o r r e l a t i o n b e t w e e n t h e s e two v a r i a b l e s i s +O.96. In o the r w o r d s , the 
LD50 d o s e for the young adul t is a c l o s e m e a s u r e of the n o r m a l v i ab i l i t y 
of the s t r a i n , a s d e t e r m i n e d by the SQ v a l u e . 

0.80 

0.60 

a40 

aso 

o. to 

O.OB 

0.04 

0.03 

S t r a i n s wi th h i g h e r So v a l u e s a l s o have the h i g h e r Sx v a l u e s , and 
v i c e v e r s a . F i g u r e 29 p r e s e n t s the 
b e t w e e n - s t r a i n r e l a t i o n s h i p of 8x570 wi th 
So- While the two s e x e s can aga in be 
f i t ted by a c o m m o n s l o p e , t hey have signif­
i c a n t l y d i f fe ren t i n t e r c e p t s . The equa t ions 
a r e : 

DAYS AFTER IRRADIATION 
55 III 167 223 279 335 391 447 503 559 615 
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Neutron i r rodioted mice (144 J 

Unir rodioted controls (29 ) 

1 . 1 i 1 . 1 1 1 
0 2 4 6 e 10 12 

POSTIRRADIftTION PERIODS (56 days! 

Figure 29 Between-strain regression of pre­
dicted after-survival at 570 r on 
control after-survival. Each 
strain value is bracketed by ± one 
standard error. Solid symbols: 
males; open symbols: females. 

F e m a l e s : S X5 70 - - 1 5 5 . 3 + 0.985S, (2) 

M a l e s : SXSTO = -113 .5 + 0.985So (3) 

S t a n d a r d e r r o r of s l o p e : ± 0.094 

The i n t e r c e p t s v a r y i n v e r s e l y wi th the d o s e 
at which Sx is p r e d i c t e d . The r a t e of change 
is - 0 . 7 3 7 d a y s / r for f e m a l e s and -0 .396 
d a y s / r for m a l e s . The s l ope of 0.985 i s 
the s a m e for a l l d o s e s in the a c u t e l e t ha l 
r a n g e . The c o r r e l a t i o n b e t w e e n 8x570 and 
So i s +0 .97 , wh ich i n d i c a t e s tha t about 94% 
of the s t r a i n d i f f e r e n c e s in Sx can be a t ­
t r i b u t e d to b a s i c s t r a i n d i f f e r e n c e s in 
n o r m a l v i ab i l i t y . 
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As a c o n s e q u e n c e of t h e s e c l o s e r e l a t i o n s h i p s , Sx can be p r e d i c t e d 
for any dose in the a c u t e l e t ha l r a n g e if one h a s knowledge of the c o n t r o l 
a f t e r - s u r v i v a l (So) o r the LD50. F i g u r e s 30 and 31 p r e s e n t the r e s u l t s of 
s u c h p r e d i c t i o n s for an a r r a y of So v a l u e s b e t w e e n 350 and 700 d a y s . The 
p r e d i c t e d a f t e r - s u r v i v a l s have b e e n r e - e x p r e s s e d in t e r m s of p e r cen t 
r e d u c t i o n of l ife v e r s u s d o s e . E a c h So l ine r e p r e s e n t s a g e n e t i c a l l y d e t e r ­
m i n e d l eve l of n o r m a l s u r v i v a l . 

4 0 0 5 0 0 600 
DOSE ( r ) 

Figure 30 Prediction of per cent life 
shortening vs. dose for males. 
Each solid line represents a differ­
ent genetically determined normal 
life expectancy (at 90 days of age). 
Broken lines (A and B) refer to 
predicted life shortening following 
exposure to an LD50 dose. 

4 0 0 5 0 0 6 0 0 

DOSE ( r ) 

Figure 31 Prediction of per cent life shortening 
vs. dose for females. Each solid 
line represents a different genetically 
determined normal life expectancy 
(at 90 days of age). Broken lines 
(A and B) refer to predicted life 
shortening following exposure to an 
LDc A dose. 

The SxMLD v a l u e s for the five s t r a i n s (Tab le 2 7) a r e a l s o l i n e a r l y 
r e l a t e d to So- In t h i s i n s t a n c e , the b e s t fit is ob ta ined with a l o g - l o g plot . 
The c a l c u l a t e d s lope i s +1.058 ± 0.043 (r = +0.95). The equa t ions a r e : 

F e m a l e s : SxMLD = 0 .50So^-°5^ 

M a l e s : SxMLD = 0-54So^ ' °^^ 

(4) 

(5) 

Since the s lope is s l igh t ly g r e a t e r than 1.0, life s h o r t e n i n g fol lowing an 
LD50 d o s e is a l i t t l e l ower in l o n g - l i v e d s t r a i n s than in s h o r t - l i v e d s t r a i n s . 
Th i s r e l a t i o n is d e p i c t e d by l ine A in F i g u r e s 30 and 31 . The s t r a i g h t l ine 



B , i s b a s e d on the a s s u m p t i o n tha t SxMLD is a c o n s t a n t m u l t i p l e of So (a 
s lope of 1.0). In t h i s c a s e , t h e e q u a t i o n s b e c o m e t h e s e : 

F e m a l e s : SxMLD = 0 .7 l6So (6) 

M a l e s : SxMLD " 0.778So (7) 

T h e s e s t a t e t ha t the l i fe s h o r t e n i n g c a u s e d by an LD50 d o s e i s 28.4% for 
f e m a l e s and 22.2% fo r m a l e s , r e g a r d l e s s of t h e n o r m a l e x p e c t a t i o n of l i fe . 

It shou ld be e m p h a s i z e d h e r e t ha t a l l of t h e s e p r e d i c t i o n s a r e b a s e d 
upon a n i m a l s t ha t w e r e e x p o s e d at about 90 days of a g e . The d i f fe ren t S Q 
l i n e s canno t b e a p p l i e d to any s i n g l e s t r a i n a t v a r i o u s s t a g e s of i t s l i f e . 
The l i n e s only r e f e r to g e n e t i c d i f f e r e n c e s in a f t e r - s u r v i v a l f r o m young 
adu l thood . 

The b e t w e e n - s t r a i n r e g r e s s i o n of 8x570 on So d o e s no t di f fer signif­
i c a n t l y f r o m 1,0. A un i t s l ope would i n d i c a t e t h a t a g iven s ing l e d o s e in the 
a c u t e l e t h a l r a n g e c a u s e s the a f t e r - e x p e c t a t i o n of l ife to be r e d u c e d by a 
c o n s t a n t n u m b e r of d a y s for a l l s t r a i n s . The d a t a p e r m i t t he s u g g e s t i o n 
tha t t h e r e i s one c h r o n i c i n j u r y p a r a m e t e r c o m m o n to a l l m o u s e g e n o ­
t y p e s . N a t u r a l l y , if t he d a y s l o s s of l i fe i s c o n s t a n t , t he p e r cen t r e d u c ­
t i on of l ife m u s t i n c r e a s e a s S Q d e c r e a s e s . 

The s lope of 1.058 t h a t r e l a t e s log SxMLD to log S Q a l s o canno t be 
s t a t i s t i c a l l y d i f f e r e n t i a t e d f r o m a s l ope of 1.0. H e r e too t h e r e i s e v i d e n c e 
for a s i ng l e i n j u r y p a r a m e t e r . As n o t e d p r e v i o u s l y , t h i s un i t s l ope would 
i n d i c a t e a c o n s t a n t p r o p o r t i o n of l i fe s h o r t e n i n g for a l l g e n o t y p e s at t h e i r 
r e s p e c t i v e L D S Q ' S . 

The s ign i f i can t s t r a i n v a r i a t i o n in the d a y s r e d u c t i o n of l ife t h a t is 
o b s e r v e d in t h e s e da t a m a y t h e r e f o r e be due to wha t m i g h t be c a l l e d s e c ­
o n d a r y g e n e t i c v a r i a t i o n . In o t h e r w o r d s , t h i s m a y be v a r i a t i o n in c h a r ­
a c t e r i s t i c s w h o s e gene t i c c o n t r o l i s p a r t i a l l y i n d e p e n d e n t of, or only a 
s m a l l c o m p o n e n t of, the g e n e t i c c o m p l e x c o n t r o l l i n g o v e r - a l l v i a b i l i t y . 

S o m e e v i d e n c e for t h i s i s p r e s e n t in a c o m p a r i s o n of l e u k e m i c 
v e r s u s n o n l e u k e m i c d e a t h s . M o s t r a d i a t i o n - i n d u c e d l e u k e m i a s a r e m a n i ­
f e s t e d in an a c u t e f o r m wi th in 300 d a y s p o s t e x p o s u r e , so t h a t h igh l e u ­
k e m i c s t r a i n s show a g r e a t e r r e d u c t i o n of l i fe t h a n would be p r e d i c t e d . 
A p r e l i m i n a r y a n a l y s i s of the a f t e r - s u r v i v a l of only the n o n l e u k e m i c 
m i c e of a l l s t r a i n s i n d i c a t e s t h a t , a m o n g m a l e s , s t r a i n d i f f e r e n c e s in the 
d a y s r e d u c t i o n of l ife a r e s h a r p l y r e d u c e d . Th i s a s p e c t of the d a t a wi l l 
be r e p o r t e d s u b s e q u e n t l y in m o r e d e t a i l a long wi th a m o r e c o m p l e t e 
d i s c u s s i o n of the c h r o n i c i n j u r y p a r a m e t e r . 
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In a d d i t i o n to the gene t i c v a r i a b i l i t y in life s h o r t e n i n g , t h e r e i s a 
c o n s i d e r a b l e a m o u n t of n o n g e n e t i c v a r i a n c e . The p r e s e n t da t a i n d i c a t e 
t h i s v a r i a n c e to be a p p r o x i m a t e l y 21 ,000 for bo th s e x e s . The s t a n d a r d 
e r r o r of s u r v i v a l t i m e for an i nd iv idua l a n i m a l i s t h e s q u a r e - r o o t of 
21 ,000 ; o r + 145 d a y s . In t e r m s of p e r c e n t l ife s h o r t e n i n g , t h i s t e r m 
e x t e n d s wel l beyound the l i m i t s of gene t i c d i f f e r e n c e s i n d i c a t e d in F i g ­
u r e s 30 and 3 1 . C o n s e q u e n t l y , p r e d i c t i o n s of ind iv idua l l ife s h o r t e n i n g 
a r e not g e n e t i c a l l y d i s c r i m i n a t i n g , even when the LD50 o r the n o r m a l 
l i fe e x p e c t a n c y i s known. With g r o u p s of 25 o r m o r e , t h e l i f e - s h o r t e n i n g 
effect of a s ing le a c u t e l y l e t h a l d o s e c a n be p r e d i c t e d to wi th in about 
two s t a n d a r d e r r o r s (± 1 4 5 / / / 25 = ± 29 d a y s ) . If a popu l a t i on i s of u n ­
known gene t i c qua l i t y , the p e r c e n t r e d u c t i o n of l i fe can be e x p e c t e d to 
fa l l wi th in the l i m i t s s e t by the c h a r t s a t the a p p r o p r i a t e d o s e l e v e l . 

With c e r t a i n a s s u m p t i o n s , t he c h a r t s c a n a l s o b e a p p l i e d to m a n . 
In i t i a l l y , it m u s t be r e c o g n i z e d t h a t any e x i s t i n g m e a s u r e of h u m a n r a d i o -
s e n s i t i v i t y , whi le e x t r e m e l y u n c e r t a i n , i s a t b e s t only an i n d i c a t i o n of t h e 
a v e r a g e l e v e l of s e n s i t i v i t y . If 350 r i s a s s u m e d to b e the h u m a n LD50, 
it canno t be c o n s i d e r e d any m o r e de f in i t ive t h a n an a s s u m p t i o n t h a t t h e 
m o u s e LD50 is 570 r . The l a t t e r i s a n a v e r a g e v a l u e and v a r i e s wi th the 
geno type by at l e a s t ± 15%. It i s r e a s o n a b l e to a s s u m e t h a t a s i m i l a r 
r a n g e of g e n e t i c v a r i a t i o n in a c u t e r a d i o s e n s i t i v i t y can e x i s t in m a n , 
s i n c e the h u m a n p o p u l a t i o n i s c o m p o s e d of g e n e t i c a l l y d i v e r g e n t r a c i a l 
g r o u p s t h a t a r e known to differ for m a n y m o r p h o l o g i c a l and p h y s i o l o g i c a l 
t r a i t s . ! ' * ) The ex t en t of t h i s v a r i a t i o n m a y be a p p r o x i m a t e d by the c h a r t s 
when s e v e r a l add i t i ona l a s s u m p t i o n s a r e m a d e : 

1. The p e r cen t r e d u c t i o n of l i fe in m a n is t he s a m e a s o b s e r v e d 
in the m o u s e when both s p e c i e s a r e s u b j e c t to d o s e s t h a t p r o ­
duce equa l l e v e l s of a c u t e p h y s i o l o g i c a l i n j u r y . Rough ly , t h i s 
d o s e e q u i v a l e n c e shou ld be t h e r a t i o of a v e r a g e L D S Q ' S : 3 5 0 / 5 70 
o r 0.6. The d o s e l e v e l s of F i g u r e s 30 and 31 shou ld t h e r e f o r e 
be r e d u c e d by 40%. 

2. G e n e t i c v a r i a t i o n in r a d i o r e s i s t a n c e in m a n i s d i r e c t l y r e l a t e d 
to g e n e t i c v a r i a t i o n in n o r m a l v i a b i l i t y . 

3. N o r m a l v i a b i l i t y in m a n v a r i e s by a f a c t o r of two , and t h e l i m i t i n g 
v a l u e s for t h e m o u s e a r e a c t u a r i a l l y e q u i v a l e n t to l i m i t i n g v a l u e s 
for m a n . 

4 . Sex d i f f e r e n c e s in r a d i o s e n s i t i v i t y a r e s i m i l a r for b o t h s p e c i e s . 
(Th i s a s s u m p t i o n i s h igh ly u n l i k e l y a s the f e m a l e m o u s e i s u n i q u e ­
ly r a d i o s e n s i t i v e a m o n g m a m m a l s in t e r m s of c h r o n i c i n j u r y . 
The f e m a l e m o u s e a t l e a s t m a y p r o v i d e an u p p e r l i m i t to t h e 
e x p e c t e d l i fe s h o r t e n i n g . ) 
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In addition, as for the mouse , the predict ions a r e only to be applied 
to populations exposed during young adulthood. 

With these assumpt ions , the predict ion char t s can be used to c i r ­
cumscr ibe the expectation of life shortening in man following exposure to 
single doses in the acutely lethal range. The l i fe-shortening effect of the 
average LD50 (350 r) can vary among different human subpopulations from 
17% to 34%. Should the human female be as sensi t ive as the female mouse 
to l ong - t e rm injury, then the upper l imit of life shortening could approach 
45%. 

The question of genetic variat ion in life shortening in man is 
pert inent to p resen t studies on two different r ac ia l groups of i r r ad ia t ed 
humans: the Japanese and the Mar sha l l e se I s l ander s . Whatever life short­
ening may be observed (or projected from ear ly resul t s ) can cer ta inly tes t 
the general applicability of l abora tory animal data to man. However, the 
possible exis tence of significant genetic var iabi l i ty among the r ace s of 
man makes it difficult to a s sume that the ave rage response of all humans 
can be approximated by ei ther of these two groups . The resu l t s of the 
p resen t study, together with an ea r l i e r study on acute lethality,(5) suggest 
that the genetic var iance may m a k e u p as much as 50% of the total var iance 
of r e sponse . An a r b i t r a r y doubling of the var iance observed in genetically 
inbred labora tory populations can thus allow for the genetic var iable among 
heterogeneous labora tory an imals . As a f i r s t approximation, this factor of 
two could also be applied to the observed var iance in any human data. In 
effect, this would i nc r ea se the s tandard e r r o r by 41% (-v/2). and provide a 
reasonable allowance for differences due to genetic fac tors . 
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PENICILLAMINE AND PLUTONIUM METABOLISM 

Asher J. Finkel and Dorice M. Czajka 

Recent r epo r t s on the efficacy of oral penici l lamine (|3 , jS-dimethyl-
cysteine) as a chelating agent in the t r ea tmen t of human d i seases involving 
excess accumulat ions of copper , lead, and i ron!!) p rompted a t es t of its 
effect on plutonium metabo l i sm and dis tr ibut ion. 

Young adult female CF No. 1 mice were used in these s tudies . In a 
p r e l im ina ry exper iment 15.0 mg of penici l lamine injected in t raper i tonea l ly 
produced fatal convulsions in each of 5 mice . S imi lar injections of 7.5 mg 
led to 1 death among 5 mice in 24 hr while 0.75 mg produced no adve r se 
effect. The la t te r amount is roughly equivalent to 2.0 g per 70-kg man. 

In the f i r s t exper iment 0.17 /Ltc of Pu(N03)4 was injected in t r ave ­
nously into each of 24 mice . One hour la te r 3.0 mg of penic i l lamine was 
injected in t raper i tonea l ly into 1 2 of these m i c e . Mice in groups of th ree 
were sacr i f iced in the exper imenta l and control groups 1, 3, 5, and 24 hr 
after the penici l lamine was admin i s t e red . L ive r , kidney, spleen, femur , 
lung, a sample of hea r t blood, and the res idual c a r c a s s were analyzed for 
plutonium. Pooled ur ine and feces were also col lected and analyzed for 
each group of mice . These ana lyses revea led no significant differences 
between the t r ea t ed and the control groups . 

In a second exper iment , each of 36 mice was injected in t ravenously 
with 2.72 jic Pu(N03)4. One hour l a t e r 3.0 mg penic i l lamine was injected 
in t raper i tonea l ly into 1 8 of these mice ; this injection was repea ted daily 
for the next 4 days and again on the 7th day. Three t r ea t ed and 3 control 
an imals were sacr i f iced 4 hr after each penici l lamine injection, and the 
l iver , femur , and res idua l c a r c a s s were analyzed for plutonium. Analysis 
of the data again revea led no constant difference between t r ea t ed and 
control groups . 

Apparently, in t raper i tonea l ly adnninistered penici l lamine is with­
out effect on the me tabo l i sm and dis t r ibut ion of in t ravenously introduced 
plutonium in mice . 
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MULTIPLE RADIOISOTOPE INJECTION IN MICE (Ce^^, Cs*" , AND Zn^^) 

Analysis of Retention at T r a c e r and Toxic Dose 
Levels by Nal -Tl Crys ta l Spec t romet ry in vivo 

Finn Devik* and Austin M. Brues 

The use of radioact ive t r a c e r s in genera l , and of double t rac ing 
techniques (e.g. Fe , Fe , and Cr , Ca and Sr ) in pa r t i cu la r , is based 
on the well-founded assumpt ion that radioact ive t r a c e r s do not in terfere 
with naetabolic p r o c e s s e s f rom a prac t ica l point of view. Exper imenta l 
evidence also tends to support the assumption that when two or more 
radiois topes a r e p re sen t in t r a c e r amounts in a living o rgan i sm there is 
no mutual in ter ference in the pa t te rn of dis tr ibut ion, retention and e x c r e ­
tion. At radiotoxic levels this may not n e c e s s a r i l y be so, because rad io -
toxic effects as manifested by pathological and physiological changes may 
be expected to change the fac tors that govern the pathways of each specific 
radioisotope in such a way that dis tr ibut ion, retent ion, and excret ion would 
be affected. The possibi l i ty of mutual chemica l in teract ion between rad io-
e lements with resul tant change in behavior na tura l ly would inc rease when 
the amounts a r e inc reased , although for c a r r i e r - f r e e radioisotopes the 
amount of element p resen t (by weight) may sti l l be so low as to make a 
difference l e s s l ikely with r e spec t to t r a c e r doses . The ingestion of a 
number of different radioisotopes at acute toxic levels may be conceived 
as a possibi l i ty if exposure to substant ial concentra t ions of f ission p r o ­
ducts were to take place. 

Few exper iments on the effects of a mixture of radioisotopes in 
living o rgan i sms have been repor ted , and these have mainly involved ad­
min i s t ra t ion of mixed fission products of known age, with recording of 
total ac t iv i t i es . Since sensi t ive techniques a re now available for the 
analysis of the amounts of single components of a mix ture of /5 - o r 7 - r a y 
e m i t t e r s , a s e r i e s of exper iments was c a r r i e d out with th ree 7 - e m i t t e r s 
to tes t if the distr ibution and retent ion pa t te rn at radiotoxic dose levels 
would differ f rom that at the t r a c e r dose leve ls . 

Mate r ia l s and Methods 

F e m a l e CF No. 1 mice 6 weeks old weighing about 25 g were used 
for the exper imen t s . 

*World Health Organizat ion Fel low from State Labora to ry of Radiation 
Hygiene, Rikshospi ta le t , Oslo, Norway. 



Ce^**-Pr^^, Cs^^'^'-Ba^^'' and Zn^^ were choserf because they a r e 7-
emi t t e r s with 7 - r a y energies sufficiently different to be easi ly separa ted 
in the energy spec t rum, the main peaks being at 0.134, 0.6612 a n d l . l l 4 M e v 
respect ively . The radioisotopes were p rocured from Oak Ridge National 
Labora tory . Cer ium ajid ces ium were c a r r i e r - f r e e fission products , puri ty 
be t te r than 99% (exclusive of Ce**^). Zn^^ had been produced by the Zn^*(n,7) 
Zn react ion; the specific activity was stated to be more than 75 mc per 
g r am of zinc. 

The e lements were admin is te red separa te ly as CeCls, CsCl and 
ZnCl2. The original hydrochlor ic acid solutions were diluted with sal ine, and 
pH was adjusted to about 3; the volume injected of each solution was 0.1 -
0.2 ml per mouse . CeCla was injected intravenously, and the m o r e soluble 
chlor ides of ces ium and zinc were injected in t raper i toneal ly . 

3' To count the 7 activity in the mice in vivo, a Z-^ in. x 2 in. Nal -Tl 
c rys ta l was used in connection with a photomult ipl ier tube. The impulses 
were led to a l inear amplif ier and counted in th ree different pa r t s of the 
spec t ra l range of a pulse-height ana lyzer . These pa r t s were selected 
empi r ica l ly so that the pulse height and channel width of each cor responded 
to the optimum counting yield below and including the main 7 - p e a k of each 
element . F o r counting, each mouse was placed in a perfora ted I4 in. plas t ic 
centrifuge tube in a holder over the c rys t a l , to ensure a fixed geometry . 
The distance from c rys t a l to mouse was approximately 2 in. in the t r a c e r 
dose s e r i e s , and 12 in. when radiotoxic doses had been admin is te red . 

Resul t s 

The r e su l t s of the t r a c e r dose exp'eriments a r e summar i zed in 
Table 28 and Figure 32. 

P r e l i m i n a r y exper iments indicated that it was imprac t i ca l to ad-
mins t e r all th ree radioact ive e lements in radiotoxic or nea r - r ad io tox ic 
amounts . Therefore , one of the th ree radioisotopes was givenin radiotoxic 
amounts , the other two in t r a c e r amounts (Figure 33). In smal l animals 
such as mice the main radiotoxic effect is accounted for by the absorpt ion 
of /3-rays . The absorpt ion of 7 - r a y s may be r ega rded as re la t ively ins ig­
nificant in determining toxicity. 

Available information on r a t s , calculation of the dose f rom j3-ray 
absorpt ion, and p re l imina ry t e s t s indicated that the LD50/30 for Ce^'^^-Pr^** 
was 2-3 juc/g, and that for Cs^^^-Ba'^^ somewhat more than 30 jUc/g body 
weight in the mice . 

65 / 

Zn is a weak j3-emit ter . Bes ides , a dose of 100 jic/monse had a 
toxic effect which killed mos t mice the f i r s t day after injection. This effect 
was asc r ibed to the p resence of zinc and impur i t i es in amounts which had 
a chemical toxic effect at this dose level . 



TABLE 28 

Retention of radioelements in four groups of mice after 
injection of 2 ^c Ce'**, 1 ^c C s ' ' ' and 1 /i c Zn" 
respectively, combined and single. Figures in 

parentheses give the ranges of variation 
between single animals 

Number of 
mice 

6 

4 

4 

4 

Isotope 

Ce' '" 

C s ' " 

Zn'5 

Ce '« 

C s ' " 

Zn'^ 

Retention, % of counts I 

1 

100 

100 

100 

100 

100 

100 

day after 

Days after injection 
2 

96 
(92-103) 

72 
(68- 87) 

89 
(81- 93) 

100 
(93-111) 

72 
(68- 79) 

86 
(85- 88) 

3 

92 
(89-103) 

55 
(50- 68) 

79 
(73- 82) 

92-
(87-108) 

55 
(52- 63) 

79 
(77- 80) 

6 

81 
(75-88) 

28 
(23-35) 

59 
(54-65) 

81 
(70-101) 

30 
(25-35) 

63 
(63-64) 

injection 

14 

59 
(52-63) 

7 
( 5- 9) 

36 
(32-40) 

58 
(45-78) 

8 
( 5-11) 

38 
(37-39) 

T r 
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Fig. 32 Retention after tracer amounts. Fig. 33 Retention after radiotoxic amounts. 



EFFECTS OF ULTRAVIOLET RADIATION ON AMOEBAE 

Edward W. Daniels 

The sensit ivi ty of the giant amoeba Pelomyxa i l l inoisensis to UV 
radiat ion has been invest igated in o rde r to extend a compara t ive study of 
the effects of different kinds of radiat ion on this re la t ively radiosens i t ive 
species of amoeba. Survival and cell division data have previously been 
obtained following exposures to X-rays , !^) y - r a y s and fission neutrons.!^) 
This information was then used in exper iments designed to de te rmine 
whether or not un i r rad ia ted pro toplasm will br ing about r ecovery after its 
injection into suprale thal ly u l t r av io l e t - i r r ad i a t ed amoebae , and a l so to 
de te rmine whether pro toplasm from suprale thal ly u l t r av io l e t - i r r ad ia t ed 
o rgan i sms will prevent death in suprale thal ly X- i r r ad ia t ed amoebae. Since 
the p r i m a r y physical action of ul t raviole t radiat ion differs from that of 
ionizing radiat ion, it appeared possible that differently i r r ad ia t ed sys t ems 
of this type might be mutually helpful. 

P r o c e d u r e . 

The source of ul t raviole t (UV) radiat ion was a General E l ec t r i c 
15-watt germicidal m e r c u r y vapor l amp with a peak emiss ion at 2537 A. 
A Latar je t dos imete r (selenium block layer photocell covered with a fluo­
rescen t layer with p roper f i l ters) was used to de te rmine the output before 
each exposure . The cal ibrat ion of this device had a 5% e r r o r . At a t a r ­
get distance of 53 cm, 50 o rgan i sms at a t ime were exposed in about 1 ml 
of phosphate buffer,(3) pH 6.9 - 7.0. They were spread out on the bot tom 
of glass vials 6 mm high which were open at the top to pe rmi t free t r a n s ­
miss ion of the UV radiat ion. The t e m p e r a t u r e was kept between 22.5 and 
23.5°C during and after exposure . The cel ls were removed and isolated 
in fresh buffer medium about 15 min after i r rad ia t ion . All except those in 
photoreactivation studies were kept e i ther in the dark or in red light. Al­
though it was only n e c e s s a r y to keep the exper imenta l cel ls for 10 to 15 day 
after exposure to ionizing radiat ion, those exposed to UV radiat ion were 
studied for 45 days, since some of the cel ls lived about this long before 
e i ther m a s s culture formation or death occur red . 

Resul t s 

Effect of ul t raviolet radiat ion. The sensi t ivi ty of this amoeba to 
UV radiat ion is shown in Table 29 and F igure 34. 'The lethal dose was ob­
tained after 5 . 5 - 6 min exposure or about 5000 e rgs mm"^. Although in­
sufficient data a re available to differentiate between a l inear and a sigmoid 
curve , the l inear type of curve i s m o r e c losely approximated after UV rad ia ­
tion than after any of the ionizing radiat ions w^hich have been used. 



TABLE 29 

Sensitivity of Pelomyxa illinoisensis to different radiations 

Approx imate m a x i m u m dose 
producing no m o r t a l i t y 

Approx imate dose producing 
50% m o r t a l i t y * 

Min imum single dose which ki l led 
all ce l l s (LDioo)* 

Mean t ime of death in days af ter 
above dose (LDjoo)** 

Supra le tha l d o s e * 

Mean t ime of death in days af ter 
supra l e tha l dose** 

X - r a y s , 
4 k r / m i n 

7 k r 

11 k r 

14 k r 

4.9 + 0.2 
(63) 

24 k r 

4.6 ± 0.1 
(164) 

7 - r a y s , 
25 r / m i n 

9 k r 

17 k r 

25 k r 

4.2 ± 0.4 
(25) 

40 k r 

4.1 ± 0.2 
(25) 

F i s s i o n 
n e u t r o n s , 

31 r e p / m i n 

8 k r e p 

11 k r e p 

15 k r e p 

4.4 + 0.1 
(25) 

30 k r e p 

4.2 ± 0.1 
(158) 

Ul t rav io le t 
(2537A) 

14.3 e r g s 
sec"* mm"^ 

<500 e r g s mm"^ 

2150 e r g s mm"^ 

5000 e r g s mm"^ 

14.7 + 1.1 
(50) 

13000 e r g s mm"^ 

5.0 ± 0.2 
(20) 

*Period of observation was 10 days after ionizing radiation exposures and 45 days 
after ultraviolet irradiation. 

**The values representmeans, plus or minus Standard Er ro r . Numbers in paren­
theses represent numbers of cells observed. 
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The mean survival tinne of amoebae exposed to supralethal doses 
of UV radiation is 5 days or about the same as that after a killing dose of 
ionizing radiation (Table 29)- These data a r e supported by studies of 
200 amoebae kept in m a s s cul tures until death after a single continuous 
dose of 13,000 e rgs mm~^, and also by death t ime m e a s u r e m e n t s of fifty 
isolated amoebae after a dose of 8600 e rgs mm~^ at the ra te shown in 
Table 29- On the other hand, after a dose of UV radiat ion just sufficient 
to kill all ce l l s , the amoebae survive some 15 days, or about 3 t imes 
longer than those given suprale thal doses of UV radiat ion, or any of the 
doses of ionizing radiat ions sufficient to cause some cel ls to die (Table 29)-
Amoebae that die following UV doses nea r the LD50 also live about 15 days 
or about 3 t imes as long as those given supralethal doses of the same r a ­
diation. On the other hand, the cel ls that die after exposure to doses of 
ionizing radiat ion near the LD50 die in about 5 days . 

Cells lethally i r r ad ia t ed by UV frequently became gradually smal le r 
in s ize until , at the t ime of death s eve ra l days a i te r i r r ad ia t ion , they were 
great ly reduced in s ize . These changes were not seen in cel ls dying after 
exposure to lethal doses of ionizing radiat ion. The lethally UV- i r rad ia ted 
amoebae fed poorly if at all on other protozoa, in con t ras t to amoebae ex­
posed to lethal doses of ionizing rad ia t ions . 

Amoebae exposed to a lethal or suprale thal dose of UV radiat ion 
seldom underw^ent a cell division. If exposed to low^er doses near the 
L.D50, 11% of the single cell i so la tes that eventually died, divided at l eas t 
once, and among those that divided, 33% had daughter cel ls which under ­
went one or m o r e cell divis ions. On the other hand, amoebae that under ­
went a second cell division (division of the daughter cell) after exposure 
to ionizing radiat ion a lmost always produced m a s s cu l tures . Among the 
surv ivors the mean t ime lapse between UV exposure and the f i r s t cell 
division was as long as or longer , but in no case sho r t e r , than the mean 
t ime lapse between the first and second cell divis ions. Four dose levels 
(955, 1715, 2568, and 4290 e rgs mm"^) were studied (Figure 34). The 
actual t ime requ i red for the f i r s t and second divisions was about twice 
that for the respect ive noni r rad ia ted cont ro ls . The mean t ime betw^een 
the second and thi rd divisions in the i r r ad i a t ed amoebae was only slightly 
delayed. 

Photoreact ivat ion. In a study of photorecovery in P . i l l ino isens is , 
an LD50 dose (1715 e r g s mm"^) of far UV light was used to i r r a d i a t e two 
groups of amoebae at the same t ime under s imi l a r conditions. One group 
(53 cells) was put in the dark after exposure and examined under red light 
thereaf te r to minimize photoreact ivat ion. The other group (51 cel ls) was 
immedia te ly exposed to white light continuously for 6 hr at constant room 
t e m p e r a t u r e . This light, emit ted by a 100-W, 120-V, 60-cycle bulb in a 
m ic roscope lamp (open d iaphragm), was ref lected by the ground glass 
m i r r o r of the mic roscope into the amoebae that were on the mic roscope 
s tage. The dis tance of the light path was 12 cm. Both groups of amoebae 



w e r e t r a n s f e r r e d to f r e s h m e d i a and i s o l a t e d a t a p p r o x i m a t e l y the s a m e 
t i m e . They w e r e then s u b c u l t u r e d da i ly un t i l d e a t h o r f o r m a t i o n of m a s s 
c u l t u r e s , wh ich r e q u i r e d 45 days in a few c a s e s . S u r v i v a l in the g r o u p 
t h a t w a s no t e x p o s e d to l igh t w a s 5 1 % whi l e t h a t in the g r o u p e x p o s e d to 
whi te l igh t v/as 657o; a c c o r d i n g to the c h i - s q u a r e a n a l y s i s , t h i s d i f f e r ence 
i s not s ign i f i can t . 

M i c r o t r a n s f e r of n o n i r r a d i a t e d p r o t o p l a s m . P e l o m y x a e w e r e g iven 
a s u p r a l e t h a l dose of UV r a d i a t i o n (2.5 x m i n i m u m d o s e which k i l l e d a l l of 
50 e x p o s e d c e l l s in 45 days ) and then fused wi th n o n i r r a d i a t e d a m o e b a e , o r 
wi th p o r t i o n s cut f r o m t h e m . A to t a l of 21 fus ions w a s m a d e in wh ich p r o ­
t o p l a s m i c t r a n s f e r w a s d i r e c t l y o b s e r v e d . Of t h e s e fused p r o t o p l a s t s , 76% 
s u r v i v e d and p r o d u c e d m a s s c u l t u r e s . E v i d e n c e f r o m s t a i n e d s p e c i i n e n s 
i n d i c a t e s t h a t bo th i r r a d i a t e d and n o n i r r a d i a t e d n u c l e i d iv ided s y n c h r o ­
n o u s l y a t the f i r s t m i t o s i s fo l lowing UV e x p o s u r e and fus ion ; only young 
n u c l e i w e r e p r e s e n t in the d a u g h t e r c e l l s f ixed a few m i n u t e s a f t e r m i t o s i s . 
Ce l l d iv i s i on w a s not s i gn i f i c an t l y d e l a y e d in t h e s e fused o r g a n i s m s . The 
m e a n t i i ne and s t a n d a r d e r r o r of the f i r s t c e l l d i v i s i o n a f t e r t he i s o l a t i o n 
of 50 n o n i r r a d i a t e d c o n t r o l c e l l s w a s 3.0 ± 0.2 days wh i l e in the fu sed o r ­
g a n i s m s ( i r r a d i a t e d p l u s n o n i r r a d i a t e d ) the e q u i v a l e n t t i m e w a s 3.7 ± 0.4 
d a y s . The m e a n t i m e l a p s e b e t w e e n f i r s t and s e c o n d d i v i s i o n s in t h e con ­
t r o l s w a s 2.6 ± 0.1 d a y s whi le the e q u i v a l e n t t i m e in the d a u g h t e r c e l l s of 
the fused o r g a n i s m s w a s 2.5 ± 0.3 d a y s . F u s i o n a l o n e d o e s not d e l a y 
division.!-^) 

F u s i o n of d i f f e r en t l y i r r a d i a t e d c e l l u l a r s y s t e m s . As would be 
e x p e c t e d , the fus ion of one s u p r a l e t h a l l y X - i r r a d i a t e d a m o e b a wi th a n o t h e r 
d o e s no t p r e v e n t d e a t h o r ex t end the tinne of d e a t h , a s shown by 42 fus ions 
v/hich w e r e m a d e c o m b i n i n g p a i r s of a m o e b a e e a c h of w h i c h had b e e n g iven 
a l e t ha l d o s e of X - r a y s . ( 4 ) H o w e v e r , it i s t h e o r e t i c a l l y p o s s i b l e t h a t the 
t h e r a p e u t i c c o m p o n e n t ( s ) in n o n i r r a d i a t e d p r o t o p l a s m t h a t p r e v e n t d e a t h 
in s u p r a l e t h a l l y X - i r r a d i a t e d a m o e b a e m i g h t no t b e d a m a g e d in c e l l s g iven 
s u p r a l e t h a l d o s e s of c e r t a i n o t h e r t y p e s of r a d i a t i o n . T h i s c o n c e p t w a s 
d i r e c t l y t e s t e d f o r two r a d i a t i o n s o the r t h a n X - r a y s . 

S u p r a l e t h a l l y n e u t r o n - i r r a d i a t e d a m o e b a e w e r e c o m b i n e d wi th 
p o r t i o n s cut f r o m s u p r a l e t h a l l y X - i r r a d i a t e d a m o e b a e ! ^ ) so t h a t t he fused 
p r o t o p l a s t s e a c h c o n t a i n e d bo th t y p e s of i r r a d i a t e d p r o t o p l a s m . The 
a v e r a g e r a t i o of X - i r r a d i a t e d t o n e u t r o n - i r r a d i a t e d p r o t o p l a s m w a s a p ­
p r o x i m a t e l y 1 to 8. The d a t a f r o m a t o t a l of 21 f u s i o n s show c l e a r l y t h a t 
t h e s e s y s t e m s a r e no t m u t u a l l y helpful and s u r v i v a l d o e s not fol low t h i s 
t y p e of un ion . 

As an e x t e n s i o n of t h i s i d e a , s u p r a l e t h a l l y X - i r r a d i a t e d c e l l s w e r e 
fu sed wi th s u p r a l e t h a l l y U V - i r r a d i a t e d a m o e b a e . A t o t a l of 21 f u s i o n s 
w e r e m a d e , and the p r o t o p l a s t s , e a c h c o n t a i n i n g X - i r r a d i a t e d and UV-
i r r a d i a t e d p r o t o p l a s m , w e r e i s o l a t e d and fed. Al l of t h e s e o r g a n i s m s d i e d , 
iTiost b e t w e e n t h e 4th and 6th day a f t e r e x p o s u r e . Only a s i ng l e d i v i s i o n 
o c c u r r e d , and bo th d a u g h t e r c e l l s d i e d 



Discuss ion and Conclusions 

K a lethal dose of radiat ion or other toxic agent c r i t ica l ly damages 
only ce r ta in kinds of in t race l lu la r components essent ia l to the life of the 
cel l , it should be possible specifically to rep lace or r epa i r the damaged 
uni t s . In connection with this hypothesis , a major problem is to find which 
units a r e c r i t ica l ly damaged by radiat ion and to d iscover a means of helpin 
the cell to overcome the damage. This can be done by introducing a whole 
new spec t rum of ingredients n e c e s s a r y to a living cel l , namely whole p r o ­
toplasm from the same spec ie s . The major knowledge that this approach 
has so far given is that radiat ion death can be prevented in single cel ls by 
the injection of whole p ro top lasm, and that i r r ad i a t ed and non i r rad ia ted 
nuclei continue to undergo mi tos i s m an apparent ly no rma l manner in the 
same cel l . 

If one type of radiat ion (X-rays) does not incapacitate the same 
vital components in a cell that another type of radia t ion ( f iss ion-neutrons 
or UV) does, then two of these pro toplasmic sys tems might be mutually 
beneficial following fusion. This is of theore t ica l i n t e re s t pa r t i cu la r ly 
since the initial physical action of these radia t ions is different. X - r a y s 
br ing about ionization by the production of recoi l e l ec t rons , whereas fast 
neut rons produce it by recoi l p ro tons . In addition to th i s , the ionization 
t r acks a r e different. On the other hand, u l t raviole t radiat ion causes 
excitation and is differentially adsorbed at specific wavelengths. At the 
wavelength used (2537 A) the nucleic acids absorb heavily.!") However, 
as shown in this paper , the re were no mutually beneficial effects after 
the fusion of ce l ls exposed to different rad ia t ions and then combined in 
the manner descr ibed . This indicates that f ission neut rons as well as 
UV photons incapaci ta te the therapeut ic component r equ i red for s u r ­
vival in suprale thel ly X- i r r a d i a t e d amoebae . As far as this therapeut ic 
aspect ot radiat ion injury is concerned, these th ree different radia t ions 
appear to act e i ther on the same subs tances , or on different subs tances 
local ized on the same organel le . In other words , each of these radia t ions 
probably affects a number of different in t r ace l lu la r units but the p ro t ec ­
tive component(s) of special in te res t in the p resen t work seem to be 
d i rec t ly or indirect ly damaged by each type of radia t ion which was used. 
If the fine pa r t i cu la tes a r e the t a rge t o rgane l l e s , s eve ra l pathways all 
leading to thei r inactivation can be imagined: energy diss ipat ion at any 
one of severa l lower (biochemical) organizat ional levels might r e su l t 
in the inactivation of a fine pa r t i c l e as far as i ts therapeut ic effect is 
concerned. 

The g rea t e s t delay m cell division among su rv ivors of var ious 
doses of UV radia t ion (Figure 34) occu r r ed before the f i r s t division 
according to mean values of control and exper imenta l groups; the t ime 
between divisions was f rom two to th ree t imes that of the non i r rad ia ted 
control . The mean t ime lapse between the f i r s t and second cell divisions 



was near ly as great—about twice that of the corresponding noni r rad ia ted 
cont ro ls . The th i rd division m e a n s , however, showed only slight delay, and 
m a s s cu l tures of 20 or m o r e cel ls were produced in the single cell clones 
within a few days after the th i rd division occur red . Thus, the g rea tes t 
delay occurs p r io r to the f i rs t and second cell divisions after UV i r r a d i a ­
tion as it does after sublethal exposure to ionizing radiat ions (X- rays , 
gamma rays and fission neutrons) . 

In P a r a m e c i u m , X-rays^ as well as ni t rogen m u s t a r d (HN2)̂  cause 
delay in cell division that is g rea tes t before the f i r s t division and gradually 
d e c r e a s e s between success ive d iv i s ions ! ' / as in Pelomyxa carol inensis!") 
and P . i l l inoisensis . !M However, in the la t te r o rgan i sm the g rea tes t delay 
somet imes occurs after the f i r s t division although not la ter than th i s . It 
is in teres t ing that in X- i r r ad i a t ed P . ca ro l inens i s the block in cell division 
occurs before the f i r s t division, but after HN2 t rea tment - i t occurs after 
the f i r s t division.!9) If well-fed, rapidly-dividing p a r a m e c i a a r e exposed 
to UV, they show a major division delay per iod after some 2 or 3 divis ions, 
which is followed by r ecove ry in sublethally i r r ad i a t ed o rgan i sms . ! !^ ) 
However, l e s s rapidly dividing or s ta rved p a r a m e c i a exposed to UV might 
be expected to show the lag in cel l division e a r l i e r , before the f i rs t divi­
sion or immedia te ly af terward. A special study of this nutr i t ional aspect 
has not been made on Pelomyxa. Up to the p re sen t t ime very l i t t le use 
has been made of s ta rved or poorly-fed amoebae in this l abora to ry . Wilber 
and S lane ! l l ) exposed s ta rved Pelomyxa caro l inens i s amoebae to 2537-A 
UV radiat ion, but the o rgan i sms were not fed again after i r rad ia t ion . 
Mazia and Hirshfield!^^) have shown that well-fed Amoeba p ro teus , which 
is at l eas t 10 t imes more r e s i s t an t to X - r a y s than P . i l l inoisensis!^ ''•^I 
has an ul t raviole t sensi t ivi ty a lmost identical to that of P . i l l ino isens is . 
F u r t h e r m o r e , delay in cell division in UV-exposed Â . proteus!^^) is e s ­
sential ly complete after one or two pos t i r rad ia t ion divis ions . 
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PROGRESS REPORT: GRANULOCYTE LIFE CYCLE 

H a r v e y M. P a t t and M a r y A. Maloney 

P r e l i m i n a r y s t u d i e s of the g r a n u l o c y t e l ife cyc l e a s r e v e a l e d "by 
r a d i o a u t o g r a p h i c a n a l y s e s of m a r r o w and b lood f r o m dogs r e c e i v i n g 
t r i t i a t e d t h y m i d i n e w e r e r e p o r t e d p r e v i o u s l y . ( 1 )2) We w i s h at t h i s t i m e 
to p r e s e n t da ta r e l a t i n g to the d i s a p p e a r a n c e f r o m p e r i p h e r a l b lood of 
n e u t r o p h i l s l a b e l e d wi th t r i t i a t e d t h y m i d i n e . 
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I n f o r m a t i o n c o n c e r n i n g the n o r m a l pa thways for n e u t r o p h i l u t i l i z a ­
t ion and r e m o v a l is i n c o m p l e t e . Many n e u t r o p h i l s a r e a p p a r e n t l y d e s t r o y e d 
in d i s c h a r g i n g t h e i r func t ions of r e m o v i n g c e l l u l a r d e b r i s and he lp ing to 
m a i n t a i n the s t e r i l i t y of t h e i n t e r n a l e n v i r o n m e n t . L a r g e n u m b e r s of c e l l s 

a r e p r o b a b l y a l s o l o s t in v a r i o u s 
s e c r e t i o n s and e x c r e t i o n s . T h u s , it 
s e e m s r e a s o n a b l e to a s s u m e tha t the 
p e r i p h e r a l t i m e span to n e u t r o p h i l s 
m a y be s o m e w h a t l e s s dependen t 
upon age than tha t of e r y t h r o c y t e s . 
The d i s a p p e a r a n c e of l a b e l e d n e u - \ 
t r o p h i l s f r o m the p e r i p h e r a l b lood \ 
of a dog, shown in F i g u r e 35, i s 
s u g g e s t i v e of a r a n d o m u t i l i z a t i on . 
Al though the da ta i n d i c a t e tha t t he 
h a l f - t i m e for d i s a p p e a r a n c e of a l l 
l a b e l e d c e l l s f r o m b lood is about 
2 d a y s , a h a l f - t i m e of 1 2 to 24 h o u r s 
i s a p p a r e n t when c o n s i d e r a t i o n i s 
g iven to m o r e h o m o g e n e o u s c l a s s e s 
of l a b e l e d c e l l s as r e v e a l e d by g r a i n 
count . T h u s , we m a y note the s h a r p 
d i f f e rence in the i n i t i a l d e c a y of t h e 
4 - 9 and 10-19 g r a i n c l a s s e s . C e l l s 
wi th 4 to 9 g r a i n s , which a r e d e r i v e d 
m a i n l y f r o m p r o g e n i t o r s wi th 1 0 to 
19 g r a i n s a p p a r e n t l y con t inue to be 
r e l e a s e d for s e v e r a l days a f te r l a ­
b e l e d c e l l s f i r s t a p p e a r in the b lood. 
T h i s i s c o n s i s t e n t wi th t h e f inding 

tha t l a b e l e d m y e l o c y t e s a r e d e t e c t a b l e in m a r r o w for s e v e r a l days af ter 
in jec t ion of t r i t i a t e d t h y m i d i n e , though wi th d e c r e a s i n g g r a i n c o n c e n t r a ­
t ion . S ince the m o r e h o m o g e n e o u s c l a s s e s of l a b e l e d c e l l s d i s a p p e a r wi th 
a h a l f - t i m e of the o r d e r of 12-24 h o u r s , the p e r i p h e r a l pool of n e u t r o p h i l s 
m a y not be n e a r l y a s l a r g e a s h a s b e e n i n f e r r e d . P e r h a p s only 5 to 10 t i m e s 
a s m a n y c e l l s m a y r e s i d e in the p e r i p h e r y as in obv ious c i r c u l a t i o n in con­
t r a s t to p r e v i o u s e s t i m a t e s of s o m e 50 t i m e s . ! 3 - 5 ) 

j^ > 20 groins 
I I 
I I 
I t 

J I L _ J 1 L . J I L 
0 2 4 6 8 10 12 

DAYS AFTER H ' THYMIDINE INJECTION 

Figure 35 Disappearance of labeled 
neutrophils from blood. 
(Each point is based 
on enumeration of 
2000 neutrophils.) 
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PROGRESS R E P O R T : P L U T O N I U M REMOVAL 

I. T r e a t m e n t of P l u t o n i u m P o i s o n i n g wi th New C h e l a t i n g A g e n t s 

J a c k S c h u b e r t , J o a n F . F r i e d , W i l l i a m M. Wes t f a l l , 
E l i z a b e t h S. M o r e t t i and E . H. G r a u l * 

Unti l now, the m o s t e f fec t ive c h e l a t i n g agen t for the t r e a t m e n t of 
p l u t o n i u m po i son ing h a s b e e n e t h y l e n e d i a m i n e t e t r a a c e t i c ac id (EDTA) . 
Two new che l a t i ng a g e n t s , d i e t h y l a m i n e t r i a m i n e p e n t a a c e t i c ac id (DTPA) 
and b i s ( 2 - a m i n o e t h y l e t h e r ) t e t r a a c e t i c ac id (BAETA) , bo th r e l a t e d to 
E D T A , have b e c o m e a v a i l a b l e . The f o r m u l a s for t h e s e two a g e n t s and 
E D T A a r e shown be low: 

HOOC-CHg CH2COOH 

^NCHgCHgN' ;^ 

HOOC-CH2 CH2COOH 

EDTA 

HOOC-CH2 CH2COOH 

NCH2CH2NCH2CH2N HOOCCH2 CH2COOH 

H 0 0 C - C H 2 CH2 CH2COOH NCH2CH2-0-CH2CH2N 

COOH HOOCCH2 CH2C00H 

DTPA 
BAETA 

Since t h e s e two new c h e l a t i n g a g e n t s w e r e e x p e c t e d t o f o r m s t r o n g e r 
c h e l a t e s wi th p lu ton ium than E D T A , the fol lowing e x p e r i m e n t w a s se t up . 
F o u r d i f fe ren t g r o u p s of r a t s w e r e i n j ec t ed wi th a m i x t u r e of P u and 
Sr®^ i n t r a v e n o u s l y . T r e a t m e n t w a s begun 6 days a f t e r in jec t ion and r e ­
p e a t e d a t about week ly i n t e r v a l s . G r o u p I r e c e i v e d only s a l i n e . G r o u p II 
r e c e i v e d D T P A , G r o u p III r e c e i v e d B A E T A , and Group IV r e c e i v e d E D T A . 
Iden t i ca l a m o u n t s of the r e s p e c t i v e c h e l a t i n g a g e n t s , --^0.8 m M / k g , w e r e 
a d m i n i s t e r e d in a l l the g r o u p s . All a n i m a l s w e r e s a c r i f i c e d at 27 days 
a f t e r in j ec t ion for t i s s u e a n a l y s e s . 

P r e l i m i n a r y r e s u l t s show, in a s t r i k i n g way , tha t the new c h e l a t i n g 
a g e n t s a r e fa r s u p e r i o r to E D T A . F o r e x a m p l e , at the 6 -day t r e a t m e n t p e r ­
iod, the e x c r e t i o n of P u in D T P A - a n d B A E T A - t r e a t e d a n i m a l s w a s i n c r e a s e d 
five to s i x t i m e s over t h a n tha t o b s e r v e d in E D T A - t r e a t e d a n i m a l s . 

As w a s e x p e c t e d f r o m t h e o r e t i c a l c o n s i d e r a t i o n s , none of the c h e l a t ­
ing a g e n t s had any effect on the e x c r e t i o n of r a d i o s t r o n t i u m . 

*Res iden t R e s e a r c h A s s o c i a t e f r o m U n i v e r s i t y of M a r b u r g / L a h n , 
W. G e r m a n y . 



DYNAMICS OF THE RELEASE OF HISTAMINE 
FROM THE TISSUE MAST CELL 

Douglas E. Smith 

It is general ly acknowledged that the t i ssue m a s t cell contains h i s ­
tamine and hepar in . (U This note is concerned with a s e r i e s of cytological 
changes that we have observed in living m a s t cells t r ea t ed with h i s t amine 
l i b e r a t o r s . Our findings extend those previously reported!'^ '- ' / in living m a s t 
cel ls t r ea ted s imi la r ly . Microscopic observat ions and c inephotomicro-
graphic record ings were made of the m a s t cells of the t rans i l lumina ted 
m e s e n t e r y of the intact , anes thet ized Sprague-Dawley ra t . Bright-f ie ld 
i l lumination and magnifications of 400-900 X were employed. The expe r i ­
ments consis ted of supplanting the oxygenated Tyrode ' s solution normal ly 
bathing the p repara t ion with Tyrode ' s solution containing one of the following 
tes t subs tances : Compound 48/80,* 1:100,000; s t i lbamidine, 1:80 to 1:8000; 
pro tamine sulfate, 1:5000 to 1:100,000; or toluidine blue, 1:5000 to 1:200,000. 
All of these compounds br ing about the r e l e a s e of h i s tamine from the m a s t 
cell .(4,5) 

P r i o r to t r ea tmen t the m a s t cel ls of the m e s e n t e r y a r e round or 
spindle-shaped and densely packed with dark g ranu les . Shortly after i n t ro ­
ducing any of the above tes t solutions the re occurs a m a r k e d change in the 
re f rac t i le p rope r t i e s of the g ranu les : they suddenly lose their dark a p p e a r ­
ance and become a lmos t invis ible . F i r s t one granule and then another r e ­
ac ts until al l have become involved^and the cell is ba re ly d i sce rn ib le . 
Cor re la t ed with these events the re is a gradual swelling of the cell to about 
l y t imes i ts or iginal d i ame te r . 

After toluidine-blue t r ea tmen t the nucleus of the m a s t cell takes on 
a blue color when about 50-80% of the granules have lost the i r dark a p p e a r ­
ance . When mos t or all of the granules a r e s ca rce ly vis ib le , ine tachromat ic 
staining of the faded granules begins . At f i r s t a few granules stain purple , 
then m o r e and m o r e , until apparent ly al l a r e so stained. As the staining of 
the granules p roceeds , the m a s t cell shr inks toward i ts no rma l s i ze . At 
this s tage , those living cel ls stained with toluidine blue r e s e m b l e c losely 
m a s t cells in m e s e n t e r i e s fixed in alcohol and then s tained with toluidine 
blue. The detai ls of the late events following the other tes t subs tances will 
be descr ibed at a l a t e r t ime . 

We consider the p re sen t findings to be indicative of significant 
chemica l changes in the m a s t cel l . We in t e rp re t the changes in re f rac t i l e 
p rope r t i e s of the granules to be a manifestat ion of the freeing of some 
m a t e r i a l from binding e i ther within or on the surface of the granule where 
it is osmot ica l ly inact ive . Once f ree , the m a t e r i a l is osmot ica l ly ac t ive; 

*A polymer of N-methylhomoanisy lamine and formaldehyde supplied 
through the cour tesy of Dr . Edwin J. de Bee r of the Wellcome R e s e a r c h 
L a b o r a t o r i e s . 



water en te rs the cell and swelling r e s u l t s . We consider it likely that the 
nnaterial l ibera ted is h is tamine which is freed from its known binding 
with hepar in . (6) The cytological changes that we have noted he re a r e com­
mon to a var ie ty of t r ea tmen t s that cause r e l ea se of h is tamine from the 
m a s t cell , and the t ime course of the changes is the same as that for h i s t a ­
mine r e l e a s e resul t ing from such t r e a t m e n t s . (4,5) We suggest that h i s t a ­
mine is freed from its binding with hepar in because the his tamine l i be ra to r s 
have a s t ronger affinity for hepar in than does h i s tamine . The sequence of 
changes in the exper iments with toluidine blue is consis tent with such an 
in terpre ta t ion; toluidine blue does not stain the granules until binding s i tes 
a r e made available on molecules of hepar in . When the molecules of toluidine 
blue bind hepar in they become osmotical ly inactive and the cell loses water 
and becomes sma l l e r in s ize . The movement of h i s tamine out of the cell at 
this t ime also contr ibutes to the loss of water and shrinking of the cel l . 
According to the p re sen t in te rpre ta t ion hepar in is not lost from the m a s t 
cell t r ea ted with h i s tamine l i b e r a t o r s . 
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THE E F F E C T OF R E P E A T E D P A R A C E N T E S I S ON THE GROWTH 
O F E H R L I C H ASCITES TUMORS 

R o b e r t L . S t r a u b e 

The t o t a l n u m b e r of a s c i t e s t u m o r c e l l s t ha t a c c u m u l a t e in the p e r i ­
t o n e a l cav i ty of the m o u s e is dependen t upon the c h a r a c t e r i s t i c s of the t u m o r 
s p e c i e s i n o c u l a t e d . It h a s been d e m o n s t r a t e d v V tha t the h y p e r t e t r a p l o i d 
E h r l i c h , with double the ce l l v o l u m e of i t s d ip lo id c o u n t e r p a r t , r e a c h e s an 
a s y m p t o t e a t one -ha l f the to t a l ce l l n u m b e r of the l a t t e r . It i s a s s u m e d tha t 
m a x i m a l t u m o r g rowth i s l i m i t e d by the to ta l p r o t o p l a s m i c t u m o r m a s s tha t 
the h o s t can s u p p o r t . E x c e p t i o n s m a y o c c u r in a s c i t i c t u m o r s with e a r l y , 
w i d e s p r e a d m e t a s t a s e s b e c a u s e of i n f i l t r a t i on in v i t a l o r g a n s . T h i s f a c t o r , 
h o w e v e r , is not c r i t i c a l in the d e v e l o p m e n t of the s l o w e r m e t a s t a s i z i n g , 
c o m m o n a s c i t i c c a r c i n o m a s . S ince the g rowth a s y m p t o t e of the E h r l i c h 
d ip lo id i s about 1 x lO'' t u m o r c e l l s , we w i s h e d to d e t e r m i n e w h e t h e r th i s 
va lue could be e x c e e d e d by p e r i o d i c a l l y dep le t i ng the h o s t of the c e l l s and 
fluid tha t a c c u m u l a t e du r ing the g rowth of the a s c i t e s t u m o r . 

M i c e w e r e in j ec ted i n t r a p e r i t o n e a l l y with 20 x 10 a s c i t e s t u m o r 
c e l l s and s u b s e q u e n t l y t apped to r e m o v e c e l l s and fluid on the 3 rd , 6th and 
9th days a f t e r i nocu l a t i on . An in i t i a l s a m p l e , fol lowed by in jec t ion of E v a n s 
Blue(^^ p r i o r to r e m o v a l of c e l l s and fluid p e r m i t t e d r e p e a t e d d e t e r m i n a ­
t ions of to ta l ce l l n u m b e r and fluid v o l u m e in the p e r i t o n e a l cav i ty of the 
s a m e h o s t . 

A s can be s e e n f r o m F i g u r e 36, the to t a l n u m b e r of t u m o r ce l l s a c c u m u ­
l a t e d does no t e x c e e d tha t n o r m a l l y found in E h r l i c h a s c i t e s t u m o r g r o w t h . 

Figure 36 

The effect of repeated paracentesis on the growth of Ehrlich 
ascites tumor (diploid) in CF No. 1 female mice. Abscissa: 
days after intraperitoneal inoculation with 20 x lO^Ehrlich 
ascites tumor cells. Ordinate: A, total number of free 

s tumor cells present in the peritoneal cavity (left) and B, 

4 J total ascitic fluid volume (right). Dotted lines indicate 
5 = the number of cells and volume of fluid removed. 
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However, the r a t e of i nc rease from the 6th to the 9th day para l l e l s that of 
the 1st to 3rd day whereas in the normal growth curve the ra te is approach­
ing an asymptote at this per iod. Similar r esu l t s were obtained in six of 
seven animals studied. Since, therefore , the Ehrl ich asc i t e s tumor can be 
mainta ined in the log phase of growth by repeated removal of cells and fluid 
the ra te of tumor cell synthesis does not appear to be a d i rec t function of 
host exhaustion or of the total pro toplasmic m a s s of tumor formed. 
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STUDIES ON EFFECTS OF DEUTERIUM OXIDE 

VII. Effect of Deuter ium on Pregnancy 
a.nd on Viability of Newborn Mice 

Dorice M. Czajka and Asher J. Finkel 

Prev ious work has shown that deuter ium is effective in re ta rd ing 
the growth of a rapidly growing asc i t e s tumor in m i c e . ( l ) In view of this 
finding we decided to invest igate the effect of deuter ium on the pregnant 
female mouse and on the viabili ty of the newborn. In a pilot study a l i t t e r 
of 2 ma les and 5 females was given 25 atom % deuter ium in the drinking 
water beginning at 7 weeks of age. After 3 months the 5 females had had 
2 pregnancies each, but al l of the young were des t royed within a few hour s . 
It was imposs ib le to a sce r t a in whether the young were viable at bir th and 
des t royed l a t e r , or whether they were born dead. These observat ions sug­
gested the value of a sys temat ic exper iment in which deuterat ion of female 
mice was insti tuted at var ious t imes before and during pregnancy. 

Six groups of female mice were given 25% deuter ium oxide in the 
drinking water according to the following schedule: A, control , no deu­
t e r ium ; B, 7 days p r i o r to naating; C, the day mating was begun; D, 1 week 
after mat ing was begun; E, 2 weeks after mat ing was begun; F , 3 weeks 
after mating was begun. The groups were each composed of 10 3-month-old 
CF No, 1 females . The ma le s were allowed to r emain in the breeding cages 
for one week. The male used in Group B was placed on deuter ium for one 
week before he was t r a n s f e r r e d into the breeding cage . After 2-j weeks the 
pregnant females were isolated in confinement cages . Three weeks after 
mat ing was begun the nonpregnant females were regrouped and r eb red . 
Those from Group C, having been on deuter ium for th ree weeks , were 
t r a n s f e r r e d to Group G, and kept on D2O. Those from Group D, having been 
deutera ted for two weeks , were t r a n s f e r r e d to Group H. The nonpregnant 
m i c e from Group E were added to Group B because they had been on deu­
t e r ium for one week. The nonpregnant an imals from Group F were added 
to Group C, which was s t a r t ed on deuter ium on the same day that the male 
was int roduced. 

Because of the low incidence of pregnancies in the f i r s t s e r i e s , a 
second s e r i e s was s t a r t ed with f resh an imals according to the same plan. 
After th ree weeks the nonpregnant mice in this s e r i e s were a lso regrouped 
according to the above a r r a n g e m e n t s with two exceptions: in Groups G and 
H the ma le s used in the second s e r i e s were deute ra ted for the same length 
of t ime as the females , and the nonpregnant an imals in Group F were kept 
in the same group without deuterat ion because only 2 of the 10 were 
pregnant . 
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Afte r two b r e e d i n g p e r i o d s , a d m i n i s t r a t i o n of d e u t e r i u m w a s t e r ­
m i n a t e d in the f e m a l e s f r o m G r o u p s , C, D, E , and F a f t e r 49 days and they 
w e r e r e b r e d . In th i s way a d m i n i s t r a t i o n of d e u t e r i u m was t e r m i n a t e d in 
G r o u p C f e m a l e s on the f i r s t day of m a t i n g ; in G r o u p D 7 days l a t e r ; in 
G r o u p E 14 days l a t e r , and in G r o u p F 21 days l a t e r . The second s e r i e s 
of m i c e w e r e r e m o v e d f r o m d e u t e r i u m d r i n k i n g w a t e r a f te r 42 days and 
a r e be ing r e b r e d a t the p r e s e n t t i m e . 

T a b l e 30 g ives the i n c i d e n c e of p r e g n a n c i e s a s a r e s u l t of th i s 
b r e e d i n g p r o g r a n n . C o l u m n s 4 and 5 r e f e r only to t h o s e a n i m a l s tha t w e r e 
def in i te ly b e l i e v e d to be p r e g n a n t . T h e s e m i c e showed a r a p i d we igh t gain 
du r ing the w e e k p r i o r to e x p e c t e d d e l i v e r y and had p a l p a b l e f e t u s e s du r ing 
th i s p e r i o d . S e v e r a l q u e s t i o n a b l e p r e g n a n c i e s w e r e no t i nc luded . The 
a n i m a l s t ha t w e r e p r e s u m e d to h a v e d e l i v e r e d b e c a u s e of weigh t l o s s 
showed an o v e r n i g h t d r o p of f r o m 6 to 12 g r a m s . S ince a l l of the a n i m a l s 
of one l i t t e r of G r o u p C w e r e s e e n to be a l i v e on the day of d e l i v e r y , i t i s 
p r e s u m e d tha t a t l e a s t s o m e of the a n i m a l s f r o m each of the g r o u p s d e u ­
t e r a t e d for s h o r t e r l eng ths of t i m e w e r e a l i v e . 

TABLE 30 

Incidence of pregnancies among deuterated female mice 

Group 

A 
B 
C 
D 
E 
F 
G 

H 

Number of days 
on D^O 

before del ivery 

. 
25-28 
18-21 
11-14 

4 - 7 
0 - 3 

42-45 

35-38 

Number 
of 

mice 

24 
24* 
27* 
20** 
20** 
33** 

7** 
3* 
8** 
2* 

Pregnancies 

Number 

16 
3 

10 
8 

11 
12 

2 
0 
3 
0 

P e r cent 

66.7 
12.5 
37.0 
40.0 
55.0 
36.4 
28.6 

0.0 
37.5 

0.0 

Method of 

Sudden 
weight 
loss 

1 
2 
7 
8 
9 
1 
2 
0 
2 
0 

noting delivery 

Observations 
One or 
m o r e 
viable 

14 
0 
1 
0 
2 

10 
0 
0 
0 
0 

All 
dead 

1 
1 
2 
0 
0 
1 
0 
0 
1 
0 

Pregnancies 
with 

nonviable 
l i t ter s,% 

12.5 
100 

90 
100 

81.8 
16.7 

100 
-

100 

-

•Males deuterated. 

**Males not deutera ted. 

In g e n e r a l , the i n c i d e n c e of p r e g n a n c i e s i n c r e a s e s with d e c r e a s i n g 
length of t i m e on d e u t e r a t e d d r i n k i n g w a t e r . A n o t e w o r t h y excep t ion is 
G r o u p F , which m i g h t be e x p e c t e d to a p p r o x i m a t e the c o n t r o l g r o u p . It is 
p o s s i b l e t ha t t h e i n s t i t u t i o n of d e u t e r a t i o n a l t e r e d t h e t h i r s t p a t t e r n of t h e 
m i c e so tha t t hey d e s t r o y e d the n e w b o r n in an effor t to sa t i s fy th i s n e e d . 
O b s e r v a t i o n s on the effect of d e u t e r a t i o n on f e r t i l i t y a r e c o m p l i c a t e d by 
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the relat ively smal l numbers of animals in each group in the studies and 
the variabi l i ty between repl icated s e r i e s . F u r t h e r m o r e , there is the pos ­
sibility that the regimen led to the resorpt ion of fetuses before weight gain 
was sufficient to make the pregnancies apparent . 

Table 31 shows the number of living animals per l i t ter at 1, 2, and 
3 weeks post pa r tum. It can be seen that mos t of the deuterated animals 
died within 1 week of b i r th . One animal of each deuterated l i t ter plus a 
control animal were sacrif iced on the 14th day of life for histological ex­
amination. The resu l t s in Table 31 a r e consistent with those recent ly 
published by Haggqvist '^) who repor ted on the effects of deuterat ion on the 
pregnancies of 5 nnice. One of these was put on 25% D2O 6 days before de ­
l ivery of 10 no rma l - s i zed young that were eaten by the mother after severa l 
days, and a second female, having been on 25% D2O for 8 days, del ivered 
6 newborn that were apparently dead at bir th . 

TABLE 31 

Viability of newborn mice from deuterated mothers 

Group 

A 
B 
C 
D 
E 
F 
G 
H 

Number of days 
on D2O 

before delivery 

0 
25-28 
18-21 
11-14 
4-7 
0-3 

42-45 
35-38 

No. of 
pregnant 
mice with 
observed 
newborn 

15 
1 
3 
0 
2 

11 
0 
1 

Total 
number 
newborn 

111 
1 
9 
0 

19 
69 

0 
4 

Mean 
number 

per 
l i t ter 

7.4 

3.0 

9.5 
6.3 

4.0 

Living offspring 

At 6-8 
days 

No. % 

95 85.6 
0 0.0 
0 0.0 

6 31.6 
37 53.6 

0 0.0 

At 13-14 
days 

No. % 

80 72.1 
0 0.0 
0 0.0 

4 21.1 
29 42.0 

0 0.0 

At 20-21 
days 

No. % 

79* 71.2 
0 0.0 
0 0.0 

3* 16.7 
28* 40.6 

0 0.0 

*One 14-day-old mouse sacrif iced and not included in this column. 

The resu l t s shown in Tables 30 and 31 indicate that deuterat ion of 
mice with 25% D2O in the drinking water leads to dec rease in the number 
of detectable pregnancies and an inc rease in the percentage of nonviable 
l i t t e r s . Whether this inc rease in nonviability is a t t r ibutable to toxic 
effects on embryological development or to behavior changes in the p a r ­
tur ient female is not distinguishable from our observat ions . The viable 
newborn in these exper iments a r e being kept on 25% D2O in the drinking 
water and their growth curves a r e being followed. 
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A STUDY OF THE RADIOACTIVITY FOUND IN GRASS GROWN ON 
THORIUM-BEARING (MONAZITE) SAND 

Phil ip F . Gustafson and Austin M. Brues 

Through the generosi ty of Fa the r F . X. Roser of the Catholic Univer­
sity of Rio de Jane i ro , some g r a s s was made avai lable , collected from a 
region in Braz i l known to be r ich in monazi te sand. A sample of the ashed 
g r a s s was analyzed by y - r ay spec t roscopy s tar t ing some four months after 
ha rves t . Spectra were taken, using a 5" x 4" Nal c rys t a l and a 256-channel 
analyzer , of a t ho ro t r a s t solution of known age and therefore of known s ta te 
of radioact ive equil ibrium; a thor ium ore sample from the New Brunswick 
Labora to ry of the Atomic Energy Commiss ion, a s sumed to be in radioact ive 
equil ibrium; and the ashed g r a s s . Use of the 5" x 4" c rys ta l produces a 
re la t ively l a rge photofraction (i .e. , ra t io of the intensi ty i n the photopeak 
to the total intensity) for the 2.62 Mev gamma from ThC". 

Compar ison of the intensi ty of this line with that of the 0.96 Mev 
line from Ac (MsTh2) s e rves to es tabl ish the degree of radioact ive equi­
l ibr ium reached by the activi ty in the specimen. The intensi ty at 0.96 Mev 
was co r r ec t ed for the component due to ThC" in this region. 

Table 32 indicates the values of this ra t io for tho ro t ra s t , NBL ore 
sample , and g r a s s on three different da tes . The NBL sample and tho ro ­
t r a s t ra t ios were essent ia l ly constant over the per iod of th ree months d u r ­
ing which the m e a s u r e m e n t s were m a d e , and thus s e r v e to s tandardize the 
p rocedu re . 

TABLE 32 

The use of the ra t io of ThC" intensi ty to Ac intensi ty 
as a m e a s u r e of radioact ive equilibriunn of 

the Thoriunn s e r i e s 

Sample 

NBL ore sample 
Thoro t ras t solution 
G r a s s 

Date (1958) 

March 13 

1.000 
0.929 
0.395 

May 12 

1.000 
0.917 
0.457 

June 19 

1.000 
0.922 
0.492 

The ra te of equil ibrat ion of the g r a s s act ivi ty is consis tent with the 
supposition that the radioact ivi ty original ly taken up by the g r a s s was 
Ra (MsThi). F u r t h e r m o r e , the data fit the calculated equil ibration curve 



quite closely if the assumption is made that incorporat ion of radium took 
place some 8 months before the m a t e r i a l was f i rs t counted. This r e s t r i c ­
tion is in keeping with knowledge concerning the actual growth of the g ra s s 
itself. 

These resu l t s indicate that radium is preferent ia l ly taken up by the 
g ra s s during growth. This is probably equally t rue of Ra '̂̂  (ThX) as well 
as Ra^^ ; however, due to the short half-life of Ra and its daughter prod­
uc t s , any evidence of thei r p resence init ially and not as a resu l t of growth 
from Ra^^^ is lost . 
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THE MEASUREMENT OF PROTEIN TURNOVER IN RAT LIVER 

V. The Effect of Endocrine Status 

Rober t W. Swick and Rita A. Mart in 

There have been numerous a t tempts to r e l a t e different s ta tes of 
hormonal balance to the turnover of var ious prote ins by determining the 
uptake of a single t r a c e r dose. The c o r r e c t in te rpre ta t ion of data in this 
manner may possibly be obscured by any of the following fac tors . The 
shape of the turnover curve may be a l t e red by the change in conditions, 
the metabolisrn of different proteins in the same t i ssue may be affected 
differently, and the dis tr ibut ion of the t r a c e r between various t i s sues may 
be a l t e red by the hormonal imbalance . The data to be presen ted may suf­
fer fronn the second of these faults . Since the exposure period used was 
only two days, the data a r e la rge ly der ived from those prote ins which a r e 
being metabol ized mos t act ively. However, since normal ly about 40% of 
the l iver protein is replaced during this period, the data r e p r e s e n t the in­
corpora t ion of isotope into an appreciable fraction of the l iver p ro te ins . 

Adult female r a t s were continuously exposed as desc r ibed p r e v i ­
ously. (1) The hormonal s ta tus was a l t e red from 1-6 weeks p r io r to the 
adminis t ra t ion of isotope, depending on the sensi t ivi ty of the animal to the 
abe r ra t ion . The r e su l t s of these exper iments a r e shown in Table 33. That 
a l te ra t ion of the thyroid balance changed the renewal r a t e s was to be ex­
pected. Excess thyroid caused the turnover ra te to i nc r ea se by 15% while 
removal of the gland depres sed the ra te by 27%. The apparent accelera t fon 
of the turnover ra te in adrena lec tomized animals was not foreseen . Here 
the ra te was 120% of the no rma l r a t e . In hypophysectomized r a t s , the 
average renewal r a t e of l iver protein dec reased to about 57% of the nornia l 
value. Ulrich et al ,(^) r epor ted that hypophysectomy dec rea sed the tu rnover 
ra te of p lasma albumin to 53% of the no rma l value; while these worke r s 
observed a r e s to ra t ion of the turnover r a t e by admin is t ra t ion of growth 
hormone to hypophysectomized r a t s , no such effect was observed in the 
p re sen t expe r imen t s . 

The s imi l a r i ty of the effects of hypophysectomy on the r ep lacement 
r a t e s of l iver prote ins and p lasma albumin suggests a re la t ionship between 
the two. P r e l i m i n a r y examination of the renewal r a t e s of p lasma albumin 
obtained from our animals indicates an a lmos t identical r a t e for total l iver 
prote ins and for albumin under conditions of no rma l and high protein intake. 
Under conditions of protein deprivat ion, the renewal ra te of albumin is 
lowered while that of the total l iver prote ins is a cce l e r a t ed . 
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TABLE 33 

Effect of hormonal s ta tus on 

Trea tment 

Normal 
Thyroidectomy 
Desiccated thyroid (1-^ - l-^o) 
Hypophysectomy 
Beef growth hormone , 5 m g / d a y 

in t r amuscu la r ly 
Hypophysectomy plus growth hormone 
Adrenalec tomy 
Ovar iec tomy 

protein turnover 

Renewal r a t e , fraction 
rep laced per day* 

0.26, 0.27, 0.25, 
0,16, 0.18, 0.22, 
0.28, 0.32, 0.30, 
0.14, 0.15, 0.15, 

0.27, 0.24, 0.23, 
0.15, 0.19 
0.24, 0.32, 0.38, 
0.22, 0.22, 0.24, 

0.27 
0.21, 0.20 
0.30 
0.16 

0.24 

0.32 
0.26 

•Each value r e p r e s e n t s data obtained from one an imal . 

References 

1. Swick, R. W. Measurement of prote in turnover in r a t l iver . J. Biol. 
Chem. 231: 751-764 (1958). 

2. Ulr ich, F . , H. T a r v e r , and C. H. Li . Effect of growth and ad rena l co r t i -
cotropic hormones on the metabo l i sm of albumin in hypophysectomized 
r a t s , J. Biol. Chem. 209: 117-125 (1954). 



F U R T H E R STUDIES U P O N AN ADENOSINETRIPHOSPHATASE 
INHIBITOR D E R I V E D F R O M E P I N E P H R I N E 

M a r i o A. I n c h i o s a , J r . 

D e m o n s t r a t i o n of the f o r m a t i o n of an a d e n o s i n e t r i p h o s p h a t a s e 
( A T P a s e ) inh ib i to r du r ing the ox ida t ion of e p i n e p h r i n e h a s b e e n d e s c r i b e d 
in e a r l i e r r e p o r t s . ( ^ ' ^ ) T h i s w o r k h a s b e e n con t inued , and a t t e m p t s have 
b e e n m a d e to i s o l a t e the i n h i b i t o r y s u b s t a n c e and to gain i n f o r m a t i o n as 
to i t s iden t i ty . 

As in the e a r l i e r work , ( l>2) the A T P a s e ac t i v i t y of a c o n t r a c t i l e 
p r o t e i n e x t r a c t f r o m bovine u t e r i n e m u s c l e w a s u s e d for t e s t s of i n h i b i t o r y 
ac t iv i ty . It h a s b e e n found tha t u t e r i n e e x t r a c t s of t h i s type c a t a l y z e the 
ox ida t ion of e p i n e p h r i n e at about 8 to 9 t i m e s the r a t e of au tox ida t ion . 
D u r i n g th i s ox ida t ion the r e a c t i o n m i x t u r e s t u r n a pink co lo r wh ich w a s 
a s s u m e d to be due to f o r m a t i o n of a d r e n o c h r o m e . To a n s w e r the q u e s t i o n 
of the ac tua l f o r m a t i o n of a d r e n o c h r o m e d u r i n g the ox ida t ion of e p i n e p h r i n e 
in the p r e s e n c e of the u t e r i n e p r e p a r a t i o n , the r e a c t i o n w a s fol lowed wi th 
an a u t o m a t i c a l l y r e c o r d i n g s p e c t r o p h o t o m e t e r . Af ter a p p r o x i m a t e l y 20 m i n 
incuba t ion of e p i n e p h r i n e wi th the u t e r i n e p r e p a r a t i o n an a n a l y s i s of the 
so lu t ion d e m o n s t r a t e d the c h a r a c t e r i s t i c a b s o r p t i o n s p e c t r u m for a d r e n o ­
c h r o m e . The a d r e n o c h r o m e w a s not s t ab l e u n d e r t h e s e c o n d i t i o n s , h o w e v e r , 
and the a b s o r p t i o n s p e c t r i i m soon changed . 

A t t en t i on w a s next t u r n e d to the n a t u r e of the i n h i b i t o r y s u b s t a n c e . 
A d r e n o c h r o m e w a s p r e p a r e d in c r y s t a l l i n e f o r m f r o m ep ineph r ine , (3 ) and 
c r y s t a l l i n e a d r e n o l u t i n e , an i s o m e r i c r e a r r a n g e m e n t p r o d u c t of a d r e n o ­
c h r o m e , w a s p r e p a r e d f r o m a d r e n o c h r o m e . ( 4 ) The s t r u c t u r e s of t h e s e 
s u b s t a n c e s a r e p r e s e n t e d be low. 

HO 

HO 

CH3 CH3 

H 0 ^ . / \ xOH 
OH NaOH 

EPINEPHRINE ADRENOCHROME ADRENOLUTINE 

The e p i n e p h r i n e d e r i v a t i v e s w e r e ident i f ied c o n c l u s i v e l y by t h e i r c h a r a c ­
t e r i s t i c a b s o r p t i o n s p e c t r a . The s p e c t r a for the m a t e r i a l s we p r e p a r e d 
a r e p r e s e n t e d in F i g u r e 37. Lund(5) has d e s c r i b e d the a b s o r p t i o n s p e c t r a 
for t h e s e s u b s t a n c e s . N e i t h e r a d r e n o c h r o m e n o r a d r e n o l u t i n e w a s found 
to inhibi t A T P a s e ac t i v i t y , but the inh ib i to r could be f o r m e d by incuba t ing 
d i lu te so lu t ions of a d r e n o c h r o m e (4.8 jUg/ml to 24 jUg/ml) a n a e r o b i c a l l y 
o v e r n i g h t at s l i gh t ly a l k a l i n e pH and 38°C. A n a e r o b i c cond i t i ons w e r e 
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ob ta ined e i t h e r by g a s s i n g a d r e n o c h r o m e so lu t i ons wi th pu r i f i ed c o m m e r ­
c i a l gas m i x t u r e s of N2 and CO2 or by evacua t i on of s o l u t i o n s . The extent 
of a n a e r o b i o s i s h a s not b e e n d e t e r m i n e d . T h e s e r e s u l t s , wh ich a r e con ­
s i d e r e d of a p r e l i m i n a r y n a t u r e , a r e p r e s e n t e d in F i g u r e 38. 
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Figure 38 Effect of epinephrine 
derivatives upon ATPase 
activity of uterine muscle 
preparation. 

Figure 37 Absorption spectra for adrenochrome and adrenolutine. 
Approximate concentration, 24/xg/ml;l-cm light path. 

A t h i r d e p i n e p h r i n e d e r i v a t i v e h a s b e e n p r e p a r e d by r e d u c t i o n of 
a c o n c e n t r a t e d so lu t ion of a d r e n o c h r o m e to f o r m a z w i t t e r i o n i c p r o d u c t 
d e s c r i b e d by H a r l e y - M a s o n . ( 3 ) H a r l e y - M a s o n h a s p o s t u l a t e d the fol lowing 
s t r u c t u r e for t h i s s u b s t a n c e . 

Ho^y\ 
< 

H 
OH 

The z w i t t e r i o n i s c u r r e n t l y be ing s tud ied for an 
effect upon A T P a s e ac t i v i t y . 

-o'XA^/' 
CH-

In an a t t e m p t to i s o l a t e the i n h i b i t o r y 
s u b s t a n c e , i ncuba t ed a d r e n o c h r o m e so lu t ions 
have b e e n s u c c e s s f u l l y c h r o m a t o g r a p h e d on 
p a p e r u s i n g b u t a n o l - a c e t i c a c i d - w a t e r (4:1:5) 
a s a so lven t . When the deve loped c h r o m a t o -

^ g r a m s a r e v i ewed u n d e r u l t r a v i o l e t l igh t , one 
c l e a r l y def ined f l u o r e s c e n t spot i s d e t e c t a b l e . On s o m e c h r o m a t o g r a m s , 
a s e c o n d spot of s l igh t ly h i g h e r Rf t han the m a i n f l u o r e s c e n t a r e a w a s 
b a r e l y d e t e c t a b l e wi th u l t r a v i o l e t l igh t . An e lua t e f r o m the f l u o r e s c e n t 
a r e a h a s b e e n found to inh ib i t A T P a s e a c t i v i t y . The r e s u l t s for e l u a t e s 
f r o m one c o m p l e t e c h r o m a t o g r a m a r e p r e s e n t e d in F i g u r e 39. The 
iden t i ty of the i n h i b i t o r y s u b s t a n c e is s t i l l unknown. 
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Figure 39 Demonstration of an ATPase inhibitor isolated 
by paper chromatography. ATPase activity 
was assayed by measurements of the MM of 
phosphorus released enzymatically from ATP 
during a 40-min period. 
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PROGRESS REPORT: THE PREPARATION OF 
TRITIUM-LABELED FATTY ACIDS 

I. c i s - 7 , 8-Tetradecenoic Acid 

William M. O 'Leary 

Studies in lipide metabo l i sm a r e often hampered by the lack of 
isotopical ly labeled fatty acids and re la ted compounds. In many cases such 
m a t e r i a l can be obtained, if at all , only by laborious and t ime-consuming 
radiochemical synthes is . Since randomly labeled compounds a r e quite 
sa t is factory for many purposes , it*was thought that the re la t ively simple 
Wilzbach t r i t ium labeling technique as modified by Kis ie leski and Smetana(l) 
might find application he re , c i s - 7 , 8-Tet radecenoic acid was selected for 
the initial a t tempt at labeling an unsa tura ted fatty acid by this method p r i ­
m a r i l y because of i ts usefulness in the au thor ' s p resen t p r o g r a m of r e s e a r c h 

Tet radecenoic acid was synthesized by the appropr ia te modification 
of the method descr ibed by Ahmad et al.\^) 500 mg of the acid were con­
verted into the sodium salt by the addition of an equivalent amount of sodium 
hydroxide. 468 mg of the dr ied powdered salt were exposed to 9 cur ies of 
t r i t i um gas at room t e m p e r a t u r e for 2 days.'-^) The free fatty acid was then 
r ecove red by acidification and e ther extract ion of an aqueous solution of the 
t r i t i a ted sodium salt . 

The acid obtained from evaporat ion of the e therea l extract was sub­
jected to fract ional r ec rys ta l l i za t ion from th ree success ive solvents: pe t ro ­
leum ether (30-60°C), acetone, and ethanol. The ina te r i a l f rom the las t 
r ec rys ta l l i za t ion was then fur ther purified by the column chromatographic 
technique of Boldingh.(-^) A port ion of the chromatographica l ly purified 
acid was chromatographed a second t ime by the same technique. At each 
step in the purif ication p rocedure specific act ivi t ies of the acid were de te r ­
mined using a T r i - C a r b scint i l la t ion counter . These act ivi tes appear in 
Table 34. A total of 217 mg of purified m a t e r i a l w^as recovered . 

C h a r a c t e r i s t i c s of the r ecove red acid compared favorably with those 
es tabl ished for c i s - 7 , 8- te t radecenoic acid (Table 35). Of special signifi­
cance is the biotin activi ty (i.e.^the ability to rep lace biotin, expressed as 
the number of m/ig of biotin equivalent to 1.0 mg of acid, as de te rmined by 
microbiological a s say using Lactobaci l lus arabinosus) since this value is 
quite sensi t ive to both i s o m e r i c differences and the p r e sence of sa tura ted 
fatty ac ids . 

The above data indicate that t r i t i um labeling can be successfully 
applied, at l eas t to this unsa tu ra ted fatty acid, and suggest that the technique 
may be applicable to a var ie ty of s imi l a r compounds. If so, this method 
would be a useful tool for the study of lipide metabol i sm. 
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TABLE 34 

Specific act ivi t ies of t r i t i um- labe led fatty 
acid after success ive purification steps 

Mater ia l 

Sodium salt after i r rad ia t ion 
Acid f rom ether ex t rac t 
Acid f rom pe t ro leum ether r ec rys t a l l i za t ion 
Acid from acetone r ec rys t a l l i za t ion 
Acid from ethanol r ec rys ta l l i za t ion 
Acid from chromatography 
Acid f rom chromatography (second) 

Activity, 
m c / g 

390 
137 

88 
58 
43 
42 
42 

TABLE 35 

Compar i son of the c h a r a c t e r i s t i c s of the t r i t i a ted compound 
with those of c i s - 7 , 8- te t radecenoic acid 

Acid 

c i s - 7 , 8-Tet radecenoic 
Tr i t ia ted compound 

Melting 
range , 

°C 

4.0-5.0 
3.0-4.0 

Neutra l 
equivalent 

226.4 
224.2 

Iodine 
number 

111.8 
110.9 

Biotin 
activity 

5.1 
5.0 

The author is indebted to W. Kis ie lesk i and F . Smetana who per fo rmed 
the t r i t i um i r rad ia t ion and who offered valuable advice regard ing the puri f i ­
cation p rocedure . 
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UNSATURATED F A T T Y ACIDS AND C H O L E S T E R O L M E T A B O L I S M 

V. D i e t a r y c h o l e s t e r o l and the f o r m a t i o n of 
a r a c h i d o n i c a c i d in r a t l i v e r 

P e t e r D. Kle in 

In the p r e v i o u s r e p o r t ( l ) i t w a s e s t a b l i s h e d tha t f eed ing r a t s a d ie t 
c o n t a i n i n g 0.5% c h o l e s t e r o l r e s u l t e d in a d e c r e a s e in t h e l i v e r c h o l e s t e r o l 
e s t e r con ten t of the p o l y u n s a t u r a t e d fa t ty a c i d s (PUFA) and a m a r k e d change 
in the c o m p o s i t i o n of t h e p l a s m a c h o l e s t e r o l e s t e r s . In the l a t t e r , t h e r e 
w a s a p ro found d e c r e a s e in the con t en t of t e t r a e n o i c ac id , p r e s u m e d to b e 
a r a c h i d o n i c ac id . T h i s r e p o r t d e a l s wi th f u r t h e r c o n s i d e r a t i o n s of t h e s e 
c h a n g e s and wi th s t u d i e s of f o r m a t i o n of a r a c h i d o n i c a c i d f r o m l i n o l e i c 
ac id . 

M a t e r i a l s and M e t h o d s 

A n i m a l s . M a l e H o l t z m a n n r a t s we igh ing 350 -400 g w e r e fed e i t h e r 
a s t o c k d i e t o r a 5% c o r n oil d ie t (2) c o n t a i n i n g 2% c h o l e s t e r o l . The l a t t e r 
h a s b e e n r e p o r t e d by M o r r i s et a l .W/ to p r o d u c e an inh ib i t ion of h e p a t i c 
c h o l e s t e r o l s y n t h e s i s wi th in 2 to 4 w e e k s . 

P r o c e d u r e s . Mos t of t h e d e t e r m i n a t i o n s w e r e m a d e u s i n g m e t h o d s 
a l r e a d y d e s c r i b e d in e a r l i e r r e p o r t s . ( 4 ) T r a c e r s t u d i e s w e r e c a r r i e d out 
on p a i r s of c o n t r o l , 2 - w e e k c h o l e s t e r o l - f e d , and 4 - w e e k c h o l e s t e r o l - f e d 
a n i m a l s by the in j ec t ion of 250/ ic of C^* c a r b o x y l - l a b e l e d s o d i u m a c e t a t e 
i n t r a p e r i t o n e a l l y . F o u r h o u r s l a t e r t he a n i m a l s w e r e s a c r i f i c e d by h e a r t 
p u n c t u r e and e x s a n g u i n a t i o n . The l i v e r s w e r e r e m o v e d and the l i p i d e s 
e x t r a c t e d . An a l iquo t of e a c h l i p ide e x t r a c t w a s sapon i f i ed , t h e n o n s a p o n -
i f iab le f r a c t i o n w a s e x t r a c t e d wi th e t h e r , and the f r e e fa t ty a c i d s w e r e 
e x t r a c t e d f r o m the ac id i f i ed a q u e o u s l a y e r . The e t h e r e x t r a c t of fa t ty 
a c i d s w a s d r i e d , e v a p o r a t e d to d r y n e s s and d i s s o l v e d in a b s o l u t e m e t h ­
ano l . T h e s a t u r a t e d fa t ty a c i d s w e r e p r e c i p i t a t e d b y the l e a d - s a l t me thod(5 ) 
and the l a s t t r a c e s of s a t u r a t e d fa t ty a c i d s " w a s h e d out" wi th two 1 0 - m g 
p o r t i o n s of p a l m i t i c a c i d . The so lub l e l e a d s a l t s w e r e d e c o m p o s e d wi th 
a c i d and e x t r a c t e d f r o m the a q u e o u s l a y e r wi th e t h e r and the e t h e r s o l u ­
t ion d r i e d . Af te r the e t h e r so lu t i on w a s e v a p o r a t e d to d r y n e s s , t h e f r e e 
u n s a t u r a t e d fa t ty a c i d s w e r e a g a i n d i s s o l v e d in e t h e r and b r o m i n a t e d a t 
0°.(."/ The " o c t a b r o m i d e ' ' f r a c t i o n w h i c h p r e c i p i t a t e d f r o m the e t h e r e a l 
so lu t ion w a s r e m o v e d by c e n t r i f u g a t i o n and w a s h e d s e v e r a l t i m e s wi th 
co ld e t h e r , a f t e r wh ich it w a s e x t r a c t e d wi th hot b e n z e n e ( ^ ) to r e m o v e 
t r a c e s of l o w e r p o l y b r o m i d e s . The " o c t a b r o m i d e " f r a c t i o n w a s d r i e d , 
we ighed , c o m b u s t e d to CO2, and coun ted in a p r o p o r t i o n a l gas c o u n t e r . ( 8 ) 



R e s u l t s and D i s c u s s i o n 

In the p r e v i o u s r e p o r t in t h i s s e r i e s , we s u g g e s t e d tha t the effect 
of d i e t a r y c h o l e s t e r o l in changing the c o m p o s i t i o n of the l i v e r and p l a s m a 
c h o l e s t e r o l e s t e r s m i g h t be the r e s u l t of inh ib i t ion of the f o r m a t i o n of 
a r a c h i d o n i c ac id . T h i s s t e m m e d f r o m the c o n s i d e r a t i o n tha t the f o r m a t i o n 
of a r a c h i d o n i c ac id frona l i no l e i c invo lved the i n c o r p o r a t i o n of a t w o -
c a r b o n f r a g m e n t and m i g h t be a f fec ted in a f a sh ion s i m i l a r to the i n c o r p o r ­
a t ion of a c e t a t e into c h o l e s t e r o l wh ich i s inh ib i t ed in t h e s e c i r c u m s t a n c e s . 
The da ta p r e s e n t e d be low a p p e a r to s u p p o r t th i s concep t . 

T a b l e 36 h a s b e e n c a l c u l a t e d f r o m da ta g iven in p r e v i o u s r e p o r t s . 
In it a r e shown the c o n c e n t r a t i o n s of c h o l e s t e r o l e s t e r in l i v e r as d i ene , 
t r i e n e , t e t r a e n e and p e n t a e n e u n d e r n o r m a l c o n d i t i o n s , and a f t e r feeding 
0.5% c h o l e s t e r o l in the d ie t . It is ev iden t that at a l l l e v e l s of d e i t a r y fat , 
the addi t ion of c h o l e s t e r o l r e s u l t s in an i n c r e a s e d c o n c e n t r a t i o n of d iene 
and t r i e n e e s t e r in l i v e r ; t h e r e is h o w e v e r , no i n c r e a s e in the t e t r a e n e o r 
p e n t a e n e e s t e r . While the con ten t of a c o m p o n e n t in l i v e r does not d i r e c t l y 
r e f l e c t the t u r n o v e r or r e n e w a l r a t e , it would a p p e a r tha t when c h o l e s t e r o l 
i s fed, the newly l a i d - d o w n e s t e r i s devoid of t e t r a e n o i c ac id . 

T A B L E 36 

C o n c e n t r a t i o n s of p o l y u n s a t u r a t e d fat ty a c i d s a s 
c h o l e s t e r o l e s t e r s in l i v e r s of n o r m a l and 

c h o l e s t e r o l - f e d r a t s 

Va lues a r e in m i l l i g r a m s p e r 100 g l i v e r 

Added d i e t a r y 
c h o l e s t e r o l 

E s t e r : 
Dienoic 
T r i e n o i c 
T e t r a e n o i c 
P e n t a e n o i c 

F F * 

+ 

5.00 10.36 
1.65 2.07 
0.24 0.0 
0.24 0.0 

5H 

+ 

2.65 18.12 
0.64 5.86 
0.49 0.53 
0.0 1.07 

5U 

+ 

14.44 112.13 
1.62 10.19 
1.21 1.70 
0.20 0.0 

30H 

+ 

14.61 29.47 
1.42 8.42 
2.83 2.53 
0.22 0.84 

30U 

+ 

63.05 262.20 
3.30 10.53 
2.33 3.16 
1.55 1.05 

*The fol lowing a b b r e v i a t i o n s a r e u s e d : F F , fat f r e e ; 5H, 5% C r i s c o ; 5U, 5% c o r n oi l ; 
30H, 30% C r i s c o ; 30U, 30% c o r n o i l . 

T a b l e 37 p r e s e n t s the v a l u e s for f r e e and e s t e r c h o l e s t e r o l in the 
l i v e r s of t h e n o r m a l , 2 - w e e k c h o l e s t e r o l - f e d and 4 - w e e k c h o l e s t e r o l - f e d 
a n i m a l s , a s wel l as the to ta l P U F A con ten t of t h e s e o r g a n s . As w a s a n t i c i ­
pa t ed , t h e r e w a s an i n c r e a s e in the a m o u n t of c h o l e s t e r o l e s t e r a s a r e s u l t 
of the c h o l e s t e r o l feed ing . The d ieno ic con ten t of the l i v e r r o s e g r a d u a l l y 
in the f i r s t two w e e k s and had a l m o s t doubled by the end of the four th week . 



In cont ras t , the te t raenoic and pentaenoic acid levels dropped at f i rs t but 
ro se to slightly below normal again. However, there was a steady dec rea se 
in the proport ion of t e t raene to diene in these l i ve r s , and the dec reased 
rat io over this per iod of t ime again supports the concept that the conversion 
of dienoic to te t raenoic acid is being impai red . 

TABLE 3 7 

L iver choles tero l and polyunsaturated fatty acid content 
in r a t s fed normal and 2% choles tero l diets 

Animal number 

Diet 

F r e e choles te ro l , mg % 
E s t e r choles te ro l , mg % 
PUFA, m g / g l iver 
Diene 
Tr iene 
Te t raene 
Pentaene 

Average 

Te t r aene /d i ene 

3 4 

Normal 

206 185 
107 57 

6.28 7.36 
0.70 1.06 
7.09 7.55 
1.56 1.98 

6.82 
0.88 
7.32 
1.77 

1.07 

5 6 

2 Week 2% 
choles tero l 

167 174 
300 139 

7.65 6.77 
1.35 0.90 
5.00 5.42 
1.02 1.09 

7.21 
1.21 
5.21 
1.06 

0.72 

7 8 

4 Week 2% 
choles tero l 

174 217 
446 763 

11.42 15.18 
1.48 1.62 
6.59 6.71 
1.47 1.51 

13.30 
1.55 
6.65 
1.49 

0.50 

Table 38 l i s t s the specific act ivi t ies of the "oc tabromide" fract ions 
isolated f rom these an imals , together with the total incorporat ion ra t e of 
these fract ions ( i .e . , the total counts incorpora ted into te t raenoic plus pen­
taenoic acids per g ram l iver ) . The 2-week an imals showed a higher spe­
cific activity thstn the con t ro l s , but since the size of the pool was dec rea sed 
(Table 37), the total incorporat ion was only slightly higher. On the other 
hand, at the end of four weeks , this fraction showed a marked d e c r e a s e in 
both specific activity and total incorporat ion. 

In the orginal demonst ra t ion of incorpora t ion of aceta te into l ino­
leic acid to form arachidonic acid. Mead and co-workers (^ ) cal led attention 
to the fact that the so-ca l led "octabromide fraction" was in actuali ty not a 
pure fraction, but cons is ted of te t raenoic and pentaenoic polybromides . In 
o rde r to a sce r t a in w^ith p rec i s ion that aceta te was indeed introduced into 
the arachidonate molecule , they fur ther purified this fraction by debromina-
tion, hydrogenation and r e v e r s e - p h a s e chromatography of the a rachid ic 
acid formed. In light of the amount of m a t e r i a l avai lable , as well as the 
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TABLE 38 

Incorporation of C acetate into "octabromide" 
fraction of rat liver 

A n i m a l n u m b e r 

" O c t a b r o m i d e " i s o l a t e d 
f r o m s t a n d a r d a l iquot , m g 

Specif ic ac t iv i ty , 
c p m / m M c a r b o n 

Tota l i n c o r p o r a t i o n 
c p m / g l i v e r , a s 
t e t r a e n e + pen t aene 

3 4 

14.9 13.2 

12,600 15,960 

102,100 

5 6 

9.7 4.4 

22,600 24,380 

115,710 

7 8 

(1 .5)* 

2,570 

16,371 

*Octabromide yield very small; samples pooled for analysis . 

n u m b e r of such d e t e r m i n a t i o n s which it w a s n e c e s s a r y to c a r r y out , p u r i ­
f i ca t ion beyond the p o l y b r o m i d e s t a g e w a s o m i t t e d . It i s p e r t i n e n t , t h e r e ­
f o r e , to c o n s i d e r what e r r o r s if any t h i s migh t i n t r o d u c e into the v a l u e s 
ob ta ined and into t h e i r s u b s e q u e n t i n t e r p r e t a t i o n . The two chief t y p e s of 
c o n t a m i n a n t s a r e the p o l y b r o m i d e s of the l e s s u n s a t u r a t e d and of the m o r e 
u n s a t u r a t e d fa t ty a c i d s . E x t r a c t i o n "with hot b e n z e n e is r e p o r t e d to r e m o v e 
the l o w e r polybromides^v ' ) but the p o s s i b i l i t y of t r a c e s of t h e s e in the f r a c ­
t ion cannot be r u l e d out . That t h e s e would not c o n t r i b u t e s ign i f i can t ly to 
any e r r o r , can , h o w e v e r , be s u r m i s e d f r o m the fac t tha t t hey a r e not 
s y n t h e s i z e d by the a n i m a l o r g a n i s m and h e n c e would not i n c o r p o r a t e a c e ­
t a t e . If p r e s e n t , t hey would s e r v e only to d i lu te the " o c t a b r o m i d e s " in 
p r o p o r t i o n to t h e i r c o n c e n t r a t i o n . On the o t h e r hand , the p r e s e n c e of 
p o l y b r o m i d e s of the m o r e h ighly u n s a t u r a t e d fa t ty a c i d s is qui te l i ke ly , 
and i t i s safe to a s s u m e t h a t t h e s e wi l l a m o u n t to as m u c h a s 20% of the 
" o c t a b r o m i d e " f r a c t i o n . Yet t h i s , in i tself , does not s e r v e to i n v a l i d a t e 
the v a l u e s , s i n c e M e a d ' s g roup has a l so shown tha t t h e s e fa t ty a c i d s a r i s e 
by p r o c e s s e s ana logous to t h o s e l e ad ing to a r a c h i d o n i c ac id , i . e . i n c o r p o r a ­
t ion of a c e t a t e and f u r t h e r d e s a t u r a t i o n . T h u s , c h a i n - l e n g t h e n i n g p r o c e s s e s 
of the s a m e type a r e invo lved , and with r e s p e c t to the effect of c h o l e s t e r o l 
feeding they would be e x p e c t e d to r e s p o n d s i m i l a r l y . T h e r e f o r e , whi le the 
p r e s e n c e of m o r e h igh ly u n s a t u r a t e d fa t ty a c i d s in t h i s f r a c t i o n p r e v e n t s 
u s f r o m l o c a l i z i n g the defect in the a r a c h i d o n i c ac id f o r m a t i o n p r o c e s s e s , 
it a p p e a r s none the l e s s va l i d to s t a t e tha t , a s a c l a s s , the t e t r a e n e and 
p e n t a e n e a c i d s i n c o r p o r a t e l e s s a c e t a t e when c h o l e s t e r o l i s fed. It would 
be d e s i r a b l e , of c o u r s e , to have a def in i t ive a n s w e r to t h i s p r o b l e m , but 
t h i s wi l l not b e p o s s i b l e un t i l a g a s - d e n s i t y b a l a n c e b e c o m e s a v a i l a b l e 
which wil l enab le u s to i s o l a t e a r a c h i d o n i c ac id d i r e c t l y . 



The e v i d e n c e p r e s e n t e d h e r e , h o w e v e r , s u p p o r t s t h e p r o p o s e d 
m e c h a n i s m by wh ich c h o l e s t e r o l feed ing a l t e r s c h o l e s t e r o l m e t a b o l i s m : 
by induc ing a d e r a n g e m e n t of a r a c h i d o n a t e s y n t h e s i s . It i s p e r h a p s 
suff ic ient to poin t out tha t s u c h i n t e r f e r e n c e with the s y n t h e s i s of t h i s 
e s s e n t i a l fa t ty ac id m a y l e a d a l s o to s ign i f i can t c h a n g e s in the a n i m a l 
o r g a n i s m not d i r e c t l y r e l a t e d to c h o l e s t e r o l m e t a b o l i s m . 
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PROGRESS REPORT: SCINTILLATION SPECTROSCOPY OF THE 
X-RAY BEAM FROM A GENERAL ELECTRIC MAXITRON-250 

Sarmukh S. B r a r , Phil ip F . Gustafson, Joseph E. T r i e r 

A knowledge of the photon spec t rum emit ted by an X- ray machine is 
des i rab le in var ious biological exper iments . The de terminat ions repor ted 
here were made using a 2" x 2" Nal(Tl) c rys ta l mounted on a Dumont photo­
tube in conjunction with a 256-channel ana lyzer . 

The work was pe r fo rmed at 100 cm from the t a rge t to the face of the 
c rys t a l which was covered with 1 m m bery l l ium window for light shielding. 
The pa r t i cu la r X- ray machine used has an inherent f i l t rat ion of 4.75 m m 
beryl l ium. The c rys ta l and its a ssoc ia ted preampl i f ie r were shielded f rom 
s t ray radiat ion by enclosing them in a lead pig lined with 3.2 m m b r a s s . 
The port end of the X- ray machine had a col l imating hole 2 2 cm in d iam­
eter . Approximately 5 cm from the c rys ta l was placed a piece of lead 3 cm 
in d iamete r and 1.38 cm thick with a hole 0.4 m m in d iamete r in the center 
through which the beam was allowed t o reach the c rys t a l . 

Since the photon flux was found to be too great for the measu r ing 
equipment to handle without p i le-up of pulses for the range of c u r r e n t s 
used, it was decided t o obtain as much information as poss ib le for an over ­
all survey of the p rob lem for future exper imenta t ion. By the use of thick 
a b s o r b e r s , it was es tabl ished that the shape of the spec t rum does not change 
appreciably from 100 /ia to 30 ma of cu r ren t . This was done with graphi te , 
a luminum, copper and lead a b s o r b e r s . F i g u r e 40 shows some of the r e s u l t s 
using 1.7 cm lead and 1-, 15- , and 30-ma c u r r e n t s . 

F igu re 41 shows the resu l t of the work done with 100 jj,a. of c u r r e n t 
and var ious th icknesses of a luminum. Even at this low cur ren t (the lowest 
at which this machine can be operated without major changes in i ts control 
c i ruc i t s ) , it is seen f rom F i g u r e 41 that p i le-up of pulses has complicated 
the problem by giving a long tail on the spec t rum. That this is due to p i l e -
ups was confirmed by the use of a s ingle- l ine isotope, Cr . 
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These two graphs represent raw spectra minus backgrounds which were obtained by replacing the collimating 
lead with a piece which was solid but equivalent in thickness. 



PROGRESS REPORT: THE BACTERIAL METABOLISM OF 
UNSATURATED FATTY ACIDS 

I. The U t i l i z a t i o n of c i s - V a c c e n i c Ac id by 
L a c t o b a c i l l u s a r a b i n o s u s 

W i l l i a m M. O ' L e a r y 

The a b i l i t y of l ong -cha in u n s a t u r a t e d fa t ty a c i d s to r e p l a c e b io t in 
in the n u t r i t i o n of v a r i o u s l a c t o b a c i l l i and o t h e r m i c r o o r g a n i s m s i s we l l 
known; h o w e v e r , the e x p l a n a t i o n of t h i s p h e n o m e n o n is a m a t t e r of c o n ­
s i d e r a b l e c o n t r o v e r s y . I n d i r e c t e v i d e n c e h a s l ed m a n y w o r k e r s to b e l i e v e 
tha t in such o r g a n i s m s b io t in m a y b e invo lved in the b i o s y n t h e s i s of i n ­
d i s p e n s a b l e u n s a t u r a t e d fa t ty a c i d s , and that w h e n s u c h a c i d s a r e s u p p l i e d 
p r e f o r m e d . t h e b i o t i n r e q u i r e m e n t i s m i n i m i z e d . 

C a r e f u l a n a l y s i s h a s shown t h a t t h e m a j o r u n s a t u r a t e d fa t ty a c i d 
c o n s t i t u e n t in l a c t o b a c i l l i i s c i s - v a c c e n i c ( c i s - 1 1 , 1 2 - o c t a d e c e n o i c ) a c i d , 
a c o m p o u n d w h i c h e x h i b i t s a h igh b i o t i n - r e p l a c i n g a c t i v i t y . An a c i d of 
s i m i l a r s t r u c t u r e and b i o t i n - r e p l a c i n g a c t i v i t y found in t h e s e b a c t e r i a i s 
l a c t o b a c i l l i c ( c i s - 1 1 , 1 2 - m e t h y l e n e - o c t a d e c a n o i c ) a c i d . R e c e n t w o r k of 
t h e a u t h o r a s we l l a s o t h e r s h a s s u g g e s t e d tha t c i s - v a c c e n i c a c i d m a y b e 
the p r e c u r s o r of l a c t o b a c i l l i c ac id .v^ ' ^ ) 

The p u r p o s e of the p r e s e n t i n v e s t i g a t i o n w a s to d e t e r m i n e w h e t h e r 
o r not c i s - v a c c e n i c a c i d i s a c t u a l l y i n c o r p o r a t e d in b a c t e r i a l l i p i d e s w h e n 
s u p p l i e d in l i eu of b io t i n , and, if so , w h e t h e r it is r e t a i n e d a s s u c h o r i s 
c o n v e r t e d in to o t h e r l i p i d e m a t e r i a l s . 

M a t e r i a l s and M e t h o d s 

S y n t h e s i s of c i s - v a c c e n i c - I C "̂*. 1 - C h l o r o - 1 0 - h e p t a d e c y n e w a s 
p r e p a r e d by the m e t h o d of A h m a d et al.v^) and c a r b o n a t e d by the m e t h o d 
d e s c r i b e d by C a l v i n et al.V'^) u s i n g BaC^'^Oj. The 1 1 , 1 2 - o c t a d e c e n o i c a c i d 
so o b t a i n e d w a s p u r i f i e d by f r a c t i o n a l r e c r y s t a l l i z a t i o n and p a r t i a l l y hy -
d r o g e n a t e d u s i n g p a l l a d i u m on c h a r c o a l c a t a l y s t in e thano l c o n t a i n i n g 
20% p y r i d i n e . The r e s u l t i n g c i s - v a c c e n i c a c i d w a s p u r i f i e d by f r a c t i o n a l 
r e c r y s t a l l i z a t i o n fo l lowed by c h r o m a t o g r a p h y . ( 5 ) 

C u l t i v a t i o n of m i c r o o r g a n i s m s . T h i r t e e n l i t e r s of s e m i s y n t h e t i c 
m e d i u m c o n t a i n i n g 405 m g of c i s - v a c c e n i c a c i d (93 ,700 cpm/jLt M) w e r e 
i n o c u l a t e d w i th L a c t o b a c i l l u s a r a b i n o s u s 1 7 - 5 , A T C C 8014, and i n c u b a t e d 
a t 30°C for 36 h r . The c e l l s w e r e r e c o v e r e d by c e n t r i f u g a t i o n , w a s h e d 
and l y o p h i l i z e d . 
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M i c r o b i o l o g i c a l a s s a y s of the m e d i u m b e f o r e and a f t e r g rowth 
showed tha t 105 m g (0.374 m M ) of c i s - v a c c e n i c ac id had b e e n r e m o v e d 
f r o m the m e d i u m . 

E x t r a c t i o n and a n a l y s i s of c e l l u l a r fa t ty a c i d s . The d r i e d c e l l s 
(7 g) w e r e h y d r o l y z e d by au toc l av ing with 2 N su l fu r i c ac id for I2 h r . T h e 
l i p i d e s w e r e e x t r a c t e d f r o m the h y d r o l y s a t e wi th e t h e r and sub j ec t ed to 
the u s u a l sapon i f i ca t ion p r o c e d u r e to ob ta in the c o n s t i t u e n t fa t ty a c i d s 
(165.9 m g ) . 

Af te r c o n v e r t i n g the u n s a t u r a t e d fa t ty a c i d s to t h e i r c h r o m a t o g r a p h ­
i ca l ly s e p a r a b l e d ihyd roxy d e r i v a t i v e s , a l i quo t s of the fa t ty ac id m i x t u r e 
w e r e s u b j e c t e d to r e v e r s e d - p h a s e r u b b e r c o l u m n c h r o m a t o g r a p h y . ( 6 ) The 
e l u a t e f r a c t i o n s w e r e m o n i t o r e d by t i t r a t i o n wi th 0.01 N s o d i u m h y d r o x i d e . 

The a c i d s p r e s e n t in each c h r o m a t o g r a p h i c peak w e r e r e c o v e r e d 
by ac id i f i ca t i on and e t h e r e x t r a c t i o n , and t h e i r spec i f i c a c t i v i t i e s w e r e 
d e t e r m i n e d u s i n g a T r i - C a r b s c i n t i l l a t i o n c o u n t e r . 

R e s u l t s and D i s c u s s i o n 

ELUATE FRACTIONS 

Figure 42 Chromatographic pattern of the fatty acids of L. 
arabinosus grown on cis-vaccenic-1-C '̂̂  acid 
(48. 3-mg sample). Acetone-water elution solvent 
A35. A50, A58, and A64 contained 35, 50, 58, 
and 64Plo acetone respectively. 

The p a t t e r n of a t y p ­
i ca l c h r o m a t o g r a p h i c a n a l y s i s 
i s shown in F i g u r e 42. 

The da ta in Tab le 39 
show tha t 94.6% of the c i s -
v a c c e n i c ac id r e m o v e d f r o m 
the m e d i u m d u r i n g g r o w t h 
can be a c c o u n t e d for by the 
c o m b i n e d c e l l u l a r con t en t s 
of c i s - v a c c e n i c and l a c t o ­
b a c i l l i c a c i d s . The r e m a i n ­
ing 5.4% m a y r e p r e s e n t 
d e g r a d e d ac id or l a c t o b a c i l ­
l i c ac id tha t h a s in t u r n b e e n 
m e t a b o l i z e d to s o m e n o n -
l ipo ida l m a t e r i a l . The 
m e t a b o l i c funct ion of l a c t o ­
b a c i l l i c a c i d is a s yet unknown. 

It w a s a l s o found tha t the spec i f i c a c t i v i t i e s of bo th c i s - v a c c e n i c and 
l a c t o b a c i l l i c a c i d s f r o m the c e l l s w e r e a p p r o x i m a t e l y 95% tha t of the ac id 
supp l i ed in the m e d i u m wh ich s u g g e s t s tha t a low l eve l of de novo s y n t h e s i s 
m a y be t ak ing p l a c e . 



TABLE 39 

Analysis of L. a rab inosus fatty acids 

Acid 

c i s -Vaccenic 
Capr ic 
Laur ie 
Myris t ic 
Pa lmi t i c 
Lactobaci l l ic 

Totals 

Pe rcen tage of 
total fatty acids 

22.4 
1.9 
3.0 
2.6 

29.8 
39.6 

99.3 

Specific activity, 
cpm/)i M 

89,100 

930 
88,900 

Total 
in ce l l s , mM 

0.132 

0.222 

0.354 

It appears evident f rom the above data that c i s -vaccen ic acid 
supplied to L^ arab inosus in lieu of biotin is indeed taken into the b a c ­
t e r i a l cell as such, and that it is in tu rn converted into lactobaci l l ic acid. 

The author is indebted to Dr. John H. Pomeroy for his helpful 
advice regarding the synthes is of cis-vaccenic-1-C^'* acid. 
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N E U T R O N IRRADIATION OF VARIOUS P H O S P H A T E S IN VACUO 

T a k u y a R. Sa to and H a r o l d H. S t r a i n * 

Our s t u d i e s of the n e u t r o n a c t i v a t i o n p r o c e s s have shown tha t t he 
n e u t r o n i r r a d i a t i o n of p h o s p h o r u s c o m p o u n d s is a v e r y c o m p l e x and v a r i a b l e 
p h e n o m e n o n . It i s i n f luenced by a g r e a t v a r i e t y of c o n d i t i o n s , i nc lud ing the 
p r e s e n c e o r a b s e n c e of oxygen , the p r e s e n c e o r a b s e n c e of m o i s t u r e , t h e 
n a t u r e of the c o n t a i n e r s for the s a m p l e s , t he n e u t r o n f lux, the i n t e n s i t y of 
the " y - i r r a d i a t i o n , and t h e d u r a t i o n of the e x p o s u r e . The ef fec ts of s o m e of 
t h e s e c o n d i t i o n s upon t h e n a t u r e of the i r r a d i a t i o n p r o d u c t s have a l r e a d y 
b e e n r e p o r t e d (1) The n e u t r o n (plus 7 ) i r r a d i a t i o n of p h o s p h o r u s c o m p o u n d s 
at h igh n e u t r o n f lux y i e l d e d m u c h of t h e r a d i o a c t i v e p h o s p h o r u s in the s a m e 
c h e m i c a l s p e c i e s tha t w e r e i r r a d i a t e d . With s o d i u m h y p o p h o s p h i t e , s o d i u m 
p h o s p h i t e , and p h o s p h i n e , wh ich r e a d i l y u n d e r g o d i s m u t a t i o n r e a c t i o n s , t he 
7 - r a y s a c c o m p a n y i n g the n e u t r o n s p r o d u c e d s ign i f i can t y i e l d s of s e c o n d a r y 
d i s r u p t i o n p r o d u c t s . But wi th p h o s p h a t e , wh ich d o e s not u n d e r g o d i s m u t a t i o n 
r e a c t i o n s , t h e r e w a s l i t t l e a l t e r a t i o n by the 7 - r a y s , and n e a r l y a l l t he r a d i o ­
a c t i v e p h o s p h o r u s a t o m s w e r e found in the f o r m of p h o s p h a t e . It i s u n l i k e l y 
tha t t h e s e r e s u l t s wi th p h o s p h a t e can b e due to s h o r t c o m i n g s of the a n a l y t i ­
c a l t e c h n i q u e s , b e c a u s e o u r d i f f e r e n t i a l m i g r a t i o n m e t h o d s of a n a l y s i s w e r e 
so s e l e c t i v e tha t d i s r u p t i o n p r o d u c t s f o r m e d a s r a d i o a c t i v e s p e c i e s only 
( i . e . , wi thout c a r r i e r ) would have b e e n s e p a r a t e d f r o m t h e p h o s p h a t e . 

T h e s e o b s e r v a t i o n s on t h e n e u t r o n a c t i v a t i o n of p h o s p h o r u s c o m ­
p o u n d s , p a r t i c u l a r l y p h o s p h a t e , m a y be i n t e r p r e t e d in two w a y s . E i t h e r 
the a c t i v a t i o n of the p h o s p h o r u s a t o m s did no t d i s r u p t t h e m o l e c u l e in to 
s m a l l f r a g m e n t s , o r it did d i s r u p t t h e m o l e c u l e but the f r a g m e n t s r e c o m -
b ined to f o r m t h e o r i g i n a l p h o s p h o r u s c o m p o u n d s . At t h e p r e s e n t s t a g e of 
o u r knowledge of p h o s p h o r u s c o m p o u n d s , i t s e e m s u n l i k e l y tha t m a n y s m a l l 
f r a g m e n t s would r e c o m b i n e to f o r m p r i m a r i l y the s t a r t i n g m a t e r i a l ; h e n c e , 
one m u s t c o n s i d e r the p o s s i b i l i t y of a c t i v a t i o n wi thout e x t e n s i v e d i s r u p t i o n 
of the m o l e c u l e , p a r t i c u l a r l y wi th p h o s p h a t e . 

To ob ta in f u r t h e r i n f o r m a t i o n about the n e u t r o n a c t i v a t i o n p r o c e s s , 
we have e x t e n d e d o u r s t u d i e s to v a r i o u s p h o s p h o r u s c o m p o u n d s , a l l wi th the 
ox ida t ion s t a t e of p h o s p h a t e . In t h e s e e x p e r i m e n t s , we h a v e now i r r a d i a t e d 
m o n o b a s i c , d i b a s i c , and t r i b a s i c s a l t s of p h o s p h o r i c a c i d a t h igh n e u t r o n 
f lux. We have a l s o p r e p a r e d a n h y d r o u s c r y s t a l l i n e p h o s p h o r i c a c i d and i r ­
r a d i a t e d it at t e m p e r a t u r e s above i t s m e l t i n g poin t . In a l l t h e s e e x p e r i m e n t s 
wi th l iqu id p h o s p h o r i c a c i d and i t s c r y s t a l l i n e s a l t s , v i r t u a l l y a l l of the r a d i o ­
a c t i v e p h o s p h o r u s w a s found in the f o r m of p h o s p h a t e . When s a l t s of p y r o ­
p h o s p h a t e werB i r r a d i a t e d , a l l t he a c t i v i t y w a s found in the f o r m of 
p y r o p h o s p h a t e . 

* C h e m i s t r y D i v i s i o n 



We h a v e i r r a d i a t e d s a l t s of t h e c y c l i c t r i m e t a p h o s p h a t e and h a v e 
found al l t h e a c t i v i t y in the f o r m of t r i m e t a p h o s p h a t e . In t h i s m o l e c u l e 
two-f i f ths o r 40% of the P - O bonds f o r m l i n k s in the c y c l i c s t r u c t u r e . 
R u p t u r e of any one of t h e s e would d e s t r o y the r i n g by c o n v e r t i n g it in to 
the l i n e a r t r i p o l y p h o s p h a t e . 

F r o m the n e u t r o n b ind ing e n e r g y , we have c a l c u l a t e d the r e c o i l 
e n e r g y fo r P J ^ P , a s s u m i n g t h i s e n e r g y to be r e l e a s e d in the p h o s ­
p h a t e g r o u p , P ^04, m o l e c u l a r we igh t 96. With a l l t he e n e r g y l i b e r a t e d 
a s a s i ng l e 7 - r a y , t he r e c o i l e n e r g y would be m a n y t i m e s the h e a t of 
f o r m a t i o n of p h o s p h a t e f r o m the e l e m e n t s . With l e s s e n e r g e t i c 7 - r a y s , 
t h e r e c o i l e n e r g y would be s m a l l e r . And for o t h e r e m i s s i o n m e c h a n i s m s , 
a s a c a s c a d e or o p p o s e d r a y s , t h e r e c o i l e n e r g y would be v e r y m u c h l e s s 
t han the e n e r g y for the e m i s s i o n of a s i ng l e - y - r a y . The n - c a p t u r e g a m m a 
s p e c t r u m i n d i c a t e s , h o w e v e r , t h a t m o s t of the n e u t r o n - b i n d i n g e n e r g y of 
p h o s p h o r u s i s d i s s i p a t e d in the r a n g e of 3 to 7 Mev. (^ ) E a c h of the 20 7 -
r a y s in t h i s e n e r g y r a n g e would p r o v i d e enough e n e r g y to b r e a k the c h e m i ­
ca l bonds about the p h o s p h o r u s a t o m . 

With s o m e of t h e n e u t r o n - b i n d i n g e n e r g y l i b e r a t e d a s h e a t about 
the a c t i v a t e d p h o s p h o r u s c o m p o u n d , one m i g h t e x p e c t to f ind t h e a c t i v a t e d 
s p e c i e s in the f o r m of c o n d e n s a t i o n p r o d u c t s s u c h a s p y r o p h o s p h a t e , w h i c h 
i s f o r m e d r a p i d l y f r o m Na2HP04 a t t e m p e r a t u r e s above 200°. Yet n o n e 
w a s found. 

We b e l i e v e that our r e s u l t s p r o v i d e s t r o n g s u p p o r t fo r the v i ew 
tha t n e u t r o n a c t i v a t i o n of p h o s p h a t e and of i t s c o n d e n s a t i o n p r o d u c t s 
( p y r o p h o s p h a t e and t r i m e t a p h o s p h a t e ) d o e s no t d i s r u p t t h e m o l e c u l e s in to 
s m a l l f r a g m e n t s , a s m i g h t b e o b t a i n e d by r u p t u r e of a l l t h e c h e m i c a l b o n d s 

At h igh n e u t r o n f lux, t he n e u t r o n a c t i v a t i o n p r o d u c t s of p h o s p h a t e 
and i t s c o n d e n s a t i o n p r o d u c t s m a y b e a f fec ted by t h e h igh t e m p e r a t u r e 
p r o d u c e d by the r e a c t i o n of n e u t r o n s wi th t h e c o n t a i n e r s . To m i n i m i z e 
t h i s effect , the i r r a d i a t i o n of p h o s p h o r u s c o m p o u n d s at low n e u t r o n f lux 
i s now b e i n g s t u d i e d . 
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MORTALITY EXPERIENCE AT ARGONNE NATIONAL LABORATORY 

II. Analysis of causes of death 

Asher J. F inke l* and Har ry Auerbach 

In the period from January 1951 through December 1955 there 
occur red 43 deaths among the employed population of Argonne National 
Labora tory . Of this number , one death was in the category of occupation-
ally re la ted t r auma . 

Table 40 gives the dis tr ibut ion of deaths by sex and compar ison 
with the expected deaths in the ANL population on the bas i s of severa l 
sets of age- and sex-specif ic death r a t e s . The U.S. r a t e s were used as 
a general background for compar i son , and the Illinois r a t e s were selected 
because they presumably reflect the death r a t e s prevalent in the geo­
graphic a r ea in which ANL is located. A further compar i son was made 
to evaluate the possible effects of differences in socio-economic fac tors . 
F o r this purpose , appropr ia te death r a t e s from a high per capita income 
state (Connecticut) and a low per capita income state (Mississippi) were 
also applied to the ANL population in the calculation of expected deaths . 
F o r fur ther compar ison , the death r a t e s for Industr ia l Pol icyholders of 
the Metropoli tan Life Insurance Company for 1951-1955 were used to 
match the select ion of the ANL employed population. 

TABLE 40 

Expected and observed deaths in ANL population 
by age and sex, 1951-1955 

Observed: 
ANL, 1951-1955 

Expected: 
Compar ison population 

U.S.A., 1949-1951 
Il l inois, 1949-1951 
Connecticut, 1949-1951 
Miss i ss ipp i , 1949-1951 
Industr ia l pol icyholders . 
Metropoli tan Life Insurance 
Company, 1951-1955 

Mean of compar ison populations 
ANL/Mean of compar i sons , % 

Male 

40 

58.9 
61.5 
52.8 
58.4 

59.7 

58.4 
68.5 

F e m a l e 

3 

7.6 
7.7 
6.9 
7.3 

5.9 

7.2 
41.7 

Total 

43 

66.5 
69.2 
59.7 
65.7 

65.6 

65.6 
65.5 

•Health Division, ANL 
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# It i s noteworthy that the ANL deaths a re about two- th i rds of the 
expected number by compar i son with any of the re fe rence populat ions. 
The probable reasons for this d e c r e a s e in the expected number of deaths 
can be seen by an examination of Table 4 1 . This table p r e s e n t s an ana l ­
ys i s of the expected and observed ANL deaths by sex and by broad d i sease 
ca t ego r i e s . The expected deaths were calculated by applying the U.S. 
1949-1951 age - , s ex - , and d i sease-spec i f ic death r a t e s to the ANL 
population. 

TABLE 41 

Expected and observed dea ths , ANL population, 1951-1955 
by sex and by broad d i sease ca tegor ies 

Disease group 

Neoplasms 
(140-205)* 

Accidents 
(E800-E962)* 

All other 

Total 

Male Female Total 

Exp. i Ob s. 

Card iovascula r 
(410-443)* 20.1 

7.9 

8.6 

22.3 

58.9 

Exp. 
\ 

Obs. i Exp. 

20 

11 

7 

2 

40 

1.8 

1.8 

1.3 

2.7 

7.6 

Obs. 

1 

0 

3 

21.9 ' 

9.7 

9 9 

25.0 

I 66.5 
L_ 

21 

12 

8 

2 

43 

•Ca tegor i e s as l i s ted in Internat ional Lis t s of D i s e a s e s 
and Causes of Death, 6th Revis ion. World Health 

Organizat ion, Geneva, Switzerland (l949). 

When the t h r ee major causes of death a r e cons idered , the re is a 
s t r iking cor respondence between the expected and the obse rved number s 
of dea ths . On the other hand, t he re i s m a r k e d d i sc repancy in deaths in 
all other ca t egor i e s , which include infective and pa ra s i t i c d i s e a s e s , and 
those of the nervous sys tem and sense o rgans , and d i s ea se s of the r e ­
sp i r a to ry , digest ive, and g e n i t o - u r m a r y s y s t e m s . The a lmos t complete 
absence of deaths in these ca tegor i e s among ANL employees accoiints 
for the significant d e c r e a s e in the total number of dea ths . Disease of 
the ca rd iovascu la r sys tem, neop l a sms , and accidental deaths away f rom 
work a r e evidently not grea t ly affected by an occupational heal th p r o g r a m 
or by provis ions for a m e d i c a l - s u r g i c a l and hosp i t a l - in su rance p r o g r a m . 
It i s not su rp r i s i ng then that these d i s e a s e s occur in a sma l l population 
with the expected f requenc ies . Selection of pe r sonne l and such medica l 
superv is ion as i s afforded by per iodic r echeck examinat ions probably 
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serve to reduce the numbers of deaths in ca tegor ies other than those that ^ ^ 
a r e responsib le for the major numbers of deaths in the U.S.A. at the p r e s ­
ent t ime. 

F u r t h e r data a r e being collected to tes t these conclusions and should 
be available at the close of the 1956-1960 period. 




