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HEMOLYSIN P R O D U C T I O N IN I R R A D I A T E D R A B B I T S . P A R T VII 

W i l l i a m H, T a l i a f e r r o * and B e r n a r d N . J a r o s l o w 

We have r e p o r t e d tha t t he h e m o l y s i n - f o r m i n g c a p a c i t y of i r r a d i a t e d 
(400 r ) r a b b i t s c a n be c o m p l e t e l y r e s t o r e d ( n o r m a l p e a k t i t e r i s r e a c h e d 
a f t e r d e l a y of 6 d a y s ) if y e a s t e x t r a c t i s a d d e d w h e n t h e a n t i g e n (1.6 x 1 0 ' 
s h e e p r e d c e l l s / k g ) i s i n j e c t e d one day a f t e r i r r a d i a t i o n . ( 1 ) S ince t h e n we 
have b e e n t r y i n g to c h a r a c t e r i z e t h e " r e s t o r a t i o n f a c t o r . " R i b o n u c l e a s e 
w a s r e p o r t e d to be p a r t i a l l y e f fec t ive . (2) T h i s f inding l e d to the i n v e s t i ­
ga t ion of t h e r e s t o r a t i v e a c t i v i t y of the n u c l e i c a c i d s and t h e i r b r e a k d o w n 
p r o d u c t s . T h i s a c t i v i t y i s m e a s u r e d in t e r m s of t h e m e a n p e a k h e m o l y s i n 
t i t e r of the t r e a t e d g r o u p a s c o m p a r e d to t h i s v a l u e in u n i r r a d i a t e d and 
i r r a d i a t e d (400 r ) , u n t r e a t e d a n i m a l s . E n z y m a t i c d i g e s t s of the n u c l e i c 
a c i d s o r the e n z y m e s a l o n e p a r t i a l l y r e s t o r e d a n t i b o d y l e v e l s , w h e r e a s t h e 
h igh ly p o l y m e r i z e d n u c l e i c a c i d s had a b s o l u t e l y no a c t i v i t y ( T a b l e 1), 

T A B L E 1 

R e s t o r a t i v e a c t i v i t y of s e v e r a l a g e n t s a s c o m p a r e d to y e a s t 
e x t r a c t i n r e f e r e n c e to h e m o l y s i n - p r o d u c i n g a b i l i t y 

X - r a y 
d o s e , r 

0 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 

" 

T r e a t m e n t 

None 
None 
Y e a s t e x t r a c t 
DNA i n c u b a t e d wi th D N a s e 
D N a s e 
DNA 
RNA i n c u b a t e d w i th R N a s e 
R N a s e 
RNA 
Kine t in 
A d e n i n e 
A d e n o s i n e 
A d e n y l i c a c i d 
C r u d e guano s i n e 

No . of 
r a b b i t s 

56 
59 
25 
31 
17 
13 
15 
10 

9 
17 

9 
9 
6 
7 

M e a n log 
p e a k t i t e r 

3.262 ± 0.040 
2,361 ± 0 .062 
3.125 ± 0.030 
2 .725 ± 0 .109 
2 .531 ± 0 .143 
2.481 ± 0.154 
2 ,768 ± 0 .152 
2 .875 ± 0.160 
2 .014 ± 0 .165 
2.791 ± 0 .122 
2.394 ± 0 .139 
2 ,333 ± 0 .127 
2.354 ± 0 .214 
2.372 ± 0 .067 

G e o m e t r i c 
m e a n 

1830 
230 

1333 
531 
340 
303 
586 
750 
103 
618 
248 
216 
228 
236 

• D e p a r t m e n t of M i c r o b i o l o g y , U n i v e r s i t y of C h i c a g o . 



Kinetin (6-aminofurfurylpurine) is a der ivat ive of DNA which has 
been found to have growth-s t imula t ing activity in p lan ts . When tes ted in 
our sys t em, i t s r e s to ra t i ve capacity on antibody production was s imi l a r 
to those of the nucleic acid d iges t s . Adenine (6-aminopurine) , adenosine 
and adenylic acid were a lso tes ted , but the r e s u l t s were negative (Table 1). 
A crude p repa ra t ion of guano sine was also ineffective. 

The r e s to r a t i ve activi ty appears to be assoc ia ted in p a r t with the 
breakdown products of nucleic ac ids . Res tora t ion in the groups t r ea t ed 
with nucleic acid d iges ts or kinetin was not as high as in the y e a s t - t r e a t e d 
group, although the other compounds w e r e used in l a r g e r amounts than the 
yeas t p r e p a r a t i o n s . We suggest that some factor in yeas t med ia tes the 
in te rac t ion between antigen and nucleic acid der ivat ive that normal ly 
occurs in the course of antibody synthes is . 
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THE R O L E OF S T R U C T U R A L DEGRADATION IN THE LOSS O F 
SEROLOGICAL ACTIVITY O F GAM M A - I R R A D I A T E D OVALBUMIN 

Hugo F r i c k e , * C h a r l e s A . L e o n e , * * and Wende l l L a n d m a n n + 

Al though i t h a s long b e e n known tha t i on i z ing r a d i a t i o n s c a u s e d e -
n a t u r a t i o n of p r o t e i n s , a s def ined by l o s s of so lub i l i t y a t t h e i s o e l e c t r i c 
po in t , i t i s ye t not known to what ex ten t t h i s d e n a t u r a t i o n i s c o r r e l a t e d 
wi th l o s s of b i o l o g i c a l funct ion . In add i t ion to the d e n a t u r e d c o n s t i t u e n t s , 
i r r a d i a t e d p r o t e i n s s u c h a s o v a l b u m i n and h e m o g l o b i n con ta in a b r o a d 
band of s t r u c t u r a l l y i n j u r e d m o l e c u l e s , c h a r a c t e r i z e d by t h e i r i n c r e a s e d 
t h e r m a l l ab i l i t y wi th r e s p e c t to d e n a t u r a t i o n . ( 1 ) E x p e r i m e n t s w e r e p e r ­
f o r m e d to e s t a b l i s h the r o l e p l a y e d by t h e s e v a r i o u s k inds of s t r u c t u r a l 
d e g r a d a t i o n r e a c t i o n s in the l o s s of s e r o l o g i c a l a c t i v i t y of 7 - r a y e d 
o v a l b u m i n . 

O v a l b u m i n w a s i r r a d i a t e d in l yoph i l i z ed f o r m (8-10% w a t e r ) in 
vacuo a t 0°C in a h o m o g e n e o u s 7 - r a y f ie ld of 1.5 x 10 r / h r and s u b s e ­
quen t ly c o m p l e t e l y d i s s o l v e d in a e r a t e d w a t e r , b r o u g h t to pH 7-9 wi th 
NaOH, a t 0 ° C . P r o t e i n s w e r e c h a r a c t e r i z e d s e r o l o g i c a l l y by m e a s u r i n g 
a t 0°Cs p H 7 .2 , t he p r e c i p i t a t i o n s f o r m e d f r o m the r e a c t i o n of v a r i o u s 
q u a n t i t i e s of a n t i g e n wi th a fixed quan t i ty of a n t i n a t i v e r a b b i t s e r u m . The 
e n t i r e r a n g e of conabining p r o p o r t i o n s w a s s tud ied i h o w e v e r , t h e p r e c i p i ­
t in c u r v e s in F i g . 1 r e p r e s e n t only the p r e c i p i t a t i o n s f o r m e d n e a r the 
p e a k s , i . e . , f r o m the r e g i o n of s l igh t a n t i g e n e x c e s s to t h e r e g i o n of s l igh t 
a n t i s e r u m e x c e s s . 

Figure i 

Reaction of anti-native ovalbumin rabbit serum 
with native ovalbumin, N; irradiated ovalbumin 
(dose 60 ev/molecule y -rays, I); and residual 
protein obtained after removing the irradiation-
denatured fraction from I, Sj. The arrows indi­
cate the position of the peaks on the abscissa. 

• 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 1955-1957 f r o m Cold Sp r ing H a r b o r , 
Long I s l a n d , New Y o r k . 

• • 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 1955-1956 and S u m m e r 1957 f r o m 
U n i v e r s i t y of K a n s a s , L a w r e n c e , K a n s a s . 

+ 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 f r o m A m e r i c a n Mea t I n s t i t u t e F o u n d a ­
t i on , The U n i v e r s i t y of C h i c a g o . 



For ovalbumin prepara t ions i r r ad ia ted so as to absorb up to 
100 electron volts per prote in molecule , the effect of i r rad ia t ion is to 
shift the precipi t in curves para l le l to the absc i s sa toward the side of 
higher antigen concentrat ions , with no sys temat ic change in the form of 
the curves (Fig. 1) as far as can be establ ished with our p resen t t ech­
niques. Thus an i r rad ia ted ovalbumin sys tem behaves essent ia l ly as a 
mixture of prote in molecules which have ei ther completely retained or 
completely lost their original serological activity. This suggests that 
the essent ia l underlying mechanism involves s t ruc tura l degradation 
ra the r than localized chemical changes in the protein molecule . The 
fraction of protein molecules that a r e apparent ly serological ly intact -
term.ed he re the serological activity of the sys tem - was obtained as the 
ra t io of the absc i s sas of the peaks of the precipi t in curves for the native 
and the i r rad ia ted sys tem. 

It would be easy to unders tand these observat ions if the loss of 
serological activity resul ted wholly from denaturat ion, but this is not 
the case . The denatured protein was obtained by precipi ta t ing it a tO°C, 
pH 4,85, the approximiate i soe lec t r ic point of both the rad ia t ion-a l te red 
and native protein species.(1) Curves represen t ing the amounts of s e r o ­
logically active and nondenatured prote in as functions of radiat ion dosage 
a r e shown in F ig . 2. The fo rmer curve l ies considerably below the 
l a t t e r . Thus, even if the radia t ion-denatured protein were completely 
inactive serological ly, as further study showed it not to be, it would 
account for only a fraction of the loss of serological activity. The 
G values'* for initial loss of serological activity and init ial denaturat ion 
were respect ively 1.25 and 0.64. 

1.00 

0.40 
20 40 60 80 100 

RADIATION DOSAGE, ev/m 

Figure 2 

Relationship of radiation dosage to properties 
of solutions of y -irradiated ovalbumin. Non-
denatured protein fraction, o ; serologically 
active fraction, D , Each point represents 
the average of values obtained from three 
experiments. 

^Number of molecules react ing per 100 ev. 



That the loss in serological activity was too l a rge to be accounted 
for by denaturat ion was shown also by precipi ta t ing the denatured const i tu­
ents ( D ) from the i r r ad i a t ed sys tem (l) and measu r ing the serologica l ac t iv ­
ity of the supernatant (Sj). The prec ip i t in curve for S| lay a considerable 
distance to the r ight of the prec ip i t in curve for the native ovalbiimin (N) 
(Fig. 1). 

On the bas ic assumpt ion that an a l l -o r -none mechan i sm ex i s t s , the 
serological act ivi ty A ( D ) of the denatured fract ion may be calculated froms 

A(I) = [D] . A ( D ) + ( 1 - [ D ] ) » A ( S I ) (1) 

where A(l) and A(Si) r e p r e s e n t the serologica l act ivi t ies of I and Si r e s p e c ­
tively and [ D ] is the fract ion of denatured pro te in in I, F r o m this equation, 
A ( D ) can be calculated from observed quant i t ies . The average value of 
A ( D ) thus calculated was A ( D ) = 0.16 with no apparent dependence on r a d i a ­
tion dosage in the range studied. It appea r s that the serological ly act ive 
s i tes w e r e left intact in 16% of the denatured const i tuents . 

In o rde r to es tab l i sh the serologica l c h a r a c t e r i s t i c s of Sj , a por t ion 
of the mos t highly injured pro te ins was removed by heating Sj for 6 hr at 
50.0*'C, pH 7,2. This t r ea tmen t produced only a t r a c e of denatura t ion in 
the native pro te in but caused an average denaturat ion of 38% of the pro te in 
of Si of samples that rece ived a dosage of 60 ev /molecu le . The hea t -
denatured pro te in was prec ip i ta ted by adjusting pH to 4.85, and the p r e c i p i ­
tin curve for the neut ra l ized supernatant S2 was de te rmined . The form of 
this curve was the sanne a s that of the nat ive, but i ts posi t ion in the c o ­
ordinate sys tem re la t ive to that of Si was shifted toward the native although 
it s t i l l r ema ined slightly to the r ight . 

F u r t h e r differential r emova l of other thermolab i le const i tuents was 
effected by heating S2 at 62.0°C, pH 7.2 and prec ip i ta t ing at pH 4.85. After 
4 hr of heat ing, the supernatants of ovalbumin p repa ra t ions i r r ad i a t ed to 
rece ive 30-60 ev /molecu le were serological ly indist inguishable from 
s imi l a r ly heated native ovalbumin. Our observa t ions show that the loss of 
serological act ivi ty, after r emova l of the denatured pro te in , is mainly 
assoc ia ted with the thermolabi le cons t i tuents , and pa r t i cu l a r ly those of low 
stabil i ty. By using an analog of Equation 1, we can calculate the se ro log ica l 
activity of the fract ions removed during the var ious s tages of the heat t r e a t ­
ments used . The ave rage value found in t h r e e exper iments c a r r i e d out with 
a dosage of 60 ev/molecixle was 0.4 from for the f ract ion r emoved at 50°C, 
pH 7,2, 6 h r s . 

Reference 

1. F r i c k e , H. Kinetics of t he rma l denatura t ion of X- rayed egg albumin. 
J . P h y s . Chem. 56s 789-795 (1952). 
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ULTRACENTRIFUGE STUDIES OF GAMMA-IRRADIATED OVALBUMIN 

Arthur L. Koch, Wendell Landmann, and Cha r l e s A. Leone 

Native ovalbumin is a c rys ta l l ine prote in of molecular weight 44,0001 
it contains one disulfide bond, five sulfhydryl groups and 386 peptide bonds, 
but no N- t e rmina l amino acid. The chemis t ry of p ro te ins , pa r t i cu la r ly 
ovalbumin, has been reviewed.(1) The p r e s e n c e of sulfhydryl groups can 
be demons t ra ted only if the prote in has been denatured by physical agents 
such as heat, surface fo rces , or radia t ion, or swollen in homogeneous solu­
tion by s t rong hydrogen-bonding molecules such as u rea and guanidine. ( l -4) 
Under oxidizing condit ions, gel format ion and aggregat ion follow the expo­
sure of the SH group,(5) 

When ovalbumin is i r r ad i a t ed in aqueous solution, examination of 
the product in the ul t racentr i fuge shows an i nc r ea sed sedimentat ion r a t e , 
S20 w ~ "̂ "̂ s indicating that ovalbumin, l ike b o ^ n e s e r u m albumin,(6) i s 
po lymer ized by an exposure of the SH groups followed by oxidation to form 
in te rmolecu la r disulfide b r idges . This may explain in p a r t the effect of 
i r r ad ia t ion on the sero logica l c h a r a c t e r i s t i c s of the protein„(7) 

When ovalbtimin is i r r ad i a t ed in the dry s t a te , oxidizing rad ica l s do 
not p redomina te . The question then a r i s e s as to what changes occur in the 
covalent l inkages . In o rde r to gain information per t inent to this question, 
we have examined in the analyt ical u l t racentr i fuge nat ive and i r r a d i a t e d 
ovalbumin, both before and after pe r fo rmic acid cleavage of disulfide 
b r idges . 

Exper imenta l 

Dry, twice r ec rys t a l l i z ed ovalbumin was i r r ad i a t ed at 0° to 4® C 
under high vacuum in a uniform high- intensi ty Co 7 - r a y field with a dose 
of 478 ev /molecu le , or 11.4 x 10^ r e p . Another sample was i r r ad i a t ed a s 
a 1% solution with 8.8 x 10 r e p . Samples (0.1 g) of native and i r r a d i a t e d 
prote in were subjected to pe r fo rmic acid oxidation by dissolving the s a m ­
ples in 4.0 ml of formiic acid and 1.0 ml of 30% H2O2, The solution was 
allowed to stand for 3 hr at room t e m p e r a t u r e , then diluted to 10.0 ml and 
dialyzed against t h r ee changes of water and two of buffer. 

The buffer employed was M / 1 5 phosphate , pH 6.95, containing 
0.1 ^ N a C l . The unoxidized samples w e r e placed in this buffer and then 
dialyzed against the same buffer. 

The samples w e r e examined in the Spinco Model E ul t racentr i fuge 
at 59,780 rpm. The t e m p e r a t u r e of the sample was mainta ined at 20°C, 
and the p ic tu res were taken at 16-minute i n t e rva l s . 



The r e su l t s a r e shown in F ig . 3. Native ovalbumin has a sed imen­
tation constant Islg^wt of 3.33. As the peak is quite sharp the m a t e r i a l 
appears to be quite homogeneous. Upon t r ea tmen t with per formic acid a 
smal l amount of a h igh-molecular-weight aggregate i s produced, which 
quickly sediments . The major change is a slowing of the r a t e of sed imen­
tation, S20 w ~ ^•^' T'ti-e symmet ry of the peak, considered in conjunction 
with the known chemical action of per formic acid, suggests that the m o l e ­
cule has not been broken down into smal le r molecules but that it has 
unfolded or swelled; this expansion causes an inc rease in hydrodynamic 
r e s i s t ance . 

The sample of prote in i r r ad ia ted dry in vacuo was quite insoluble 
but did contain some smal l -molecu la r -weigh t f ragments . This conclusion 
is drawn from observat ions that dry i r rad ia t ion produces t r i ch loroace t ic 
acid-soluble mater ia l , (8) that a portion of the Kjeldahl N in the p resen t 
exper iments was dialyzable, and that some ma te r i a l of lower sedimenta­
tion ra t e than the native molecule i s evident in the ul t racentr i fuge 
d iagram. 

The forces holding the insoluble aggregate together appear to be 
mainly e lec t ros ta t ic in na ture . The ma te r i a l may be completely dissolved 
with ei ther dilute alkali or acid. Thus disulfide bond formation does not 
appear to be important in the aggregation caused by i r rad ia t ion of the dry 
protein. A water -so luble product is produced upon per fo rmic acid t r e a t ­
ment of the i r r ad ia ted ma te r i a l . The sedimenting peak is b roader and 
moves m o r e slowly, like that of the oxidized native m a t e r i a l . In both 
cases al l disulfide bonds had been chemiically broken, and further dec rease 
in the sedimentation constant could only be achieved by sc iss ion of the 
peptide chain. 

The degradation of the protein appears to be quite probable . If one 
as sumes 32,5 ev per p r i m a r y ionization, then on the average , 14 such 
events must have occur red per molecule in the sample , which was i r r a d i ­
ated with 478 ev /molecu le . Again on the average , if each ionization 
produced a sc iss ion, the average size of the molecule would be reduced to 
one-fourteenth. The exper imental observat ion is that the sedimentat ion 
constant of the dialyzed m a t e r i a l is reduced to about one half. Since it is 
highly probable that these molecules a r e in random coil configuration, this 
would cor respond to a reduction in molecular weight by a factor of four.(9) 
The actual factor must be somewhat l a rge r since the smal le r f ragments 
have been lost by d ia lys is . 

It seems that exposure of dry ovalbumin to ionizing radiat ion r e ­
sults in the cleavage of the peptide chains . This p r o c e s s would appear to 
occur once in about 1 to 3 p r i m a r y ionization events with the 7 - r a y emitted 
by Co °, and it may account for the loss of serological reactivity.(10) 



14 

Figure 3. Ultracentrifuge diagrams of native and irradiated ovalbumin, showing effects of oxidation. 

k. 
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PAPER ELECTROPHORETIC ANALYSES OF SERA FROM 
IRRADIATED, TUBERCULIN-POSITIVE AND 
TUBERCULIN-NEGATIVE RHESUS MONKEYS 

Char les A. Leone,* Anne R. Hartnet t ,** Rober t Chris t ,*** 
and Carolee McBeth*** 

This study desc r ibes and c o m p a r e s the changes that were foimd in 
success ive samples of s e r a from 25 Rhesus monkeys during both p r e i r r a -
diation and pos t i r rad ia t ion per iods of observat ion . The fluctuations and 
the genera l pos t i r rad ia t ion t r ends a r e d i scussed and i n t e r r e l a t ed to the 
posit ive tubercul in condition of some of the monkeys and to changes 
r epor t ed by o thers in the e lec t rophore t ic pa t t e rns of d i seased an imals 
and an imals subjected to var ious forms of physiological s t r e s s . 

Mate r ia l s and Methods 

Monkeys. A total of 25 monkeys (Rhesus macaccus) were used in 
these expe r imen t s . They were maintained in individual cages in an a i r -
conditioned kennel and fed a s tandard ra t ion . The animials were left tin-
d is turbed except for the t i m e s they were being i r r a d i a t e d or bled. Blood 
samples were taken per iodica l ly by venipuncture in the a r m , using asept ic 
techniques . Sixteen of the monkeys gave posi t ive t e s t s for t ube rcu los i s ; 
they v/ere studied in the s ame manner as the TB-negat ive an ima l s . 

I r rad ia t ion . B i l a t e ra l whole-body exposures were employed in all 
i r r a d i a t i o n s . During exposures the monkeys were held in a h a r n e s s that 
covered the legs and body and pe rmi t t ed the a r m s to be s t r apped to the 
outs ide . If the an imals were suspended in a hammock- l ike posit ion they 
r ema ined re la t ive ly quiet during an exposure . 

X - r a y s , 250 kv, 15 ma , with 1 mm of Cu and 3 m m of Bakeli te f i l ­
t r a t ion (half-value l ayer , 2,3 m m Cu), were used to give one group of 7 
monkeys 600 r (Table 2) in a single exposure at a ra te of 5 r / m i n . The 
monkeys were placed in an exposure field whose maximuin var ia t ion 
was 5%. 

Co ° 7 - r ays at 5 r / m i n were used to give one group of 11 monkeys 
doses of 60 r eve ry two weeks (Table 2) and one group of 5 monkeys 100 r 
eve ry week (Table 2). The chronic exposures were continued until the 
animals died. 

•Resident R e s e a r c h Associa te (1955-1956 and Summer , 1957) f rom 
Depar tment of Zoology, Univers i ty of Kansas , Lawrence , K a n s a s . 

**Student Ass i s tan t (Summer) f rom Univers i ty of Ottawa, Ottawa, Canada. 

• • • U n i v e r s i t y of Kansas , Lawrence , Kansas . 



TABLE 2 

Survival of monkeys exposed to X- and 7 - i r r ad ia t ion 

Exposure 

X-Rays 
600 r 

Monkey 
numbe r 

MC4 
19 
20 
21 
24 
27 
30 

TB 

-

-

-

-

-

-

Sex 

M 
M 
M 
M 
M 
M 
M 

No. of 
doses 

Total 
dose, r 

600 
600 
600 
600 
600 
600 
600 

Survival 
days* 

3 
11 
39 
32 
64 
39 
25 

Average 

7-Rays, 
60 r/2 weeks 

1 
7 
8 
9 
10 
11 
12 
13 
16 
23 
31 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
-

+ 
+ 
+ 

M 
F 
F 
F 
F 
F 
F 

Preg. F 
F 
? 
? 

1 

12 
14 
2 
3 
3 
11 
7 
11 
7 
2 
2 

600 

720 
840 
120 
180 
180 
660 
420 
660 
420 
120 
120 

30 

161 
182 
21 
35 
28 
147 
84 
140 
91 
14 
14 

Average 

7-Rays, 
100 r/week 

14 
18 
22 
29 
32 

i 
Average 

+ 
+ 
+ 
+ 
+ 

F 
M 
M 
M 
M 

7 

9 
9 
5 
7 
11 

8 

404 

900 
900 
500 
700 
1100 

820 

83 

56 
56 
28 
42 
70 

50 

*Days after the f i r s t exposure to i r r ad i a t i on . 

Serum s a m p l e s . The samples of ser i im that were compared e l e c -
t rophore t i ca l ly were der ived from sl ightly hepar in ized p l a smas by freezing 
the l a t t e r at -20°C. F i b r i n clots inevitably formed when the p l a smas were 
thawed. Each sample of p las ina was frozen within 48 h r after being col lected 
and was kept in this condition until all of the s amples f rom a given monkey 
had been col lected. 

P r o t e i n de terminat ion . A s tandard curve was plotted using color 
reac t ions obtained with b iure t reagent and human s e r u m whose pro te in 
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con ten t w a s d e t e r m i n e d by i n i c r o - K j e l d a h l a n a l y s e s of both t o t a l a n d n o n ­
p r o t e i n n i t r o g e n . The v a l u e s for p r o t e i n n i t r o g e n w e r e c o n v e r t e d to 
p r o t e i n on the a s s u m p t i o n t h a t t he n i t r o g e n w a s 16% of t h e t o t a l we igh t 
of t h e p r o t e i n . D i t t e b r a n d t ' s ( l ) m o d i f i c a t i o n of t h e b i u r e t r e a g e n t w a s 
e m p l o y e d t h r o u g h o u t . T u b e s c o n t a i n i n g the p r o t e i n and t h e r e a g e n t w e r e 
i n c u b a t e d a t 37° C fo r 30 m i n and r e a d in a C o l e m a n J u n i o r S p e c t r o p h o t o m ­
e t e r s e t a t 555 m/ i . T h e r e a g e n t - p r o t e i n m i x t u r e s p r o d u c e d c o l o r r e a c t i o n s 
t h a t w e r e s t a b l e for p e r i o d s up to 2 h r a f t e r i n c u b a t i o n . 

E l e c t r o p h o r e s i s . S e r u m a n a l y s e s w e r e m a d e u s i n g the Sp inco 
Mode l "R" p a p e r e l e c t r o p h o r e s i s a p p a r a t u s and t h e Sp inco A n a l y t r o l s c a n ­
n e r . S t a n d a r d i z e d p r o c e d u r e s w e r e e m p l o y e d | \ ^ i r u n s w e r e m a d e wi th 
Sp inco b a r b i t u a t e buffer B - 2 a t pH 8.5 for 18 h r a t 5 mia of c u r r e n t . Two 
Mode l R c e l l s w e r e u s e d i n e a c h r u n . T h i s p e r m i t t e d , fo r a m a j o r i t y of 
t h e nnonkeys , t he s i m u l t a n e o u s hand l ing of a l l s a m p l e s of s e r u m o b t a i n e d 
f r o m a s i n g l e a n i m a l . When m o r e s a m p l e s w e r e o b t a i n e d t h a n c o u l d be 
h a n d l e d by the two c e l l s ( i . e . 16 s t r i p s ) , p r e i r r a d i a t i o n s a m p l e s of s e r a 
f r o m t h e s e nnonkeys w e r e i n c l u d e d in the s e c o n d r u n wi th t h e p o s t i r r a d i a ­
t i on s a m p l e s s o t h a t c o m p a r a t i v e c o n t r o l s w e r e o b t a i n e d . Al l s t r i p s w e r e 
p l a c e d in a s t i l l - a i r d r y i n g o v e n at 120* C fo r 30 m i n . The o v e n - d r i e d 
s t r i p s w e r e t h e n s t a i n e d for 6 h r i n Sp inco Dye B - 1 , r i n s e d t w i c e in b a t h s 
of 5% a c e t i c a c i d , c a r e f u l l y d r i e d b e t w e e n c l e a n b l o t t e r s , and r e t u r n e d for 
15 m i n to t h e d r y i n g o v e n . F r e s h s t a i n , r i n s e and f ixing s o l u t i o n s w e r e 
u s e d to p r o c e s s the s t r i p s f r o m e a c h i n o n k e y . One h o u r b e f o r e s c a n n i n g 
t h e s t r i p s in the A n a l y t r o l i n s t r u m e n t , t h e y w e r e p l a c e d for 1 m i n in a 
c l o s e d c o n t a i n e r and s a t u r a t e d wi th v a p o r f r o m c o n c e n t r a t e d a m m o n i u m 
h y d r o x i d e (28-30% NH3). C o n s i d e r a b l e e f for t w a s e x p e n d e d to m a i n t a i n 
i d e n t i c a l c o n d i t i o n s of e l e c t r o p h o r e s i s a m o n g the s e r u m s a m p l e s f r o m 
t h e 25 e x p e r i m e n t a l m o n k e y s . 

E x p e r i i n e n t a l D a t a 

T h e A n a l y t r o l s c a n n e r p r o v i d e d c u r v e s i n d i c a t i n g t h e r e l a t i v e c o n ­
c e n t r a t i o n of t h e i n d i v i d u a l s e r u m p r o t e i n s a s t h e y w e r e s t a i n e d and f ixed 
a long t h e e l e c t r o p h o r e t i c p a p e r s t r i p . The c u r v e s w e r e a u t o m a t i c a l l y i n ­
t e g r a t e d by t h e s c a n n e r wh ich s i m u l t a n e o u s l y r e c o r d e d "coxmts" t h a t w e r e 
p r o p o r t i o n a l to t h e a r e a u n d e r t h e c u r v e . 

E a c h t r a c i n g of s e r u m w a s d i v i d e d in to four c o m p o n e n t s r e p r e s e n t ­
ing t h e a l b u m i n s a n d t h e a , ^, and 7 g l o b u l i n s . No a t t e m p t w a s m a d e t o 
d iv ide t h e a and ^ g lobu l in s in to t h e i r s u b c o i n p o n e n t s . In any samiple t h a t 
e x h i b i t e d h e m o l y s i s , t h e t r a c i n g r e p r e s e n t i n g the h e m o g l o b i n (Hb) w a s 
d e d u c t e d f r o m a l l c a l c u l a t i o n s d e r i v e d f r o m t h e c u r v e . 

The a l b u m i n to g lobu l in ( A / G ) r a t i o w a s c a l c u l a t e d f r o m t h e s c a n n i n g 
/ a l b u m i n coun t „ , 

c o u n t s a s f o l l o w s : A / G = ^—T-T—T- = ^ 1—• T h e p e r c e n t 
' s u m of g l o b u l i n s m i n u s Hb c o u n t s 



of each component in a sample of s e r u m was calculated from coxmts of the 
total protein minus Hb and the counts for the prote ins of each type. The 
amount of prote in r ep re sen t ed by the t rac ing was calculated as follows: 

Individual prote in count \ / Total prote in \ _ Individual pro te in 
Total count minum Hb count I I in g/lOO ml j in g/lOO ml 

Plo ts were made of the amounts of the var ious component prote ins 
of the s e r a during the course of the of the exper iment . Represen ta t ive curves 
for the s eve ra l kinds of exposures to ionizing i r r ad ia t ions a r e p r e sen t ed in 
F i g s . 4 -7 , The observed effects following i r r ad ia t ion may be s u m m a r i z e d 
as follows. 

1. In all but th ree monkeys the total pro te in dec rea sed after i r r a d i ­
ation; of these t h r e e , one rece ived 60 r / 2 weeks , one 100 r / w e e k and one a 
single dose of 600 r . 

2. In all monkeys except one (100 r /week) the se ru in albumin de ­
c r e a s e d after i r r ad ia t ion . The change in albumin was propor t ionate ly 
g rea t e r than that observed for the total prote in of s e r u m . In mos t monkeys 
the re was a 50% dec rea se in albumin from the p r e i r r a d i a t i o n level . 

3. In all but t h r ee monkeys the a globulin i nc r ea sed s teadi ly fol­
lowing i r r ad ia t ion . The i n c r e a s e in amount of a globulin ranged between 
10% and 100%. In those an imals not showing a r i s e the a globulin r ema ined 
essen t ia l ly constant . 

4. In approximiately half of the monkeys the ^ plus 7 globulins de ­
c r e a s e d sl ightly during the pos t i r rad ia t ion per iod . In mos t of the remain ing 
monkeys it i n c r e a s e d slightly, and in a few monkeys it was essen t ia l ly constant . 

5. In 10 monkeys the pos t i r r ad ia t ion ^ globulins i nc r ea sed sl ightly; 
in seven monkeys they dec rea sed sl ightly; in seven o thers they r ema ined 
essen t ia l ly constant . 

6. In 11 monkeys the pos t i r r ad ia t ion 7 globulins d e c r e a s e d sl ightly; 
in six they i n c r e a s e d sl ightly; in eight they remained essen t ia l ly constant . 

F r o m data such as those p re sen t ed in F i g s . 4-7 it appeared that the 
^ and 7 globulins might be interdependent and complemen ta ry to each o the r . 
In o rde r to revea l any such re la t ionship , values w e r e de te rmined for the ra t io 
of the single globulin to total globulins for each s a m p l e . The r a t i o s , when 
plotted, had the effect of smoothing out the globulin c u r v e s , hence the r e l a ­
t ionship of each kind of globulin to the o the rs becam.e m o r e apparen t . I l lus ­
t ra t ive curves obtained with values for the globulin ra t io a r e p r e sen t ed in 
F i g s . 9 and 10. F r o m these f igures it i s c l ea r that the ^ and 7 globulins 
a r e complemen ta ry to each other because the cu rves for these globulins 
a r e , in eve ry monkey, v e r y n e a r l y m i r r o r i m a g e s . The cu rves for the a 
globulins indicate that these prote ins a r e not metabol ica l ly i n t e r r e l a t e d 
to the other globulins. 
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Figure 4. Variations m the levels of the proteins m the serum of an 
unirradiated monkey (M28). 

Figure 5. Variations m the levels of the proteins m the serum of a 
monkey ( M i l ) receiving 60 r of 7-rays/2 weeks. Two 
samples were obtained prior to irradiation. Blood taken 
on any day of irradiation indicated on the abscissa, was 
obtained pnor to exposure. 

14 21 28 35 4 2 4 9 5S 

DAYS AFTER X- IRRADIATION IRRADIATION 

5 25 

DAYS AFTER X-IRR 

Figure 6. Variations in the levels of the proteins m the serum of a 
monkey <M32) receiving 100 r of r-rays/week. Blood 
taken on any day of irradiation indicated on the abscissa, 
was obtained prior to exposure. 

Figure 7. Variations in the levels of the proteins m the serum of a 
monkey {M21) that received 600 r of X-rays m a single 
exposure. Blood taken on the day of irradiation, day 0 
on the abscissa, was obtained prior to exposure. 



S 60 

7 0 7 14 2) 20 
OOYS BEFORE 
IRRADIATION 

70 64 

DAYS AFT 

6 112 126 !40 

K-IRRADifiTtON 

Figure 8, Variations in the proportions of the proteins of the serum 
of a monkey (Ml) receiving 60 r of y-rays/2 weeks. 
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Figure 9, Ratios of each kind of globulin/total globulins in the serum 
of a monkey (M28) that was not irradiated and the sera of 
two monkeys (M7 and M13) that received 60 r of r-rays/2 
weeks. 

Figure 10. Ratios of each kind of globulin/total globulins in the serum 
of a monkey (M14) that received 100 r of y^rays/week and 
a monkey (M27) that received 600 r of X-rays in a siogle 
exposure. 
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The curves in F i g s , 4-7 depict the changes in concentrat ion of the 
s eve ra l pro te ins in the s e r a . F o r purposes of compar i son values for each 
component for Monkey Ml (60 r / 2 weeks) a r e p resen ted in F ig . 8 in t e r m s 
of per cent of total pro te in . The curves in F i g s . 5 and 8 a r e s i m i l a r . The 
per cent p lots , by the i r na tu re , i n t e r r e l a t e all of the values for the compo­
nents , but while they indicate the t rue propor t iona l i t i es , they do not r evea l 
the quantitative aspec ts of the changes . 

F i g s . 11 and 12 a r e plots of the s e r u m A/G ra t ios of inonkeys f rom 
each of the X - r a y exposure g roups . Super imposed upon the cyclic var ia t ion 
of the ra t ios i s a s teady decline in the values after i r r ad ia t ion . The con­
cordance of the cycles among the monkeys from each exposure group implie 
an innate rhythmic metabol ic in te r re la t ionsh ip between the a lbumins and the 
globulins of the s e r a . 

Table 2 is a s u m m a r y rela t ing radiat ion dose to the number of days 
survival after i r r ad ia t ion . Monkeys receiving 60 r / 2 weeks on the average 
were exposed seven t i m e s , accumulated a dose of 404 r and survived 83 
days . Monkeys receiving 100 r / w e e k on the average were exposed eight 
t imes3 accumulated a dose of 820 r and survived 50 days . Monkeys that 
rece ived a single dose of 600 r survived an average of 30 days . 

Discussion 

The complementa ry behavior of the [i and y p ro te ins of the s e r u m 
impl ies a physiological in te r re la t ion between them. Tentat ively it is sug­
gested that the si te of formation for these two c l a s s e s of pro te ins is the 
same and that the regu la to ry mechan i sm is a genera l , somat ic one. The 
p r e c i s e s t imulus that s u p p r e s s e s the synthesis of one globulin in favor of 
the other i s unknown. 

The a globulins behave independently of the ^ and 7 globulins in 
a quantitative sense Thei r destiny s eems more in t imate ly re la ted to the 
s e r u m a lbumins . As the l a t t e r begin the i r genera l decline following i r ­
radiat ion the fo rmer begin to i nc r ea se in amount. The r i s e in a globulin 
(approximately 4 g r a m s %) is not compensa tory ; the loss of albumin (ap­
proximate ly 16 g r a m s %) exceeds the i nc r ea se in a globulin. 

It is obvious f rom a study of f igures depicting the s e r u m changes 
in any one monkey that the re is cons iderable fluctuation in the total amount 
of prote in in the s e r u m even in no rma l an ima l s . The component p ro te ins 
do not r i s e and fall propor t ionate ly with each change in total pro te in . The 
co33iplementary act ions of the ^ and 7 globulins coupled with the independ­
ent quantitative changes of the a globulins and the a lbumins es tab l i sh a 
p ic ture of continuously a l te r ing propor t iona l i t ies among the components . 
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Figure 11. The albumin/globulin (A/G) ratios of four monkeys (Ml, Ml, 
Mil, M16) that received 60 r of r«rays/2 weeks until death. 
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Both the TB+ and the T B - monkeys appeared to respond to i r r a d i a ­
tion in the same manner . The dec rea se in albumin and the i nc r ea se in a 
globulin is not a unique response to i r r ad ia t ion . Severa l worke r s have 
repor ted that tuberculos is in humans induced a dec rease in s e r u m albumin 
and an i nc r ea se in a globulins. Their observat ions on the ^ and 7 globulins 
were cont radic tory . 

Severa l other infectious and degenerat ive d i seases a r e known to 
influence the s e r u m prote ins in humans in a manner s imi l a r to those 
desc r ibed for t ube rcu los i s . Deficiencies in v i tamins , niacin and pyr idox-
ine will l ikewise lead to dec reased s e r u m albumin and inc reased a globulins 
in monkeys . Various kinds of physiological s t r e s s - aging, pregnancy, burns 
and low and high t e m p e r a t u r e s - have been observed to induce the s a m e gen­
e ra l i zed response of reducing the concentra t ion of s e r u m albumin and in ­
c reas ing the concentra t ion of a globulins. 

X- i r r ad ia t ion has been r epor t ed to cause a d e c r e a s e in concentra t ion 
of s e r u m albumin and an i nc r ea se in concentrat ion of a globulin in other 
l abora to ry animals such as dogs, r abb i t s , guinea pigs , and r a t s . 

Summary 

Successive p r e i r r ad i a t i on and pos t i r rad ia t ion samples of s e r a from 
Z5 monkeys were studied by means of p a p e r - s t r i p e l e c t r o p h o r e s i s . Eleven 
TB-f animals rece ived 60 r eve ry two weeks until they died, five TB+ an i ­
mals rece ived 100 r eve ry week until they died; and seven T B - an imals 
rece ived a single exposure of 600 r . One monkey was not i r r ad i a t ed . In all 
of the ixionkeys exposed to X- and 7 - r a y s the re was a pos t i r rad ia t ion loss 
of s e r u m albumin and an i n c r e a s e in a globulin. The ^ and 7 globulins 
fluctuated considerably and were complementa ry with r e spec t to one another . 
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SOME OBSERVATIONS ON KREBS-2 MOUSE 
ASCITES CARCINOMA IN RATS 

Agnes N. Stroud, Austin M Brues and Bever ly M. Richard 

We have r epor t ed the successful growth of both the K r e b s - 2 and 
Ehr l i ch jxiouse a sc i t e s c a r c inomas in Sprague-Dawley r a t s without p r e -
t r e a t m e n t . " ) The r e s u l t s showed an exponential i n c r e a s e , which might be 
as much as t h r e e - or fourfold, in the number of ce l ls over a pe r iod of 
3 days , with a s imul taneous en la rgement of the ce l l s and nucle i . Since 
the phenomenon appears to be assoc ia ted with an antigen-antibody reac t ion 
of the host against the donor ce l l s , we were led to invest igate some of the 
immunological r e sponses induced o r a l t e red by var ious t r e a t m e n t s to the 
host and to the donor ce l l s . 

Mate r ia l s and Methods 

The donor tumor ce l l s , for ei ther heterologous or homologous host 
t r ans f e r , we re K r e b s - 2 mouse a sc i t e s ca rc inoma, a nonspecific tumor in 
axiice, with a modal chromosome number of 75 . \^ ' Fema le Sprague-Dawley 
r a t s (125-175 g) and C F No. 1 mice (20-25 g) were used throughout. T r a n s ­
fer of the tuinor ce l ls f rom the donor to the host was made during the 5 or 
7 days of the log phase of growth, at which t ime the a sc i t e s yields about 
10 cel ls pe r ml Mice and r a t s were inoculated in t raper i tonea l ly with 
10 and 10 ce l l s , respec t ive ly , under asept ic condit ions. 

Animals of i r r a d i a t e d groups were given a tota l -body dose of 350 r 
of X - r a y s i inmediately before , or 3 days or m o r e before , tumor cel l in­
oculat ion. When a combination of ACTH and i r r ad ia t ion was employed, 
an imals were given 3 in t raper i tonea l injections of ACTH (.05 m g / g body 
weight) at 24-hr in te rva l s and 350 r of X - r a y s 24 hr after the las t in jec­
tions th is was followed by tumor cel l inoculation. Before tumor ce l l s were 
i r r ad ia t ed , they were i so la ted f rom the t u m o r - b e a r i n g mouse and plated 
into s t e r i l e 1 0 0 - m m p e t r i d ishes in amounts of 8 to 10 cc . The d ishes were 
sea led with Saran Wrap to p reven t evaporat ion, and p laced on a continuously 
rotat ing wheel under the X - r a y tube The conditions of i r r ad ia t ion w e r e : 
250 k \^ , 15 ma , 0.5 m m Cu plus 3.0 m m Bakeli te f i l ter , half-value l ayer 
1 .8 m m Cu. The dose r a t e for both an imals and tumor ce l l s was approx i ­
mate ly 100 r / m i n at a dis tance of 27 inches fromi the tube. 

Cell volumes and nuc lear volumes w e r e m e a s u r e d with an eyepiece 
m i c r o m e t e r after fixation with an ace to -o rce in s tain; the difference in 
volume between the fixed and imfixed cel ls was e s t ima ted to be l e s s than 
1%. Fifty or m o r e cel ls were m e a s u r e d rout inely . Mitotic indices were 



dete rmined in 500 or m o r e ace to -o rce in stained ce l l s . Duplicate d e t e r m i ­
nations of cell population were made on each sample , using 2 WBC pipettes 
and a Neubauer - ru led hemacy tomete r . 

Exper imenta l 

P r e t r e a t m e n t of donor ce l ls with X- i r r ad ia t ion . Krebs -2 mouse 
a sc i t e s ca rc inoma cel ls i n c r e a s e logar i thmical ly in the r a t over a period 
of two or th ree days , yielding f rom a 10^-cell inoculum, a cel l population of 
15-20 X 10® c e l l s . (1) During this t ime, cel l volumes and nuclear volumes 
a l so i n c r e a s e , as much as t h r e e - or fourfold (Table 3). The voltime ra t io 
of nuclei to cel ls does not always follow a consis tent pa t t e rn over this 
period, but is on the o rde r of about 1:3. P r e l i m i n a r y exper iments with 
solid t umors and point sources of i r r ad ia t ion a lso demons t ra t ed an in­
c r e a s e in cell s ize , W''*) which appears to r e p r e s e n t growth of ce l ls whose 
division has been inhibited by radia t ion. To compare this phenomenon 
with the en la rgement of tumior ce l ls desc r ibed above, cel ls were t r ea ted 
with 2 k r or 3 k r of X- i r r ad i a t i on before inoculation into r a t s or m i c e . 
Volumes of the donor ce l l s , with and -mthout p r io r X- i r rad ia t ion , a r e 
coinpared in Table 3 . 

TABLE 3 

Cell volume and nuclear volume of K r e b s - 2 mouse 
a sc i t e s ca rc inoma cel ls in r a t s and mice after 

X- i r r ad i a t i on of the donor ce l l s 

I r rad ia t ion 
dose to 

ce l l s , r 

0 
2000 
3000 

0 
2000 
3000 

Cell volume,* 

Days 

0 

30 
36 
49 

29 
31 
26 

jû  X 10^ 

after inoculati 

1 

60 
163 
245 

35 
127 
139 

2 

93 
146 
306 

33 
100 
125 

on 

Rai 

Mi 

Nuclea 

Days 

0 

ts 

10 
11 
12 

ze. 

10 
10 

9 

r volum.e,* /û  x 1 0^ 

after 

1 

22 
59 
80 

11 
37 
42 

inoculation 

2 

22 
56 

108 

14 
31 
44 

• E a c h datum r e p r e s e n t s the mean value for 100 ce l l s . 



In r a t s , i r rad ia t ion and inociilation resul ted in additive i n c r e a s e s in 
nuclear and cell volumes . Inc reases in cell volume occurr ing at 1 hr after 
i r rad ia t ion , i .e . , i rmnediately before inoculation, a r e noted at 0 t ime . The 
ra t ios between nuclear and cell volumes remained approximately at 1:3 for 
each dose level and t ime . Cell and nuclear volumes inc reased in mice after 
the s imi la r doses or radiation, but the increment was l e s s at the higher 
dose leve ls . 

Three days after inoculation of r a t s with the i r r ad ia ted tumor cel ls , 
very few cel ls remained in the peri toneal cavi t ies , and mos t of these were 
within the normal size range, although the l a rge s t attained a size beyond 
the 48-hr mean va lues . Leucocytes predominated among the cel ls seen in 
the asc i t ic fluid at this t ime; this condition is seen a l so in mice receiving 
X- i r rad ia ted ce l l s . Some cells contained no nuclei , but had many smal l 
ves ic les ranging in d iameter from Ijj. to Zfl; they may be equal in number 
to the modal chromosome number . They did not stain with orcein, carmine 
or hematoxylin, but were Feulgen-pos i t ive . Some cells contained a few 
micronucle i in addition to the ves ic les^^ ' " ' ; these appeared to be d e ­
generate since very few were seen at 4 or 5 days after inoculation. At 
48 hr the mitotic index was high (4-5%) and most of these dividing cel ls 
were in prophase or metaphase , suggesting an inhibition or delay of 
mi tos is resul t ing in a high mitot ic index.\1) Almost al l of the mitot ic 
figures p resen t were abnormal; they included clumped metaphases , d i s ­
organized prophases , chromosome breaks , and b r idges . Occasionally 
chromosomes a r e unequally dis t r ibuted between two daughter c e l l s . 

The growth of the i r rad ia ted tumor cel ls after inoculation was 
studied. In the mouse the cell population increased for 24 hr after i r ­
radiat ion and inoculation. After 48 hr a decline in the population was ob­
served. By the third day and la ter very few tumor cel ls were left, but a 
heavy infil tration of leucocytes had appeared . In the ra t , on the other 
hand, there was no initial population inc rease of the i r rad ia ted donor ce l l s , 
but ra ther a steady decline from the original inoculum size (Table 4). Ac­
cumulation of asc i t ic fluid was comparable to that in the control an imals , 
but it continued to inc rease while the cel l population was dec reas ing . 

TABLE 4 

Growth of Krebs-2 mouse ascites carcinoma m 
rats after X-irradsation of the donor cells 

Days after 
mociilation 

0 
1 
2 
3 

10^ Cells* 
X-ray dose, kr 

0 

100 
260 
600 
580 

1 

_ 
-
-

2 

100 
50 
35 

< 1 

3 

100 
35 
30 

< 1 

*Each datum represents the mean of values for 
2 rats. 



P r e t r e a t m e n t of the host with X- i r r ad ia t ion a n d / o r ACTH. The 
hypothesis that cell en la rgement r e p r e s e n t s an inf lammatory response due 
to an antigen-antibody react ion of the host to the 'ionor cel ls was tes ted by 
t rea t ing r a t s with X- i r r ad ia t ion and /o r ACTH before inoculation with tumior 
ce l l s . It was anticipated that a previously i r r ad i a t ed host would lose i t s 
capacity to develop immunity to the heterologous tumor , and that, a s a r e ­
sult, en la rgement of cell volume would be min imized . The r e su l t s a r e 
p resen ted in Table 5. Both X- i r r ad ia t ion and ACTH, alone or in combi­
nation, minimized the i nc rease in volume of ce l ls and nucle i . Although 
i r rad ia t ion of the host resu l ted in a twofold i nc r ea se in cell volume after 
24 hr , there was no further i n c r e a s e , but r a the r a d e c r e a s e at 48 hr and 
at 72 h r , X- i r rad ia t ion and ACTH in combination elici ted an ini t ial 
i n c r e a s e of about 100%, with, however, ve ry l i t t le change during the 3 days . 
With ACTH alone, a 50% i n c r e a s e was seen at 2 and 3 days . 

TABLE 5 

Cell volume and nuclear volume of K r e b s - 2 mouse 
a sc i t e s ca rc inoma cel ls in r a t s p r e t r ea t ed with 

X- i r r ad ia t ion a n d / o r ACTH 

Trea tmen t 

ACTH* 
X- i r r ad ia t ion 
X- i r r ad i a t ion 

+ ACTH 

ACTH* 
X- i r r ad i a t ion 
X- i r r ad i a t ion 

+ ACTH 

Days 

0 1 2 3 

Cell volume, {l^ x 10^** 

24.0 24.4 32.2 37.2 
24.0 47.2 35.4 24.8 

24.0 46.6 47.2 42.6 

Nuclear volume, /i x 10^ 

11.8 13.8 11.3 13.2 
11.8 14.7 13.2 15.7 

11.8 18.1 14.7 10.5 

3 injections 24 hr apa r t . 

**Each datum r e p r e s e n t s the mean of 50 or m o r e ce l l s . 

F r o m the resxilts it a p p e a r s that both X-rad ia t ion and ACTH, a t 
dosages that check the immune re sponse of the heterologous tumor cel ls 
in a foreign host, l e s sen cell en la rgement . In addition to minimizing in ­
c r e a s e s in cell volume, X- i r r ad i a t ion of the r a t i nc reased the durat ion of 
the growth per iod of inoculated mouse tumor ce l l s (Table 6). At 6 days 



after inoculation, a t the t ime when the cel l population has diminished in the 
noni r rad ia ted r a t ( i ,e . , the tunaor has r e g r e s s e d ) , the cell population in 
the i r r ad ia t ed r a t was a s much as 40 t imes that of the inoculum; deaths due 
to the tumor occu r r ed between 5 and 14 days . Both tumor cel l ntimber and 
acc-umulation of asc i t i c fluid were suppressed (Table 6). 

TABLE 6 

Growth of K r e b s - 2 mouse a sc i t e s ca rc inoma in r a t s 
p resen ted with X- i r r ad ia t ion or water 

T rea tmen t 

None 
X- i r rad ia t ion , 

350 r 
20 cc water 

None 
X- i r rad ia t ion , 

350 r 
20 cc water 

Days 

0 

1.0 

1.0 
1.0 

1 

3.0 

1.3 

2 

Cells X 1 

8.0 

5.4 
4,2 

0% 

3 

12,0 

6,0 
6.6 

6 

0 

40,0 

Fluid, ml* 

1.0 

1.0 
1.0 

5.1 

1.5 

12.2 

5.2 
2,7 

20.3 

8.4 
7,2 

59.0 

Each datum r e p r e s e n t s the mean of values f rom 2 or 
m o r e rat 's . 

When r a t s were i r r ad i a t ed 3 days before tumor cell inoculation, 
cell number s exceeded the control values by a factor of two over a 3-day 
per iod. Asci t ic fluid volume was the same as the control value, or , if 
m o r e at 24 hr , it had leveled off to control values by 48 and 72 h r . One 
death in this group was recorded at 5 days . Cell volume inc reased 3-fold 
after 24 hr and then remained constant for 3 days , whereas in the cont ro ls 
it had i nc r ea sed 7-fold by 3 days . 

When 2 doses of X - r a y were given 2 weeks a p a r t and the r a t s w e r e 
inoculated 1 week l a te r , they were in all r e spec t s sianilar to the con t ro l s . 
It appea r s that the reduct ion in immune re sponse is mainta ined over this 
per iod. 

When nontreated r a t s were put on a wa t e r - f r ee diet, concentra t ion 
of cel ls and accumulat ion of fluid w e r e unaffected over a 3-day per iod; 
however, if r a t s were inoculated in t raper i tonea l ly with 20 cc of water and 



tumor cel ls were injected 3 days l a t e r , the concentrat ion of cel l number 
and asc i t i c fluid was ve ry sim.ilar to that in X- i r r ad i a t ed r a t s (Table 6). 
The significance of this finding is not c l ea r . 
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PROGRESS REPORT: NEW STRAINS AND SPECIES 

The Mongolian Gerbil 

Robert J . Flynn 

In o rder to gain knowledge concerning their c a r e and breeding, and 
their possible usefulness for radiobiological s tudies , one male and two 
female Mongolian gerbi ls (Meriones unguiculatus) were obtained (Fig, 13). 
Within 18 months a sizable colony was produced from these or iginal th ree 
animals and a great deal concerning their ca re , handling, and breeding was 
learned. When these animals became available commerc ia l ly ,* breeding 
was discontinued and those on hand were given 300, 500, 700, or 900 r of 
X- rays (250 kv, 26.89 r /min) in an effort to de te rmine their comparat ive 
radiosensi t ivi ty . Only two died at the 900 r level and an additional dose of 
1050 r (27.76 r /min) was given to all the surv ivors 55 days after the 
initial dose . 

Figure 13. Mongolian gerbil. 

Although the numbers a r e few and the ages sca t te red , it appears 
that the s ingle-dose 30-day LD 50 is in excess of 900 r and probably 
around 1100-1300 r (Table 7). 

Tumblebrook F a r m s , Brant Lake, New York. 



TABLE 7 

Sensitivity to X-i r radia t ion of the Mongolian Gerbil 

(Meriones unguiculatus) 

Group A (12-18 months of age) 

Age* 

16 
16 
16 
14 
13 

14 
14 
13 
18 
16 

18 
18 
13 
13 
12 
12 

12 
12 
12 
12 
12 
12 

Sex 

M 
M 
M 
F 
F 

M 
M 
M 
F 
F 

M 
M 
M 
M 
F 
F 

M 
M 
M 
F 
F 

F 

Dose, r 

900 + 1050 
900 +1050 
900 +1050 
900 
900 

700 +1050 
700 + 1050 
700 +1050 
700 +1050 
700 + 1050 

500 +1050 
500 + 1050 
500 +1050 
500 +1050 
500 + 1050 
500 + 1050 

300 +1050 
300 + 1050 
300 + 1050 
300 + 1050 
300 + 1050 
300 + 1050 

Time of Death** 

13 
15 
14 
St 

12t 

19 
19 
13 
16 

Survived 

15 
17 

Survived 
16 
9 
10 

12 
Survived 
Survived 
Survived 
Survived 
Survived 

Group B (5-7 mionths of age) 

Age* 

7 
7 
7 
7 
7 

7 
6 
6 
6 
6 

7 
5 
5 
5 

7 
7 
5 
5 

Sex 

M 
M 
F 
F 
F 

M 
F 
F 
F 
F 

M 
F 
F 
F 

M 
F 
F 
F 

Dose, r 

900 +1050 
900 +1050 
900 +1050 
900 +1050 
900 +1050 

700 +1050 
700 +1050 
700 +1050 
700 +1050 
700 +1050 

500 +1050 
500 +1050 
500 +1050 
500 +1050 

300 +1050 
300 +1050 
300 +1050 
300 +1050 

Time of Death** 

17 
Survived 

15 
19 
19 

15 
14 
20 

Survived 
Survived 

Survived 
21 

Survived 
22 

Survived 
15 

Survived 

19 

*In months 

**In days after final dose 

''"Died after initial dose 



PROGRESS R E P O R T . DISEASES OF LABORATORY ANIMALS 

S tud ie s on the E t io logy of R i n g t a i l 

R o b e r t J . F l y n n 

R ing t a i l IS a condi t ion of v e r y young r a t s i n i t i a l l y c h a r a c t e r i z e d by 
c o n s t r i c t i o n and, l a t e r , by ede ina , n e c r o s i s , and s p o n t a n e o u s a m p u t a t i o n of 
the t a i l ( F i g . 14). The condi t ion is f r e q u e n t l y s e e n m s o m e a n i m a l 
q u a r t e r s , ye t n e v e r o b s e r v e d m o t h e r s . C e r t a i n i m p r e s s i o n s have b e e n 
r e p o r t e d c o n c e r n i n g i t s e t io logy but few e x p e r i m e n t a l d a t a have b e e n p u b ­
l i s h e d . Gene t i c f a c t o r s , ( 1 ) humid i ty , !^ ) caging, (2) and n u t r i t i o n a l 
effects!-^'"*) have been i m p l i c a t e d . 

Figure 14. A, normal rat tail, B, pre-rmgtail (incomplete constriction), 
C, ringtail (complete constriction), D, severe ringtail 
(constriction plus edema); E, irreversible ringtail (necrosisX 



B e c a u s e the e x p e r i m e n t a l e v i d e n c e w a s i n c o n c l u s i v e , c o n t r o l l e d 
s t u d i e s w e r e i n i t i a t e d to d e t e r m i n e w h e t h e r or no t the condi t ion could be 
p r o d u c e d e x p e r i m e n t a l l y , and if so , to d e t e r m i n e the ef fects and i n t e r ­
r e l a t i o n s of v a r i a t i o n s in h u m i d i t y , cag ing , d ie t , and s t r a i n on the i n c i d e n c e 
and s e v e r i t y of the cond i t ion . 

R e s u l t s 

The r e s u l t s of a s e r i e s of e x p e r i m e n t s show tha t r i n g t a i l can be 
p r o d u c e d e x p e r i m e n t a l l y and tha t the i n c i d e n c e c a n be a l t e r e d by c e r t a i n 
v a r i a t i o n s in the e n v i r o n m e n t . 

Under a l l c o m b i n a t i o n s of c o n d i t i o n s , the m a x i m u m i n c i d e n c e of 
r i n g t a i l c o n s i s t e n t l y o c c u r r e d a t abou t one week of a g e . Af te r the 7 -9 th 
day , the m a j o r i t y of af fec ted a n i m a l s t ended to r e c o v e r s p o n t a n e o u s l y . 
U n d e r m o d e r a t e cond i t ions conduc ive to the p r o d u c t i o n of r i n g t a i l , a l l but 
a s m a l l p e r c e n t a g e of the af fec ted a n i m a l s w e r e n o r m a l by the 14th day 
and even u n d e r e x t r e m e c o n d i t i o n s , a l a r g e p e r c e n t a g e w e r e m u c h i m ­
p r o v e d by tha t t i m e . 

The p e r c e n t a g e of a n i m a l s tha t deve loped r i n g t a i l a p p e a r e d to be 
i n v e r s e l y p r o p o r t i o n a l to the r e l a t i v e h u m i d i t y (R.H.) ( F i g . 15). At 20% 
R .H . the m a x i m u m , p e r c e n t a g e a f fec ted w a s 92 .9 ; a t 30% R.H. , 86.0; a t 40% 
R.H. , 26 .3 ; a t 50% R.H. , 4 ,4 ; and a t 60% R.H. , 0 .0 . At 20% R.H. , 7.2% of 
the r a t s w e r e p e r m a n e n t l y m u t i l a t e d by cauda l n e c r o s i s and s p o n t a n e o u s 
a m p u t a t i o n . At 30% R.H. , only one w a s p e r m a n e n t l y m u t i l a t e d and a t the 
h i g h e r r e l a t i v e h u m i d i t i e s , n o n e . 

o > 

S5 

S 6 7 8 9 
DAYS OF AOE 

Figure 15. Effects of variations in humidity on incidence of ringtail. 
Wire-mesh cage, Rockland mouse diet, Sprague-Dawley 
rat, Temperature 80°F, 

U2(Pio relative humidity 
n 30yo relative humidity 

• 40yo relative humidity 
O 50yo relative humidity 



When the r a t s were born and r e a r e d in p las t ic cages^-' ' a t 20% R.H., 
the incidence of r ingtai l was 0.0%; when s tee l cages ' " / were used, the in­
cidence was 92.9%. 

The effects of d ie ta ry supplementat ion were a lso invest igated. At 
20% R.H., the max imum incidence observed with corn oil supplementat ion 
(5 g oil per 100 g diet) was 96.9%, approximate ly the same a s the m a x i m u m 
incidence observed with the unsupplemented Rockland Mouse Diet, 92.9%. 
Simi lar ly , the addition of corn oil plus c o m p r e s s e d yeas t and le t tuce at 
30%, 40%, and 50% R.H. had only a slight effect on the resu l t an t max imum 
inc idences . 

Four s t r a ins -were compared under control led condit ions. Ringtai l 
was produced in a l l four s t r a in s ; however, the incidence was much lower 
in the Long-Evans and Sherman s t r a ins (32,6% and 29.4%, respect ively) 
then in the Wistar and Sprague-Dawley s t r a in s (78.3% and 82.1%, 
respec t ive ly) . 

Conclusions 

Ringtail can be produced exper imenta l ly ; the incidence and seve r i ty 
a r e inverse ly propor t ional to the re la t ive humidity. 

A caging effect, whether rea l or m e r e l y an express ion of the 
humidity within the cage, and a s t r a in var ia t ion, a r e obse rvab le . 

Affected an imals tend to r ecove r spontaneously. Although d ie ta ry 
supplementat ion may affect the t ime of onset or r ecovery , it does not p r e ­
vent the condition from occurr ing and has l i t t le effect on the inaximum 
incidence. 
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PROGRESS REPORT: THE USE OF IBM EQUIPMENT 
TO ANALYZE BIOLOGICAL DATA 

Joan M. Gurian 

In biological r e s e a r c h , the var iabi l i ty of the m a t e r i a l frequently 
makes it n e c e s s a r y to collect g rea t quantit ies of data in o rde r to de sc r i be 
a phenomenon adequately or to de te rmine the re la t ionship betiveen var ious 
causes and effects. Often only a sma l l port ion of the information contained 
in the r e su l t s of an exper iment can be ex t rac ted because t ime and manpower 
a r e not available for c lassif icat ion and computation. To aid the e x p e r i ­
men te r in making maximum use of his exper imenta l r e s u l t s , a p r o g r a m of 
data p rocess ing using IBM equipment has been inaugurated in the Biologi­
cal and Medical R e s e a r c h Division, in co-opera t ion with the D a t a - P r o c e s s i n g 
Depar tment of the Accounting Division, where an IBM Type 650 Computer 
and auxi l iary equipment has been made avai lable for scientific p r o b l e m s . 

Data to be p roces sed by IBM equipment mus t be in quantitative 
fo rm. Some exper imenta l r e su l t s , for example blood counts, a r e by na tu re 
in this form, o thers may be quantified eas i ly by ass igning numer ica l va lues 
to, e.g. the degree of injury, or , if the data is dichotomous, s imply coding 
yes (1) or no (0). However, ce r ta in desc r ip t ive data, such as pathology 
r e c o r d s , a r e not eas i ly quantified, and a code for such data mus t be d e ­
t e rmined through the joint effort of the exper imen te r and the IBM 
p r o c e s s o r . 

Exper imenta l data can be quantified, coded or o therwise p repa red 
for IBM analys is e i ther after collection or when produced. We have 
adopted the l a t t e r p rocedure whenever feasible since the p r o g r e s s of the 
exper iment is eas i ly followed, par t i a l r e su l t s a r e avai lable at any stage, 
and the final ana lys is can be completed in a shor t t ime after completion 
of the exper iment . 

P r o b l e m s cur ren t ly being p roces sed in this Division fall into 
s eve ra l ca tegor ie s , examples of which will be d i scussed . 

1. Modification of data . Exper imenta l r e s u l t s frequently r e ­
quire extensive modification (adjustment, cor rec t ion , or s tandardizat ion) 
before information per t inent to the biological p rob lem is produced. 
Survival , for exanaple, is des i r ed in t e r m s of number of t ime units between 
t r ea tmen t and death. However, both t r ea tmen t and death occur on, let us 
say, specific da t e s . These da tes a r e only meaningful in re la t ion to each 
other , and the number of days elapsed between them mus t be computed. 
Such a calculat ion is s imple , but in la rge exper iments it i s c u m b e r s o m e 
and t ime consuming. A p r o g r a m to obtain this for each of the th ree p a i r s 
of th ree da tes has been wri t ten . If we e x p r e s s the da tes a s DjMiYj, D2M2Y2 
andD3M3Y3, and the t imes as Tj, T2, and T3 respec t ive ly , then the p r o g r a m may 
be shown schemat ica l ly a s in F ig . I 6 . 
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Figure 16. Schematic representation of program for computing elapsed time between two dates. 

A n o t h e r e x a m p l e , c u r r e n t l y be ing p r o c e s s e d , i s the c a l c u l a t i o n of 
the d o s e r e c e i v e d by a s p e c i m e n i r r a d i a t e d in the s p e c t r o g r a p h which i s 
c o m p u t e d f r o m the i r r a d i a t i o n d e l i v e r e d , c o r r e c t e d for the ef fec ts of 
l e n s e s , f i l t e r s , e t c . Compu t ing tinae for e a c h of t h e s e p r o g r a m s i s a p -
p r o x i i n a t e l y 100 s e t s / m i n u t e . 

2. Data R e d u c t i o n and S t a t i s t i c a l A n a l y s i s . In l a r g e - s c a l e e x p e r i ­
m e n t s , m a n y r e l a t i o n s h i p s a m o n g the o b s e r v e d or m e a s u r e d v a r i a b l e s m a y 
be o b s c u r e d by the v a s t m a s s e s of da ta t ha t a r e c o l l e c t e d . A r e o r g a n i z a t i o n 
of the d a t a m a y b r i n g to the fo re s o m e c a u s a l r e l a t i o n s h i p s . 

After the da t a have b e e n t r a n s f o r m e d in to b io log i ca l l y mean ingfu l 
t e r m s , and a g e n e r a l p i c t u r e h a s been ob ta ined , f u r t h e r s t a t i s t i c a l a n a l y s i s 
m a y be i n d i c a t e d . F o r e x a m p l e , the d e t e r m i n a t i o n of an e m p i r i c a l r e l a t i o n ­
sh ip b e t w e e n a p a i r of v a r i a b l e s m a y be d e s i r a b l e . If t h i s r e l a t i o n s h i p i s 
not l i n e a r even u n d e r t r a n s f o r m a t i o n , s o m e h y p o t h e s i s a s to the r e l a t i o n ­
sh ip m u s t be t e n t a t i v e l y a c c e p t e d , and g e n e r a l m e t h o d s of f i t t ing m u s t be 
e m p l o y e d to e s t i m a t e the c o n s t a n t s of the e x p r e s s i o n . M o s t g e n e r a l m e t h o d s 
depend on a n i t e r a t i v e p r o c e s s and a r e e a s i l y a d a p t e d for p r o c e s s i n g on the 
IBM 650, whi le they m a y be p r o h i b i t i v e l y t i m e - c o n s u m i n g if done m a n u a l l y . 
Usua l l y the a d a p t a t i o n su i t ed for p r o c e s s i n g c a n be a r r a n g e d so tha t m a ­
ch ine i n s t r u c t i o n s a r e given only o n c e , and only the c o n s t a n t s n e e d be 
changed for e a c h i t e r a t i o n . Such a p r o g r a m h a s b e e n w r i t t e n to e v a l u a t e 
the c o n s t a n t s k and n in the equa t i on S = 1 - (l - e " )^ , the m u l t i - h i t 
s u r v i v a l c u r v e . 

Quan t i t a t i ve e x p e r i m e n t a l r e s u l t s can in m a n y c a s e s be c o n d e n s e d 
by subs t i t u t i on of s a m p l e - s t a t i s t i c s ( say , the m e a n and the s a m p l e -
v a r i a n c e ) for the d a t a . F o r l a r g e q u a n t i t i e s of d a t a th i s i s t i m e - c o n s u m ­
ing if done m a n u a l l y (on the d e s k - c a l c u l a t o r o r the s l i d e - r u l e ) . The l a b o r 
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in an analys is of va r iance can a l so be reduced great ly by use of the IBM 
650 since at l eas t the bas ic quanti t ies , i . e . the sums of squared deviat ions, 
can be easi ly obtained, and thus a s imple routine can se rve for the ana lys i s 
of many different exper imenta l des igns . A p r o g r a m for the calculat ion of 
mean, va r i ance , and s tandard deviations of var ious ca tegor ies and sub­
ca tegor ies in a fac tor ia l and a h i e r a r c h i c a l exper imenta l des ign has been 
wr i t t en . Since the output included the sums of the i t ems and of the i r 
squa res for each category, the quantities n e c e s s a r y for an analys is of 
va r i ance a r e readi ly avai lable . 

Another p r o g r a m in this category is one for the ana lys is of 7 - r a y 
spec t r a to de te rmine the re la t ive amount of different isotopes p re sen t in 
a mix ture of radioact ive m a t e r i a l s . 

Let f(x) = the number of counts f rom the sample in channel x 
m(x) = the number of background coxmts in channel x 
g|(x) - the number of counts from isotope i in channel x 

Then f(x) = m(x) + 2 aigi(x), where a i i s the coefficient indicating 
the re la t ive amount of isolfope i in the sample . This is calculated f rom 

x ^ J(x), 
> _ _ gij(x) 

a- =-r= r > where I j and kj a r e the channels border ing the 

•"• ^ photopeak of isotope i. 

The procedure then is as follows: 

1. Subtract background: f(x) - m(x) = f'(x) 
2. Calculate ai for i = 1 
3. Subtract counts due to isotope (l) f rom a l l channels : 

f'(x) - aigi(x) =f" (x) 

Repeat s teps 2 and 3, inser t ing the res idua l f"(x) in s tep 2, 
(i = 2 , 3 - " - ) until al l de s i r ed isotopes have been subtrac ted , or aj = 0 . 
Since x = 1, 2, 3 . . . . 240, this is a repet i t ive p rocedure , well suited to 
the e lec t ronic computer , 

3. Theore t ica l Calculat ions, Cer ta in theore t i ca l desc r ip t ions of 
biological sy s t ems can lead to l a r g e - s c a l e computat ional p ro j ec t s . These 
can be eas i ly handled by the IBM 650 computer , and such p r o g r a m s have 
been wr i t ten for specific p roblems in this divis ion. 

The p r o g r a m s for the IBM 650 that make up the l i b r a r y of rout ines 
in cu r r en t use by the Biology Division a r e devised by m e m b e r s of the d i ­
vis ion or by m e m b e r s of the p rog ra mming staff of the Data P r o c e s s i n g 



Depar tment of the Accotanting Division, or a r e obtained from the IBM 
company and other IBM ins ta l la t ions . Usually the p r o g r a m s a r e the 
resu l t of col laborat ion, with a l t e ra t ion of s tandard p r o g r a m s by m e m ­
b e r s of this division, to fit an individual problem a r i s ing in the course of 
biological exper imenta t ion , 

Fronri the above examples i t may be seen that while IBM equipment 
does not do anything which, given unlimited t ime , could not be done using 
other com.putational equipment, the ut i l izat ion of this h igh-speed equip­
ment makes possible a fuller exploitation of the grea t m a s s e s of bas ic 
experimiental data collected in biology. 



THE INDUCTION OF PHASE SHIFT IN CELLULAR RHYTHMICITY 
BY FAR ULTRAVIOLET AND ITS RESTORATION 

BY VISIBLE RADIANT ENERGY 

Char les F . Ehre t 

When nondividing cells of P a r a m e c i u m b u r s a r i a of complementa ry 
mat ing types a r e mixed together during a sexually reac t ive phase , a m a s s 
agglutination occurs that is known as the mating reac t ion . This is n o r ­
mal ly followed by pair ing of cells and conjugation of the complementa ry 
types . In na tu re , the react ive phase occurs in the daytime and the non-
reac t ive , or weakly reac t ive phase, a t night. In the labora tory it has been 
demons t ra ted that phase shifts can be induced by vis ible radiant energy,(1>2) 
that under constant conditions of da rknes s and t e inpe ra tu re an endogenous 
diurnal rhythm pe r s i s t s , (1 »3) and that these re la t ionships hold equally for 
cel ls freed of the syinbiotic algae that normal ly inhabit the cytoplasm of 
this species.(1) 

In the course of an investigation of the d o s e - r e s p o n s e re la t ionships 
for the de te rmina t ion of phase-shi f t act ion spec t ra , it became obvious that 
rad iant energy of the far u l t raviole t region of the spec t rum was not only 
highly efficient in inducing phase shifts, but that the efficiency was d i rec t ly 
re la ted to the phase stage during which the s t imulus was appl ied. It was 
further observed that the UV effect was a lmos t en t i re ly pho torevers ib le 
with vis ible radiant energy. This paper d e s c r i b e s the r e su l t s of such an 
exper iment . 

Methods 

Culture methods were essent ia l ly s i m i l a r to those previously 
descr ibed.(1) Ch lo re l l a - l e s s* cell populations of P . b u r s a r i a stock Wu-5, 
mating type D, in 250-ml e r l e n m e y e r flasks were t r a n s f e r r e d at the end of 
the exponential per iod of growth into four different l igh t -dark c o m p a r t ­
m e n t s . The flask within each compar tment rece ived 150 foot-candles (fc) 
i l lumination f rom a 15 W daylight f luorescent l amp . Each compar tmen t 
was schedtded accord ing to a photoperiodic cycle consis t ing of 10 h r of 
light and 14 hr of d a r k n e s s . F r o m one compar tment to the next, each 
cycle was unique, with 6-hr spacings between the s t a r t s of the photoper iods . 
By the th i rd day, the m i d - r e a c t i v e phases of each of the four populations 
was ei ther 6 or 12 hr removed from the other t h r e e . This s ta r t ing condition 
is r ep re sen t ed d iag rammat i ca l ly by the rec tang les a t the left of each of the 
graphs in F i g s . 17 and 18. Thus at inidnight (2400 hours , left end of the 

The cytoplasm of this stock has been en t i re ly freed of the no rma l ly 
symbiot ic alga, Chlorel la sp . 
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Figure 17, The relationship between ability of experimental paramecia to mate, and the time of day at which the mixture with 
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end of the reactive phase; D, just before the middle of the scotophilic phase. 
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absc issae) population A was in the ea r ly nonreact ive or scotophilic phase, 
population B was in the middle to late scotophilic phase, population C was 
in the ea r ly reac t ive phase and population D was in the middle to late re™ 
active phase . 

At 0945, the four populations were removed from thei r c o m p a r t ­
ment , and al iquots were t r a n s f e r r e d to 10 -cm pe t r i d ishes that se rved a s 
exposure v e s s e l s . A germicidsil lamp* was employed as source ; the i r -
radiance at Z54 m/i was 50 e r g s sec"^ m m " , and the exposure t imes were 
ze ro , 90 and 120 seconds . These opera t ions were per formed under d im 
red light, and UV exposures were completed by 1015. After i r r ad ia t ion , 
the populations were re ta ined in the dark or exposed to photo react ivat ing 
(PHTR) light (420 foot-candles (fc), "daylight" f luorescent i l lumination) 
for 1 h r . One-ml al iquots of the 24 respec t ive cel l populations were 
t r a n s f e r r e d under dim red light from the exposure v e s s e l s into 240 s torage 
v i a l s . These vials were placed in black envelopes within copper cann i s t e r s 
suspended in a water bath held at 25° C. The f i r s t counts (24 v ia l s , 3 on 
each graph) were m.ade 71 hr after UV exposure (0935), and counts were 
made at 6-hr in te rva ls for t h r e e consecutive days until al l 10 se t s of the 
via ls were counted. The counts included two m e a s u r e s : 1) the number of 
exper imenta l cel ls that par t ic ipa te in the init ial agglutination m a s s e s 
formed between the ce l l s in the v ia l s and known reac t ive t e s t ce l l sU) of 
complementa ry mat ing type 10 min after mixing; this m e a s u r e is the 
reac t ion magnitude (RM) of agglutination; 2) the number of conjugant p a i r s 
formed a s a consequence of this mix tu re , 6 hr after mixing. In each m e a s ­
u re it was possible to dis t inguish between the exper imenta l an imals and the 
t e s t e r s , because the fo rmer were co lo r l e s s , whereas the l a t t e r were g reen 
(CMorel la-containing ce l l s of mat ing type A). The contribution of the s e c ­
ond m e a s u r e was to a s s ign an ascending or descending di rec t ion to a curve 
from a given point: this is valid because many conjugants a r e formed from 
ear ly reac t ive period m i x t u r e s , whereas few conjugants a r e formed from 
late reac t ive period m i x t u r e s . (By this method each in te rsec t ion of l ines 
that occurs at s o m e p l a c e other than at a m e a s u r e d point on the plotted 
curves was infer red; e.g., the f i r s t 2 peaks for the 6OOO e r g s / m m 
category, F i g . 17A.) 

Resul t s 

The effects of exposure to far u l t raviole t a r e shown in F ig . 17. 
Three genera l effects a r e obvious, (a) In each ca tegory the re is an en­
dogenous rhythmici ty of reac t iv i ty with cycles of approximate ly 23 h o u r s ' 
durat ion, (b) There is apparen t phase shift to the r ight (delay) that is UV 
dose-dependent , (c) The ampl i tudes (RM) of the response curves a r e only 
slightly affected by low doses of UV. (Higher doses , co r r e l a t ed with some 
cel l death, cause an ex t r eme dep res s ion of maxima and a slight elevation 
of minima.^-^z) 

*15 W Westinghouse S te r i l amp G15T8. 



The resu l t s of subsequent exposure of u l t r av io le t - i r rad ia ted cel ls 
to visible i r radiances a r e shown in F ig . 18; (a) The approximately diurnal 
rhythmicity (23 hours) is again evident, (b) There a r e not conspicuous 
phase shifts experienced by t rea ted groups independently of the cont ro ls . 
(c) The response curves a r e ei ther not at all , or only slightly, depressed , 
and there is a slight elevation of minima in curve D. 

A further analysis of these resu l t s shows that there a r e three 
ra ther general superimposing effects that can be dist inguished from 
the more specific UV-plus-dark and UV-plus-l ight effects on the 
cel lular mechan i sm. The superimposing effects a r e (a) an endogenous 
23-hr rhythm, (b) the initial exposure of all ca tegor ies to dim light and 
(c) the effect of photoreactivating light itself on cont ro l s . In Table 8 such 
an analys is is summar ized , and the consequent min imum and maximumi 
sensit ivity phases a r e inferred from it. It should be noted in the table that 
in ca tegor ies 17A and 17B the controls a r e 2.5 hr ea r l i e r than expected. 
This is compatible both in direct ion and degree with the shift expectations 
that ensue from foreshortening of the photoperiod^-"-^ in 17B, and from a 
dim light st imulus applied during the late scotophilic phase in 17A.^'^/ It 
is probable that the st imulus in this case v/as the dim red light to which 
the cul tures were exposedat the s t a r t of the exper iment . However, despite 
these slight control i r r e g u l a r i t i e s , the ul t raviole t effect is conspicuous. 

T A B L E 8 

An a n a l y s i s of U V - i n d u c e d p h a s e sh i f t to d i s t i n g u i s h b e t w e e n t h e n o r m a l l i g h t e f fec t , 
t h e UV effec t and the p h o t o r e v e r s i n g e f fec t 

The f i g u r e s a r e e x t r a p o l a t e d f r o m t h e d a t a of UV c a t e g o r i e s A - D a n d 
c o r r e s p o n d i n g d a r k c o n t r o l s ( F i g . 17) and UV + l i g h t c a t e g o r i e s A - D a n d 
c o r r e s p o n d i n g l igh t c o n t r o l s {F ig . 18) . T h e e x p e c t e d t i m e of the r e a c t i o n 
p e a k ( c o l u m n 3) i s c a l c u l a t e d for e a c h c a t e g o r y on t h e b a s i s of a 2 3 - h o u r 
c y c l e , four d a y s a f t e r t h e l a s t p h o t o p e r i o d e x p e r i e n c e d b e f o r e the s t a r t 
of the e x p e r i m e n t . O b s e r v e d t i m e ( c o l u m n 4) r e f e r s t o t h e a c t u a l p e a k 
c l o s e s t to the e x p e c t e d o n e . The d i f f e r e n c e in h o u r s b e t w e e n t h e s e v a l u e s 
i s e n t e r e d a s a n e a r l y o r l a t e shi f t i n c o l u m n s 5 a n d 6 . The a v e r a g e sh i f t s 
i n d u c e d by UV a r e e n t e r e d in c o l u m n s 7 and 8 a s h o u r s l a t e r t h a n the 
o b s e r v e d p e a k ( c o l u m n 4 ) . 

Code 

(1) 
F i g . G r a p h P H T R * 

17 A 
18 A + 
17 B 
18 B + 
17 C 
18 C + 
17 D 
18 D + 

N o n i r r a d i a t e d C o n t r o l s 
T i r a e of r e a c t i o n p e a k 

(2) 
L a s t 

p h o t o p e r i o d 

>! 700 
1700 
1100 
1100 
0500 
0500 
2300 
2300 

(3) 
E x p e c t e d 

1300 

0700 
s> 

0100 

1900 
^ 

(4) 
O b s e r v e d 

1030 
1130 
0430 
0530 
0100 
0350 
1900 
2200 

Shift ( f r o m 3) 

(5) 
Hour s 

2 .5 
1.5 
2 .5 
1.5 

0 
2 .8 

0 
3.0 

(6) 
D i r e c t i o n s 

e a r l y 
e a r l y 
e a r l y 
e a r l y 

on t i m e 
l a t e 

on t i m e 
l a t e 

I r r a d i a t e d 
U V - I n d u c e d shi f t ( f r o m 4) 

4500 e r g s m m " ^ 

(7) 
H o u r s 

3.8 
0.8 
2.5 
0.0 
3.0 
0.0 
5.0 
1.0 

6000 e r g s m m - ^ 

(8) 
H o u r s 

7.1 
0.0 
3.5 
0.7 
4.0 
0.0 
8.5 
1.0 

* E x p o s e d (+) o r n o t e x p o s e d (-) t o 1 h o u r " p h o t o r e a c t i v a t i n g " ( P H T R ) l i g h t . 



In both 1 7A and 1 7B the i r r ad ia t ed ca tegor ies a r e late whether compared 
with the controls as they a r e (early, column 4) or as they should have been 
without phase shift ("on t ime , " column 3). We can further conclude f rom 
this that UV-induced phase-de lay i s not ent i re ly (if a t all) due to some 
fai lure of the cells to respond to a phase-shif t ing s t imulus . 

In 1 7C the controls a r e on t ime, indicating no response to a shor t 
d im light s t imulus in the very ea r ly scotophilic phase; the i r r ad ia t ed group 
is late and c lear ly sensi t ive to phase delay by UV. In 1 7D the controls a r e 
on t ime , which is compatible with an in ter rupt ion of the mid-scotophi l ic 
phase by dim light(^) (Before this t ime, the shift i s la te ; after it the shift 
is early.) The i r r ad ia t ed ca tegor ies a r e conspicuously late; however, even 
here the magnitude of the delay is possibly influenced by p r e - t r e a t m e n t 
with dim red light since the subsequent exposure to white light at this t ime 
(18D below) produces an unexpected syne rg i sm. 

The photoreact ivated ca tegor ies can s imi l a r ly be compared: i t 
appears that each of the control and UV- i r rad ia ted populations that have 
been illtmninated after UV-i r rad ia t ion r eac t s synchronously. Was this b e ­
cause the UV delays were prevented or because i l lumination maximized 
delays in each instance? In th ree cases this dist inction is poss ib le . In 
18A and 18B light applied before or a t the beginning of the no rma l photo-
period induces the react ion to occur ahead of schedule . These a r e not so 
ea r ly as 17A and 17B controls above because the s t ronger s t imulus oc ­
cu r r ed an hour l a t e r . Never the less , the UV- i r rad ia ted ca tegor ies in 18A 
and 18B a r e just as ea r ly as thei r light cont ro ls , although they should have 
been at leas t 1.0 to 4.5 hr la ter than even the 1 7A and 17B dark controls 
had photoreactivation not occu r r ed . 

In 18D the controls a r e la te , which is unexpected s ince i l lumination 
in the late scotophilic phase usually shor tens the phase; however, when 
added to red light mid-scotophi l ic in ter rupt ion (17D above) the effect 
appea r s to be that of an ea r ly or prolonged scotophile in ter rupt ion , and the 
phase shift is delay. Conapatible with this in te rpre ta t ion i s the broadening 
effect of a slightly heterogenous cell population. However, the UV-i r rad ia t ion 
ca tegor ies show only an hour g rea t e r delay, whereas they would have been at 
l eas t 2 to 5.5 hr la ter had photoreact ivat ion not occu r r ed . 

These dist inct ions cannot be made in 18C in which the UV- i r rad ia ted 
ca tegor ies a r e no l a t e r than the cont ro ls , but were as late as they would 
have been without light, although possibly m o r e synchronous . It is con­
ceivable that the UV-induced phase delay •was photoreversed and a photo-
induced phase delay substi tuted for it, but this exper iment cannot decide 
that i s sue . 



Discussion 

This demons t ra t ion that phase shifts in cel lular rhythmici ty can be 
induced by ul t raviole t i r r ad ia t ion should prove encouraging to the inves t i ­
gator who hopes to find clock escapements for the rhythm-cont ro l l ing 
t inaepieces at the ce l lu lar leve l . It i s of further i n t e r e s t that the UV-
induced damage is pho to revers ib le . This br ings the phenomenon into line 
with a l a rge number of d iverse biological m e c h a n i s m s , none of which in 
the pas t has been d i rec t ly assoc ia ted with r h y t h m s . The high efficiency 
of u l t raviole t light, both in absolute energy and in t ime for induction, mus t 
u l t imately be compared with induction efficiencies of the longer wavelengths 
that a r e genera l ly a s soc ia ted with phase shift but not usual ly with e i ther 
nucleic acid absorpt ion or photoreact ivat ion. Separa te avenues of phase 
shift induction may thus be employed by vis ible and by far u l t rav io le t rad iant 
energy within the ce l l . In the p r e l im ina ry specula t ions , the conspicuous 
in t ranuc lear and nucleolar(3,4) effects of far u l t rav io le t light should not go 
unnoticed. 

While l i t t le is known about the chenaistry or b iosynthes is of mat ing 
substance , the p resen t r e su l t s can be desc r ibed within the f ramework of 
the heur i s t i c scheme previously adopted for P a r a m e c i u m . U ) In that 
terminology, the t imes at which cel ls a r e m o s t sens i t ive to phase shift a r e 
those at the middle and end of the scotophilic phase, when mat ing-subs tance 
p r e c u r s o r is being synthesized and during the t ime jus t p r io r to the con­
ve r s ion of such p r e c u r s o r s to mat ing subs tance . 

Summary 

1. Phase shifts in ce l lu lar rhythmici ty in Parameciuna can be in­
duced by low doses of u l t rav io le t i r r ad ia t ion . 

2. Stages mos t sensi t ive to induction a r e the middle and late 
port ions of the scotophilic phase . 

3. Phase - sh i f t induction by UV is photorevers ib le by radiant 
energy from the vis ible region of the s p e c t r u m . 
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PROGRESS REPORT: COLONY-FORMATION INHIBITION OF A 
T5-RESISTANT VARIANT OF ESCHERICHIA COLI 

BY THE BACTERIOPHAGE T5 

Harold E. Bendigkeit and Herbe r t E. Kubitschek 

Two T 5 - r e s i s t a n t mutants of E . coli s t r a in B / l , t , designated E and 
L, were descr ibed in a previous report .(1) Studies have been under taken to 
de te rmine the na tu re of colony-formation inhibition of the L va r i an t by 
bacter iophage T5. 

The division r a t e s of E, L, and paren ta l s t r a i n s appear ident ical in 
the absence of T5. In the p resence of appropr ia te concentra t ions of T5, a 
growth inhibition of the L var ian t has been observed in both liquid and 
semisol id jaiedia. 

To a s say the inhibitory activi ty in semiso l id media , L cel ls a r e 
seeded in nut r ient agar in the p resence or absence of T5, and colonies a r e 
counted at 18 hr and again after 3 days ' incubation at 37°C. Colony counts 
do not i n c r e a s e after 3 days . Two effects a r e not iceable from the r e s u l t s : 

1. Inactivation. At concentra t ions g r e a t e r than 5 x lO ' T5 
p a r t i c l e s / m l t h e r e is a d e c r e a s e in colony counts m e a s u r e d 
at 3 days . The effect (Fig. 19) is dependent upon the con­
centra t ion of act ive T5. 

2. Delay in colony appea rance . With a s tandard inoculum of 100 L 
cel ls per pe t r i dish, all colonies a r e countable within 18 hr when 
T5 concentrat ions l e s s than l O y m l a r e used . At T5 concentra t ions 
g r e a t e r than 5 x 1 0 / m l no colonies appear at 18 hr , but all 
colonies have appeared by 3 days . 

In an effort to de te rmine whether the delay is caused by T5 pa r t i c l e s 
or by so3aae other component of the suspension obtained in T5 production, the 
concentra t ions of act ive T5 were a l t e red . T rea tmen t by heat , u l t rav io le t 
light, sonic vibrat ion, centrifugation, and adsorpt ion to sensi t ive bac te r i a 
were uti l ized separa te ly or in combinat ions . In a l l c a s e s , the inhibi tory 
activi ty of resul t ing suspensions was predic table d i rec t ly f rom the concen­
t ra t ion of act ive T5 remain ing (Fig. 20). Since this r e su l t is independent 
of the method of t r ea tment , it impl ies that the inhibi tory act ivi ty of T5 s u s ­
pensions r e s i d e s in the act ive T5 pa r t i c l e s , not in another component of the 
suspens ions . 
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TOXICITY OF Sr90 AND OF Ca^s IN MICE 

111= Effect of S r ' ° Upon Life Span and Neoplasms of Bone 
and the Blood-forming T i s sues 

Mir iam P . Finkel , Birute O. Bisk i s , and Ger t rude M. Scr ibner 

Prev ious r epo r t s in this s e r i e s concerning the study of the long-
t e r m toxicity of Sr'** in CF No. 1 female mice have desc r ibed the genera l 
pa t te rn of the exper iment and the r e su l t s during the f i r s t 300 days l l ) and 
have evaluated the data col lected by the 625th day after injection.C^) The 
exper iment was t e rmina ted at 1045 days , when the las t animal died. Anal­
yses of the morbidi ty data and some phases of the histopathologic s tudies 
have now been completed. 

Table 9 l i s t s the dose levels and gives the s ize of each group. 
An isotonic equi l ibr ium mixture of Sr ' ° and Y ' ° chlor ide , at pH 5-6, had 
been injected into a ta i l vein at the s t a r t of the exper iment . 

TABLE 9 

Dose levels and population s izes 

Group 

POX-1 
POX-2 
POX-31 

PO-1 1 
PO-2 
P O - 3 
P O - 4 
PO-5 
PO-6 
PO-7 
P O - 8 
PO-9 
PO-10 
P O P 

Total 

Number of 
an imals 

15 
30 

45 

30 
45 
45 
60 
75 
90 

105 
120 
150 
150 

960 

Injected dose 

total juc 

224 
168 

106 

50 
20.4 
10.2 

4.6 
2.0 
1.0 
0.21 
0.10 
0.029 
0 

| i c /g 

9.33 
7.0 

4.5 

2.2 
0.88 
0.44 
0.20 
0.088 
0.044 
0.0089 
0.0045 
0.0013 
0 

M expected re ta ined 
dose at 400 days 

(^ c/kg) 

1166 
875 

561 

275 
110 

55 
25 
11 

5.5 
1.1 
0.56 
0.16 
0 

The dosage was based on the average weight of the en t i re population of 
960 an imals , which had been complete ly randomized one week before 
injection. At high levels only a few animals were needed because the 



effects were expected to appear rapidly and be unequivocal; at low levels 
many animals were r equ i red because the effects were expected to appear 
late and be more difficult to recognize . It was intended that the highest 
dose r each or exceed the amount n e c e s s a r y to kill 50% of the population 
in 30 days (30-day LDsg) and that the lowest dose be so low that the t r ea t ed 
animals would be indist inguishable from the control animals (the indifference 
dose) . Originally, 4,5 | ic /g (group number PO-1) was the highest level ; 
P O X - 1 , 2, and 3 were added when this proved to be below the 30-day LD50. 
The l a s t column in Table 9 gives the average expected re ta ined doses 400 
days after injections at which t ime approximate ly 12.5% of the injected dose 
remains . (3) At 600 days , which was the average survival t ime of the con­
t ro l an imals , about 11% r e m a i n s . The lowest dose level thus resu l ted in a 
body burden that was roughly equivalent to 10 t imes the cu r r en t l y accepted 
maximum pe rmi s s ib l e level for personnel engaged in atomic ene rgy work, 
or to 100 t i m e s the level set for the genera l population. 

Survival 

The mor ta l i ty data a r e p resen ted as surviva l curves in F ig . 21 and 
as l i fe-expectancy curves in F ig . 22. In both f igures the 5 lowest dose 
groups have been combined in a shaded a r e a because the re were no con­
s is ten t differences among them, and curves of the i r individual values a r e 
an indist inguishable network of r e c r o s s i n g l ines . The control population 
had the highest percen tage of su rv ivor s through 700 days and demons t ra t ed 
the g r ea t e s t life expectancy through 350 days . 

Two re la ted quest ions of fundamental impor tance in evaluating the 
toxici ty of low levels of i r r ad ia t ion a r e whether the re i s a l inear r e la t ion­
ship between dose and effect and whether t he re i s a th reshold dose below 
which the re is no effect. Survival data can be examined from this point of 
view, as i l lus t ra ted in F ig . 23, where both the logar i thm of t ime to 50% 
mor ta l i ty and the logar i thm of the average survival t ime have been plotted 
agains t the loga r i thm of the dose . These two curves a r e ve ry s i m i l a r b e ­
cause ne i ther acute epidemic nor chronic infections, which can r e su l t in 
t e m p o r a r y high mor ta l i ty r a t e s among segments of the population, occu r r ed . 
Through 100 days the curves ref lect acute and subacute i r r ad ia t ion death; 
through 500 days they p r i m a r i l y ref lect death f rom t u m o r s . At levels below 
0.1 Mc/g the t r e a t e d an imals died, on the ave rage , sooner than the control 
an ima l s , but the i r deaths were not a s soc ia ted obviously with any pa r t i cu la r 
d i s e a s e . Although these t h r ee por t ions of the curve sepa ra t e ly may suggest 
l inea r i ty between dose and r e s p o n s e , the en t i re curve cannot be desc r ibed 
by a s imple l inear fimction. 

The second imiportant feature of F ig . 23 is the apparent t h re sho ld 
for the l i fe-shor tening effect at an injected dose of about 0.0005 fXc/g, which 
is roughly equivalent to 3.5 t i m e s the max imum p e r m i s s i b l e body burden 
for people engaged in a tomic energy work and 35 t imes that r ecommended 
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Figure 21. Survival after intravenous injection of Sr̂ *' (Y^®). Figure 22, Life expectancy after intravenous administration of Sr̂ ® (Y 

Figure 23. The median and mean survival times after intravenoiB 
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for the genera l population. As we speculate in this r ea lm , however , we 
must point out that, although the life shortening noted after the injection of 
0.044 jUc/g was so grea t that i ts probabil i ty of occurr ing by chance was only 
1 in 100, the life shortening noted after 0.0089 M<̂ /g» t^® next lower dose, 
was not significant (P = 0.1). The differences at the two lowest levels were 
even l e s s significant. A difference as smal l as that observed at the lowest 
dose would be significant at the 1% confidence level if it had been based upon 
1393 t r ea t ed animals compared with the same number of control an ima l s . 
The next point, at 0.0045 / ic /g , s imi l a r ly would requ i re 286 animals in each 
group for it to be cons idered to differ significantly. Thus , although a s t ra ight 
extension of the curve suggests an apparent th reshold at an injected dose of 
0.0005 Mc/g, a significant difference in life span was not seen below an in ­
jec ted dose of 0.044 / ic /g . 

Tumors of and around Bone 

One of the c h a r a c t e r i s t i c sequelae of poisoning with Sr'® is the ap ­
pearance of skele ta l t u m o r s . Since mouse bones a r e very smal l compared 
to the range of the ^ - r a y emit ted by the Y ' " daughter of Sr'*, it i s conceivable 
that in this species t u m o r s appear in t i s sues adjacent to bone as well . F o r 
example , a mouse femur is only about 1.5 m m in d iameter whereas the 
maximum range of the Y^^^- ray in t i s sue i s approximate ly 10 m m , and i ts 
average range is 1.2 m m . The incidence of an imals with var ious t u m o r s 
that might be a t t r ibuted to the isotope a r e tabulated in Table 10. The re 
was a pronounced assoc ia t ion of dose with both osteogenic s a r c o m a s and 
hemangioendothel iomas of bone m a r r o w and a suggested assoc ia t ion with 
epidermoid ca rc inomas of the o r a l cavity. F i b r o s a r c o m a s adjacent to bone 
and benign bony tumors were not influenced by rad ios t ron t ium except inso ­
far as the i r total incidence was dec rea sed at levels that resu l ted in marked ly 
d e c r e a s e d surv iva l t ime . 

Many animals had more than one osteogenic s a r c o m a , and mult iple 
t umors were the rule among those that had rece ived 0.44 jic/g or m o r e . 
As many as 13 t u m o r s were detected in one animal , and probably s e r i a l 
sectioning of the en t i re skeleton would r evea l many m o r e . The d i s t r ibu­
tion of t u m o r s among the animials of each dosage group was t e s t ed for 
r andomness by compar ing the obse rved frequencies of t u m o r s per mouse 
with a Po i s son dis t r ibut ion. A non-random dis t r ibut ion would indicate that 
ca ses of multiple t u m o r s were due e i ther to the sp read of a single tumor 
to other skele ta l s i tes or to the p resence of pa r t i cu l a r ly sens i t ive anim.als 
that responded with many t u m o r s ins tead of one. The observed frequencies 
fit the calculated frequencies so well that the t u m o r s appear to be randomly 
d is t r ibuted among the an ima l s . F o r th is r ea son it i s felt that the number of 
t u m o r s is a m o r e accura te s t a t i s t i c than the number of t u m o r - b e a r i n g 
an ima l s . 



TABLE 10 

Incidence of animals with tumors (%) 
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In F ig . 24 the dashed line plots the logar i thm of the total incidence 
of tumor-bear ing mice against the logarithin of the dose,' the solid line 
shows the average probabil i ty of dying with a malignant bone tumor . The 
la t t e r value is obtained by averaging the ra t ios "number of t umors to come 
per number of animals still a l ive ," calculated at 25-day in t e rva l s . The 
control values a re indicated by the horizontal dashed and solid l ines . As 
in the case of the survival data, the resul t ing dose - re sponse curves a re 
not l inear , and there is an apparent threshold below which the t r ea t ed 
animals a r e indistingxiishable from the control an imals . The lowest dose 
that resul ted in a significantly higher number of osteogenic s a r comas was 
0.044 fxc/g, the same level that resul ted in a significant difference in s u r ­
vival. At the next lower level (0.0089 Mc/g) the re were no malignant tumors 
of the bony t i s s u e s . 
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T u m o r s of the B l o o d - f o r m i n g T i s s u e s 

Ano the r f ami ly of neoplasmis o c c u r r i n g in the m o u s e tha t a r e 
in f luenced by i r r a d i a t i o n a r e t h o s e t h a t show c e r t a i n s i m i l a r i t i e s to t h e 
l e u k e m i a s of m a n . T h e s e t u m o r s have b e e n d e s i g n a t e d by a v a r i e t y of 
n a m e s , a m o n g which a r e m o u s e l e u k e m i a s , l y m p h o m a s , l y m p h o i d t u m o r s 
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d e c r e a s e d s u s c e p t i b i l i t y to c r i t i c i s m . In F i g . 25 the l o g a r i t h m of the 
m o r b i d i t y r a t e wi th t h e s e t u m o r s h a s b e e n p lo t t ed a g a i n s t t i m e . 
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It is at once evident that the untreated CF No. 1 female mouse displays a 
very high incidence of this d isease and that the morbidi ty ra te i nc r ea se s 
with age. It is also evident that the d i sease appeared ea r l i e r anaong the 
animals of the higher dosage groups (0.088 fic/g and above), but u n s c r a m ­
bling the resu l t s at lower levels is difficult. Since the impress ion was 
gained that i r rad ia t ion with Sr90 causes the d i sease to become manifest 
ea r l i e r than would occur natural ly , the data were examined from this point 
of view. In Fig. 26 the number of days from injection to the t ime when 20% 
of the population had died with tumors of the blood-forming t i s sues is 
plotted against the logar i thm of the dose. The control animals reached 
this 20% incidence 565 days after the beginning of the exper iment . The two 
lowest points on the curve a r e not significantly different from the control 
value; the point at 0.0089 jJ-c/g is significant at the 1% confidence level. 
This is one-fifth of the lowest dose that resu l ted in a significant difference 
in life span and in incidence of osteogenic s a r c o m a s . 

A plot of the percentage dec rea se in t ime to a 20% incidence of 
re t icu lar tumors cannot be descr ibed adequately by a s imple l inear func­
tion or by any of a number of mathemat ica l t r ans format ions . However, the 
th ree lowest values that a r e significantly different from the control value 
(at 0.088, 0.044, and 0.0089 jLic/g) do lie along a s t ra ight line (Fig. 27). 
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The values of the two lowest dose levels (at 0.0045 and 0.0013 ftc/g) which 
do not differ significantly from the control value, were examined to de te r ­
mine whether they fell within the s ta t i s t ica l range of an extension of 
this s t ra ight l ine. They were found to l ie outside of this range. Thus, these 
data indicate that a threshold dose mus t be exceeded before the re is a m e a s ­
urable change in the course of t umors of the blood-forming t i s s u e s . 

Discuss ion and Sximmary 

Many in teres t ing port ions of this exper iment have yet to be examined 
and evaluated, but analyses of the data concerning mor ta l i ty and morbidi ty 
with neoplasms of bone and blood-forming t i s sues a r e approaching com­
pletion. 

Neither the average life expectancy nor the t ime to 50% mor ta l i ty 
plotted against the dose r e su l t ed in curves that could be desc r ibed ade­
quately by a s imple l inear function. At the t h r ee lowest levels the differ­
ences in survival between the exper imenta l and the control populations were 
within the range of expected var ia t ion. A s ta t i s t ica l ly significant difference 
in life expectancy was not seen below an injected dose of 0.044 / ic /g ; this 
is roughly equivalent to a body burden of 350 / i c /man . 

The data on osteogenic s a r c o m a s s imi l a r ly failed to demons t ra te a 
l inear dose - r e sponse curve , and the number of such neoplasms among the 
3 lowest dosage groups fell within the control range . Thus life span and 
malignant tunaors of bone appear to be equally sensi t ive indicators of r a d i ­
ation damage. Neoplastic change of the blood-forming t i s s u e s , however, 
proved to be m o r e sensi t ive c r i t e r ion of injury. Although the total incidence 
of r e t i cu la r tumors was not marked ly influenced by rad ios t ron t ium, these 
neoplasms appeared e a r l i e r as the dose inc reased . The t ime requ i red to 
r each a 20% incidence was significantly shor t e r among the animals that had 
rece ived 0.0089 /xc/g than it was among the control an imal s . This injected 
dose resu l ted in a body burden of approximately 1 / ic/kg, which is roughly 
equivalent to 70 | i c / m a n . Below this level the t r ea t ed an imals were indis ­
t inguishable from the i r cont ro ls . 

Since it has not been possible to demons t ra te a l inear re la t ionship 
between dose and re sponse , the use of s t ra ight line extrapolat ions from 
f ragmentary data is contraindicated. In addition, the fact that t he re were 
no differences in life span or neoplasmiS of bone and blood-forming t i s sues 
among the control population and the groups that had received the lowest 
doses suggests that t he re is a threshold , and consequently a t rue "indiffer­
ence" dose, for pathologic change as m e a s u r e d in the total mammal i an 
organism. 
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XANTHINE CONCENTRATION AND XANTHINE OXIDASE 
ACTIVITY IN CHICKEN LIVER HOMOGENATES 

IN THE INITIAL POSTIRRADIATION PERIOD 

S. Phyll is S t e a m e r , Marga re t H. Sanderson, 
and Emily J . Chr is t ian 

In the init ial pos t i r rad ia t ion per iod, the act ively c i rculat ing blood 
volume in the chicken l iver dec r ea se s markedly . !^) The formation of u r i c 
acid from ammonia takes place ent i re ly in the l iver in this spec ies , and a 
significant dec rea se in functional activi ty may resu l t in accumulat ion of 
ammonia or in te rmedia te products in the conversion to u r i c acid. The 
m e a s u r e m e n t of the u r i c acid p r e c u r s o r s , xanthine and hypoxanthine, and 
the xanthine oxidase act ivi ty p re sen t in the l iver should give some insight 
into this aspec t of l iver function. 

We repor t h e r e the xanthine oxidase act ivi ty and xanthine concen­
t ra t ion in the l ive r s of no rma l and X- i r r ad i a t ed chickens . T h r e e - to 4-day 
chicks and 6-month-old r o o s t e r s were exposed to 1000 r and 1200 r of 
X - r a y s , respect ive ly , de l ivered at about 40 r / m i n . Bi rds were sacr i f iced 
4-5 hours after i r rad ia t ion to obtain l iver s a m p l e s . Hypoxanthine-xanthine 
concentrat ion and xanthine oxidase act ivi ty were de te rmined using the fol­
lowing p rocedure . Approximately 1 g of t i s sue was homogenized in cold 
phosphate buffer pH 7.3. Appropr ia te quantit ies of xanthine, xanthine oxi­
dase , a n d / o r buffer were added to 100-mg aliquots of homogenate and the 
volume made up to 4 m l . All suspension mix tu res were incubated with 
agitation at 40° C for 1 h r and the i n c r e a s e in u r i c acid concentrat ion 
m e a s u r e d . The amount of xanthine converted during the per iod of incuba­
tion indicates the amount of enzyme act ivi ty . On the other hand, accumu­
lation of hypoxanthine suggests e i ther insufficient xanthine oxidase activi ty 
or the lack of some in te rmedia te subs tance . 

Resul ts 

The l iver of both i r r ad i a t ed and noni r rad ia ted chickens contained 
excess xanthine oxidase act ivi ty and could readi ly convert additional xanthine 
to u r i c acid. Chick l iver showed a higher enzyme activi ty per g ram l iver 
t i s sue than did that of the r o o s t e r , and i r r ad ia t ion produced no significant 
change (Table 11). All l i ve r s contained some xanthine, indicated by an in­
c r e a s e in u r i c acid during the incubation per iod . The re was no difference 
between control and i r r a d i a t e d chicks and only a sma l l i n c r e a s e in i r r a d i ­
ated r o o s t e r s . The pos t i r rad ia t ion i n c r e a s e in u r i c acid concentrat ion in 
l iver and kidneys is re la ted to the i n c r e a s e in blood u r a t e concentrat ion 
that occurs at this t ime . 



TABLE 11 

Effect of X- i r rad ia t ion on xanthine oxidase activi ty 
and xanthine and u r i c acid concentrat ion 

Excess xanthine oxidase 
activity; rng of added 
xanthine converted to 
u r i c acid pe r g r a m of 
l iver 

Xanthine concentrat ion. 

m g / g l iver 

Ur ic acid concentrat ion: 

m g / g l iver 

nag/g kidney 

Chick* 

Control 

8.8 (4) 

0.737 (5) 

0.458 (5) 

0,731 (3) 

I r r ad i a t ed 

7.9 (5) 

0.734 (9) 

0.713 (9) 

10.507 (5) 

Roos te r* 

Control 

2.0 (3) 

0.267 (3) 

0.489 (3) 

0.736 (2) 

I r r ad i a t ed 

3.1 (4) 

0.395 (4) 

0.617 (4) 

1.474 (2) 

•Number of animals in each group is indicated in p a r e n t h e s e s . 

AH evidence indicates that t he re is no ea r ly radiat ion dis turbance 
of hepatic function for conversion of hypoxanthine to u r i c acid. Some h e ­
patic functions may be m o r e rad iosens i t ive , however , and accumulat ion of 
other in te rmedia te metabol i tes has not been invest igated. Poss ib l e r ad io ­
sensi t ive enzyme sys t ems in chicken l iver should a lso be cons idered . 
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PROGRESS REPORT: THE HOMOCYSTEINE 
TRANSMETHYLASE SYSTEM 

Stanley K. Shapiro and David A. Yphantis 

Prev ious r epo r t s have descr ibed the t ransmethyla t ion of homo­
cysteine with the nnethyl donors S-methyl -L-meth ionine and S-adenosy l -L-
m e t h i o n i n e . " ' ' In o rde r to gain some insight into the mechan i sm of 
t ransmethyla t ion , purification of the enzyme(s) was felt to be essen t ia l . 
To facil i tate this pro jec t a new method for the a s s a y of enzymatic activi ty 
has been developed. 

Assays a r e per formed by incubating a mix tu re of the enzyme, L-
homocyste ine and S-methyl -L-meth ionine (C '̂*H3) a t 35° C for a f ewminu tes . 
An aliquot i s placed on a shor t ion exchange column (2 X 0.5 cm of Dowex 
50 X 4) in Li form. The labeled subs t ra te (S-methyl -L-methionine) is r e ­
tained quantitatively on the column, while the labeled product of the react ion, 
methionine, may be col lected quantitatively by washing the column with smal l 
aliquots of dist i l led wa te r . The washings (1 ml ) a r e col lected in a polyethyl­
ene bot t le , sc int i l la tor fluid i s added, and the act ivi ty is m e a s u r e d in a sc in­
ti l lat ion counter . 

In pr inciple the method depends only on a s imple method to separa te 
quantitatively the labeled subs t r a t e f rom the labeled product . With our 
f o rmer a s s a y for methionine ^ •' a typical a s s a y r equ i red 5 to 6 h r s . With 
the u s e of this t r a c e r technique it i s now poss ib le to complete such an a s s a y 
in 15 min . The a s s a y may be made over 25 t imes as sensi t ive in the de te r ­
mination of enzymatic act ivi ty. 

Good yields of enzyme may be obtained in s eve ra l ways. Yeast 
cel ls or bac te r i a l cel ls d is rupted by sonic vibrat ion yield act ive e x t r a c t s . 
F o r the p repara t ion of l a rge batches of enzyme from b a k e r ' s yeas t , i t 
has been mos t convenient to suspend the cel ls in an equal volume of water 
and f reeze the suspension in liquid n i t rogen. The mix tu re i s then thawed 
rapidly, refrozen and again thawed. The supernatant of the centrifuged 
suspension s e r v e s as the crude enzyme sou rce . 

P a r t i a l purification of this crude ex t rac t has been accompl ished. 
After incubation for 1 h r with r ibonuclease the crude enzyme solution is 
centrifuged and dialyzed agains t a low concentrat ion of phosphate buffer. 
The solution is placed on a chromatography column of hydroxylapat i te at 
pH 6 .8 . ' ^ ' About 60% of the act ivi ty is r e cove red in a fraction assaying 
15-20 t imes the specific act ivi ty, based on prote in concentrat ion, of the 
crude enzyme. 
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THE METABOLIC RELATION BETWEEN ADENINE 
AND SULFUR AMINO ACIDS 

The Stability and Hydrolysis of S-Adenosylmethionine 

Leo W. P a r k s and F . Schlenk 

Recent improvements in the m.ethods for biosynthesis and isolation 
of S-adenosylmethionine ^^ • ' have s t imulated extensive exper imentat ion 
with this compound. Detailed information on i ts s tabil i ty under var ious 
biochemical conditions is a p r e r equ i s i t e to microbiologica l , nutr i t ional , and 
enzymatic r e s e a r c h involving this subs tance . Not only is it des i rab le to 
have an es t imate of the res idual amount of S-adenosylmethionine att any 
given t ime during an exper iment , but in many ins tances it i s n e c e s s a r y a lso 
to know what f ragments may a c c r u e . Er roneous r e su l t s may be su rmised , 
especial ly in microbiological s tudies with mutan t s , if the response to hy-
drolytic products is mis taken for an effect of the parent substance . Expe r ­
iments were c a r r i e d out, there fore , on the stabi l i ty of S-adenosylmethionine 
under the conditions of biological exper imenta t ion. Our study soon revea led 
that s eve ra l hydrolytic p r o c e s s e s occur s imul taneously . To gain insight 
into the conditions which favor individual r eac t ions , ex t r emes of pH and 
t empera tu re were included in this invest igat ion. The la t t e r phase of our 
work revea led convlitions for split t ing Daethionine from the molecule and 
for hydrolys is to adenine and a h i ther to unknown fragment, S - r ibosy lme-
thionine. Direct ions for p repara t ion and a descr ipt ion of some of the 
p rope r t i e s of this new compound a r e given. 

Our data extend the e a r l i e r observat ions of Cantoni, Baddiley, and 
Jainieson (3,4) QĴ  ^I^^ hydrolys is of S-adenosylmethioninei they observed 
the formation of adenine by acid hydrolys is and of methylthioadenosine and 
homoser ine by heat ing in neu t ra l solution. 

Methods and Resul ts 

The prepara t ion of S-adenosylmethionine from yeast , as well a^ 
suitable analyt ical techniques, have been descr ibed in our e a r l i e r r e ­
ports. '• '• '^/ , Minor details and modifications will be noted in connection 
with the experim.ents. Dimethyladenosylthetin and 5*-methylthioribose 
were synthesized from 5 ' -me thy l th ioadenos ine . (5 ' ° ' ' / 

Stability under physiological condit ions. The decline in the concen­
t ra t ion of S-adenosylmethionine (6 / iM/ml) under conditions resembl ing 
those of biochemical exper imentat ion was studied by incubation in 0.05 M 
phosphate buffer at 30" C in the p re sence of a smal l amount of toluene as 



a p rese rva t ive . Samples were withdrawn at in tervals for the determinat ion 
of res idual S-adenosylmethionine bymeans of a Dowex 50 column. 11) F ig . 28 

shows the r e s u l t s . The init ial pH values 
a r e specified; the gradual abolition of the 
sulfonium configuration, according to 
Ri(R2)S+R3+H20 • R1SR2 + R3OH + H+, 
gave an inc rease in acidity to pH 8.2, 7.0, 
and 6.0, respect ively . Pape r chromato­
graphic survey of simultaneous samples 
revealed the identity and approximate con­
centrat ion of split p roduc ts . The resu l t s of 
ul t raviolet scanning and ninhydrin t e s t s a r e 
l i s ted in Table 12. 

Observat ions of the m a t e r i a l incu­
bated at weakly alkaline react ion indicated 
a novel hydrolytic mechanism leading to 
methionine and adenine. To gain informa­
tion on this point an extension of the hydro­
lytic studies into the acid and alkaline 
range and a comparison with re la ted com­
pounds appeared des i rab le . 
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Fip. 28. Ttie destruction of 
S-adenosylmethiouiiie i'l bufler 
sohuions at "0° C. 

Acid hydrolys is . S-adenosylmethionine is ra ther stable in strong 
acids at low t empera tu re , v^i A comparison was made of i ts glycosidic 
bond with those of adenosine and 5 '-methylthioadenosine in 0.1 N HCl at 
100° C. Using the r e l ease of adenine as the c r i te r ion of hydrolys is , no 
str iking differences in the r a t e s of acid hydrolysis a r e apparent . 

TABLE 12 

Hydrolytic products of S-adenosylmethionine 

Products obtained 

S-Adenosylmethionine 
5'-Methylthioadenosine 
Adenine 
Homoser ine 
Methionine 

pH of hydrolysates 

6.0* 

+++ 
++ 
+ 

++ 
± 

7.0* 

± 
++ 
+ 
++ 
+ 

8.2** 

± 
+ 
++ 
+ 
++ 

•Incubation at 30° C for 96 h r . 
**Incubation at 30° C for 48 h r . 



A l k a l i n e h y d r o l y s i s . P a p e r c h r o m a t o g r a p h y of h y d r o l y s a t e s of S-
a d e n o s y l m e t h i o n i n e ob t a ined with 0.1 N NaOH a t the t e m p e r a t u r e of a boi l ing 
w a t e r ba th r e v e a l e d a d e n i n e a n d m e t h i o n i n e a s the m a i n p r o d u c t s ; t h e s e 
w e r e a c c o m p a n i e d by s m a l l e r a m o u n t s of h o m o s e r i n e , n a e t h y l t h i o a d e n o s i n e , 
m e t h y l t h i o r i b o s e and p r e s u m a b l y s o m e o t h e r sp l i t p r o d u c t s . When the 
h y d r o l y s i s was conduc t ed a t r o o m teaxipera ture only two p r o d u c t s of 
h y d r o l y s i s w e r e ev iden t . T h e iden t i f i ca t i on of a d e n i n e a n d the p r e s e n c e of 
only one o t h e r m a j o r sp l i t p r o d u c t s u g g e s t e d tha t the l a t t e r m i g h t be 
S - r i b o s y l m e t h i o n i n e . T h i s was c o n f i r m e d by the a n a l y s i s of e l u a t e s f r o m 
l a r g e s c a l e p a p e r c h r o m a t o g r a m s . 

C o m p a r i s o n with d i m e t h y l a d e n o s y l t h e t i n . The e x t r e m e l ab i l i t y of 
the g l y c o s i d i c bond in S - a d e n o s y l m e t h i o n i n e t o w a r d a l k a l i a p p e a r e d to be 
a s p e c i a l effect of the sr . l fonium conf igu ra t ion in the m o l e c u l e . In v iew of 
the nove l ty of th i s o b s e r v a t i o n , i t w a s d e s i r a b l e to ampl i fy the i n f o r m a t i o n 
on th i s po in t . A r e l a t e d compound , d i m e t h y l a d e n o s y l t h e t i n . 
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OH OH 

C — C — C — 

H H H 

C-

H 

H 

•c-
H 

+ GH3 
/ 

• S 
\ 

CH3 

( D i m e t h y l a d e n o s y l t h e t i n ) 

was a v a i l a b l e for th i s p u r p o s e . T h i s c o m p o u n d showed s e n s i t i v i t y to a l k a l i 
in a f a sh ion s i m i l a r to S - a d e n o s y l m e t h i o n i n e ( see F i g . 29) . A d e n i n e , which 
r e s u l t e d f r o m the h y d r o l y s i s , w a s r e a d i l y iden t i f i ed by p a p e r c h r o m a t o g r a p h y . 

ADENOSINE 

METHYLTHIOADENOSINE 

ADENOSYLMETHIONINE 
I I I 

30 60 

MINUTES 
90 

Figure 29. The splitting of adenine from S-adenosylmethionine, 
adenosine, and 5'-methylthioadenosine by 0.1 N NCI 
in a boiling watet bath. 

120 



Analys is and p r o p e r t i e s of S- r ibosy lmeth ion ine . S- r ibosylmeth ionine 
may be p r e p a r e d in high puri ty from S-adenosylmethionine by alkal ine hy­
dro lys i s under mi ld conditions.(7) No t r a c e s of adenine o r adenine de r iva ­
t ives can be found in the p repa ra t ions by paper chromatography or s p e c t r o ­
photomet ry . S-r ibosylmethionine is readi ly detected on paper c h r o m a t o g r a m s 
by the ninhydrin spray , while the plat inum iodide reagent(°*is l e s s sens i t ive . 
In bu tano l -wa te r - ace t i c acid (60:25:15, v /v ) the Rf is 0 .1 ; in e thano l -wa te r -
ace t ic ac id (65:34:1, v /v) the Rf is 0.35. 

CHO 
HCOH COOH 
HCOH HzNCH 
HCOH + GHz 

Grig — ' S ""—'—™~ Ctig 
CH3 

S - r i b o s y l m e t h i o n i n e 

T h e s t r u c t u r e of S - r i b o s y l m e t h i o n i n e i s i n f e r r e d m a i n l y f r o m t h e 
c o m p o s i t i o n a n d c o n f i g u r a t i o n of i t s p a r e n t s u b s t a n c e , S - a d e n o s y l m e t h i o n i n e , 
a n d f r o m the o b s e r v a t i o n t h a t u n d e r t h e h y d r o l y t i c c o n d i t i o n s s p e c i f i e d h e r e 
a d e n i n e i s t he on ly o t h e r p r i n c i p a l f r a g m e n t . U n f o r t u n a t e l y , S - r i b o s y l m e t h i ­
on ine p r o v e d r e f r a c t o r y to i s o l a t i o n in t he d r y o r c r y s t a l l i z e d s t a t e . T h u s 
i t b e c a m e n e c e s s a r y to e s t a b l i s h a m e a s u r e of t he c o n c e n t r a t i o n of t h e c o m ­
pound in s o l u t i o n by a s u i t a b l e a n a l y t i c a l t e s t . U l t r a v i o l e t s p e c t r o p h o t o m e t r y , 
which s e r v e s fo r t h i s p u r p o s e in e x p e r i m e n t a t i o n wi th S - a d e n o s y l m e t h i o n i n e , 
c a n n o t be u s e d fo r l a c k of a s p e c i f i c l i g h t - a b s o r b i n g g r o u p in t h e m o l e c u l e of 
S - r i b o s y l m e t h i o n i n e . P e n t o s e d e t e r m i n a t i o n by t h e o r c i n o l r e a g e n t w a s 
found to s e r v e a s m e a s u r e of the c o n c e n t r a t i o n of S - r i b o s y l m e t h i o n i n e , p r o ­
v i d e d t h a t t h e i d e n t i t y a n d u n i f o r m i t y of t he p r o d u c t a r e a s c e r t a i n e d by c o n ­
c o m i t a n t p a p e r c h r o m a t o g r a p h y . 

A p r e p a r a t i o n of S - r i b o s y l m e t h i o n i n e , f r o m w h i c h a d e n i n e h a d b e e n 
r e m o v e d , c o n t a i n e d 7.8 jLtM/ml a s d e t e r m i n e d by t h e o r c i n o l r e a c t i o n . H y ­
d r o l y s i s of 1 m l a t pH 5.3 fo r 30 m i n a t 100° C y i e l d e d 7.2 / iM m e t h y l t h i ­
o r i b o s e \') a n d 8.5 /iM h o m o s e r i n e . ' ' ^ / E x p e r i m e n t s wi th L - a m i n o a c i d 
o x i d a s e ^ / s h o w e d t h a t 11.0 /iM of t h e p r e p a r a t i o n w a s i n e r t a s a s u b s t r a t e 
w h i l e m e t h i o n i n e w a s o x i d i z e d a l m o s t c o m p l e t e l y . H e a t i n g in 0.1 N N a O H 
d e s t r o y e d t he s u l f o n i u m g r o u p a n d p r o d u c e d m e t h i o n i n e in 65% y i e l d a s 
d e t e r m i n e d b y the a m i n o a c i d o x i d a s e technique . ! -^) 

D i s c u s s i o n 

It m a y be a s s u m e d f r o m o u r d a t a t h a t t he l o s s of S ' - a d e n o s y l m e t h i o n i n e 
c a u s e d by i t s c h e m i c a l l a b i l i t y r e m a i n s s m a l l d u r i n g t he s h o r t p e r i o d s of 
i n c u b a t i o n in e n z y m a t i c s t u d i e s . In n u t r i t i o n a l a n d m i c r o b i o l o g i c a l i n v e s t i ­
g a t i o n s t he l a b i l i t y m a y b e a c o m p l i c a t i n g f a c t o r , a n d in a l l t y p e s of e x p e r i ­
m e n t s i n v o l v i n g i n t a c t c e l l s , t i s s u e h o m o g e n a t e s , o r c r u d e e n z y m e p r e p a r a t i o n s , 
t he a d d i t i o n a l r a p i d e n z y m a t i c d e s t r u c t i o n h a s to be c o n s i d e r e d . 



The e x p e r i m e n t s on h y d r o l y s i s a r e i l l u s t r a ­
t ed in F i g . 30, in which v a r i o u s m o d e s of sp l i t t i ng 
a r e i n d i c a t e d . The e a r l i e r observat ions l -^>^/ on 
the f o r m a t i o n of m e t h y l t h i o a d e n o s i n e and h o m o ­
s e r i n e (sp l i t A) h a v e been c o n f i r m e d ; h e a t i n g a t 
p H > 4 o r in n e u t r a l so lu t ion for 30 m i n g ives n e a r l y 
quan t i t a t i ve r e s u l t s . M o r e r i g o r o u s t r e a t m e n t wi th 
a c i d l e a d s to f u r t h e r d e g r a d a t i o n of m e t h y l t h i o a d e n ­
o s i n e (spl i t B) r e s u l t i n g in a d e n i n e and m e t h y l t h i -

Fig. 30. Various ways of o r i b o s e . 
hydrolysis of S- adenosyl­
methionine. A discussion , , , •, •. ^ 
is given in the text. Meth ion ine can be ob t a ined by b r i e f h e a t i n g 

in a l k a l i (spl i t C); we h a v e not b e e n a b l e to d e t e c t 
a d e n o s i n e which would be the o t h e r f r a g m e n t e x p e c t e d f r o m th i s s p l i t . 
C o n t r o l e x p e r i m e n t s with a d e n o s i n e , h e a t e d with a l k a l i u n d e r the s a m e con ­
d i t i o n s , p r o v e d i t s s t a b i l i t y . T h e r e f o r e , a d e n o s i n e cou ld no t be c o n s i d e r e d 
a s a p r o d u c t n o r a s an i n t e r m e d i a t e compound in the a l k a l i n e h y d r o l y s i s 
of S - a d e n o s y l m e t h i o n i n e . The quan t i t a t i ve f o r m a t i o n of a d e n i n e by a l k a l i 
s u g g e s t e d tha t sp l i t B p r e c e d e s sp l i t C. T h i s h a s been c o n f i r m e d by a l k a ­
l ine h y d r o l y s i s a t low t e m p e r a t u r e . U n d e r t h e s e c o n d i t i o n s , sp l i t C b e ­
c o m e s neg l ig ib l e c o m p a r e d with B ; a d e n i n e a n d S - r i b o s y l m e t h i o n i n e a r e 
f o r m e d . T h e d e s i g n a t i o n of the l a t t e r p r o d u c t a s S - r i b o s y l m e t h i o n i n e i s 
b a s e d on the fol lowing o b s e r v a t i o n s ; p r e c i p i t a b i l i t y and c h r o m a t o g r a p h i c 
b e h a v i o r a s an en t i ty , the o r c i n o l r e s p o n s e c h a r a c t e r i s t i c of p e n t o s e s , a l ­
ka l i ne h y d r o l y s i s l e ad ing to m e t h i o n i n e with d e s t r u c t i o n of the p e n t o s e , 
sp l i t t i ng by weak a c i d to m e t h y l t h i o r i b o s e a n d h o m o s e r i n e , and the i d e n t i ­
f ica t ion of t h e s e compounds by p a p e r c h r o m a t o g r a p h y . The su l fon ium 
c h a r a c t e r i s i m p l i e d f r o m the s t r u c t u r e of the p a r e n t c o m p o u n d w h o s e 
c h a r a c t e r i s t i c s of s t a b i l i t y a n d h y d r o l y t i c b e h a v i o r a r e r e t a i n e d in the 
m o l e c u l e . L i k e o t h e r su l fon ium c o m p o u n d s , S - r i b o s y l m e t h i o n i n e i s r e s i s ­
t an t to a m i n o a c i d o x i d a s e . 

The e x t r e m e l ab i l i t y of the g l y c o s i d i c bond in S - a d e n o s y l m e t h i o n i n e 
h a s no ana logy in r i b o s e n u c l e o s i d e a n d n u c l e o t i d e c h e m i s t r y with the e x -

fi n 
c ep t i ono f the n i c o t i n a m i d e r i b o s e l i n k a g e i n the n i c o t i n a m i d e n u c l e o t i d e s : ^ ' 
h e r e , the p y r i d i n i u m n i t r o g e n c h a n g e s to the t r i v a l e n t s t a t e when n i c o t i n ­
a m i d e i s l i b e r a t e d by a l k a l i . It was s u r m i s e d a t f i r s t t ha t , by an i n t r a ­
m o l e c u l a r r e a r r a n g e m e n t of S - a d e n o s y l m e t h i o n i n e , the m e t h y l g r o u p m i g h t 
be sh i f ted f r o m the sul fur a t o m to n i t r o g e n a t o m 9 of the a d e n i n e with r e ­
su l t an t l a b i l i z a t i o n of the f l ycos id i c bond. H o w e v e r , 9 - m e t h y l a d e n i n e and 
S - r i b o s y l h o m o c y s t e i n e would then be e x p e c t e d a s f r a g m e n t s ; t hey w e r e 
not found in o u r h y d r o l y s a t e s . In v iew of the s t a b i l i t y of a d e n o s i n e and 
m e t h y l t h i o a d e n o s i n e t o w a r d a l k a l i , i t b e c a m e c l e a r tha t t h e p r e s e n c e of the 
su l fon ium g r o u p in S - a d e n o s y l m e t h i o n i n e m u s t be r e s p o n s i b l e for the l a ­
b i l i t y of the a d e n i n e r i b o s e l i nkage in a l k a l i n e m e d i u m . Conf idence in t h i s 
concep t was ga ined by the o b s e r v a t i o n of a l m o s t i d e n t i c a l b e h a v i o r of the 
r e l a t e d su l fon ium compound , d i m e t h y l a d e n o s y l t h e t i n . Such an effect of t h e 



sulfonium group on a linkage which is removed by severa l in te ra tomic bonds 
from the activating site has not been observed before . It is noteworthy that 
the construction of a molecular model of S-adenosylmethionine shows prox­
imity of the sulfonium group to the glycosidic bond. F u r t h e r m o r e , a sea rch 
of the l i t e r a tu re on sulfonium compounds revealed a somewhat re la ted ob-
servat ion by Rydon and his coworkers.^ ' They found that 2-aroyloxyethyl-
dimethylsulfonium compounds readi ly undergo alkaline fission, mainly as 
follows: 

Ar.C02CH2CH2S+(CH3)2 + NaOH fc-Ar. C02Na + HOCH2CH2S+(CH3)2 . 

To a l e s s e r extent i r r e v e r s i b l e hydrolys is occur red : 

Ar.C02CH2S+(CH3)2 + NaOH — • Ar.COzNa + HOCH2CH2S+(CH3)2 . 

In S-adenosylmethionine the attack is on a C - N bond ra the r than a C - O 
bond, and the split is predominantly of the i r r e v e r s i b l e hydrolytic type. 
Splitting of S-adenosylmethionine by enzyme action at si te D and site E^^'-^^) 
has been observed (see Fig . 30). No analogous chemical hydrolyses have 
been detected in our s tudies . 

The authors wish to acknowledge the technical a s s i s t ance of 
Mrs . S. Stanford. 
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THE BIOSYNTHESIS OF S-ADENOSYLMETHIONINE 
BY YEAST MUTANTS 

I The Adenine Requirement for Synthesis 

Irving Yall 

S-Adenosylmethionine* has been foiuid to be synthesized in good 
yield by var ious common yeas ts such as Torulopsis uti l is and Saccharo-
myces cerevisiae.l-^/ The a im of this project was to t es t s t r a ins of yeas t 
that a r e good AM producers but that r equ i re one or m o r e of the AM con­
st i tuents for growth, in o rde r to de te rmine the pathways of AM formation 
within the cell . 

Mate r ia l s and Methods 

The organ ism used was an adenine- or hypoxanthine-requir ing pink 
mutant ( s t ra in SC-10-80-3-5) of S_. ce r ev i s i ae .** The inoculum was p r e ­
pared by growing the yeas t on a r o t a r y shaker for 24 hr in 30 ml of the 
synthetic medium of Roman,l*^/ contained in 125-ml e r l enmeyer flasks at 
about 27°C. The cel ls were harves ted by centrifugation, washed twice in 
s t e r i l e isotonic sal ine and resuspended in sa l ine . The suspensions were 
used to inociilate 100 ml of the synthetic medium contained in 500-ml e r ­
lenmeyer f lasks . F o r the growth exper iments the medium was made up 
without adenine. The growth factor to be tes ted and L-miethionine 
(4 ptM/ml) were added. The cells were allowed to grow in this medium 
for 40 hr , with shaking, at 27*0. The yield of cells was m e a s u r e d by dry 
weight determinat ion. The amount of AM formed was de termined by the 
Dowex 50 method of Schlenk and DePalma.^-^z The r eve r s ion ra te of this 
mutant was quite low in that no growth was observed in flasks of synthe­
tic medium without e i ther adenine or hypoxanthine after 7 days of 
incubation. 

All the supplements used in this study, except where o therwise 
specified, were obtained from the California Foundation for Biochemical 
Resea rch , Los Angeles. The AM and MTA were p r epa red in this l abora ­
tory and were purified by chromatographic methods . Hypoxanthine-2 C^ 
and adenosine-8 C were obtained from Schwarz L a b o r a t o r i e s , Inc. , 
Mount Vernon, New York. 

*Abbreviations used: S-adenosylmethionine, AM; methyl thioadenosine, 
MTA; inosinic acid, IMP; adenylic acid, AMP; adenosine t r iphosphate , 
ATP; adenosine diphosphate, ADP. 

**Kindly furnished by Dr. F . P . Hungate, General E lec t r i c Co. , Richland, 
Washington. 



Exper imenta l 

F igure 31 shows the effect of varying concentrat ions of adenine, 
ranging from 1 to 10 /XM/IOO ml of medium, on growth and on AM produc­
tion of the organism. It appears that within the range of adenine concen­
trat ion t r ied , no minimal amount of adenine is needed for AM production 
when an excess of L-methionine is present . If the re is sufficient adenine 
to support growth, some of it is diverted to the synthesis of AM. 
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Table 13 shows the effect of var ious supplements substituted for 
adenine on growth and AM production of the organism. Of the compounds 
t r ied , only hypoxanthine and AM itself supported grov/th. That hypoxanthine 
was used for the production of AM was shown by the ul t raviolet absorption 
spec t rum of the isolated compound v/hich showed a maximum at 260 m,a in 
neutral solution; other t e s t s confirmed its identity v/ith AM. 

When the mutant was allowed to metabol ize hypoxanthine-2 C , 
radioactive AM was obtained in good yield. 

In view of the possibi l i ty that adenosine might not enter the cell in 
sufficient quantity to allov/ growth to take place, studies were made to de­
te rmine whether adenosine-8 C^* (at the level of 10 jiM/lOO inl of medium) 
was capable of penetrat ing into the cells of the parent s t ra in SC-10 during 
growth. Approximately 30% of the a.denosine-8 C originally introduced 
disappeared from the medium after 40 hr of cell growth. This amount 
would be sufficient for growth of the adenine-requi r ing mutant if adenosine 
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could be used as a substi tute for adenine. There i s , of cou r se , the poss ib i l ­
ity that the cell permeabi l i ty of the mutant may differ from that of the paren t 
s t ra in . 

Table 13 

Effect of supplements on growth and AM production 
of s t ra in SC-10-80-3-5 

Total AM 
production. 

juM 

3.30 
3.18 
0 
0 
0 
0 
0 
0.66 
0 
0 
0 

AM production, 
jj. M / S O mg 
dry weight 

2.36 
2.12 
0 
0 
0 
0 
0 
1.88 
0 
0 
0 

Supplement* 

Adenine 
Hypo xanthin e 
Adenosine 
AMP 
ADP 
ATP 
MTA 
AM 
Guanine 
Xanthine 
None 

Inc rease in 
dry weight. 

m g 

70.0 
75.4 

0 
0 
0 
0 
0 

17.5 
0 
0 
0 

*A11 supplements were at the level of 10 pM/lOO ml of medium; 
400 juM of L-methionine were added to each flask. The o rgan i sms 
were allowed to grow for 40 hr . 

Discuss ion 

The fact that nei ther guanine nor xanthine could subst i tute for adenine 
or hypoxanthine indicates the absence of the purine t ransformat ion reac t ion 
of Abrams and Bent ley^^ and Gehrig and Magasanik.^"'/ The abil i ty of AM 
to se rve as a growth factor may indicate the p r e sence of an enzyme sys tem 
capable of split t ing the aden ine- r ibose linkage in the AM molecule to yield 
adenine and S-r ibosylmethionine. Excluding considera t ions of permeabi l i ty , 
the o rgan i sm does not seem to be able to split the aden ine- r ibose linkage of 
adenosine or MTA. P a r k s and Schlenk^ ' have .found that AM at a pH of 
approximately 9 will split readi ly to form adenine and S-r ibosylmethionine , 
while MTA and s imi l a r compounds will not. It is poss ible that the s t r a in 
inherent in the configuration of the AM inolecule is sufficient to pe rmi t some 
specific sys tem in the o rgan i sm to split off adenine although it is unable to 
cleave the l inkages in re la ted compounds. 



A pathway from hypoxanthine to AM which would avoid the adenosine 
step might involve adenylosuccinic acid. C a r t e r and Cohem' ) have purified 
an enzyme from yeast which converts adenylosuccinic acid to AMP and 
fumaric acid. 

Hypoxanthine *- IMP • - adenylosuccinic acid 
+ a spa r t i c acid 

AMP ^ ATP 
adenylo sue c inas e 

The A T P formed would p resumably condense with methionine in the react ion 
of Cantoni^ '' to form AM. 

It is poss ible that this organisan conver ts adenine to hypoxanthine, 
which then goes through the react ion descr ibed above. 

References 

1. Schlenk, F . and R. E. DePa lma . The formation of S-adenosylmethionine 
in yeas t . J. Biol. Chem. 229:1037-1050 (1957). 

2. Roman, H. L. A jys te in select ive for mutat ions affecting the synthesis 
of adenine in yeast . Compt. rend. Lab. C a r l s b e r g , Ser . physiol . 
_26:299-314 (1956). 

3. Schlenk, F . and R. E. DePa lma . The prepara t ion of S-adenosylmethio­
nine. J. Biol. Chem. 229:1051-1057 (1958). 

4. A b r a m s , R. and M. Bentley. Transformat ion of inosinic acid to adenyl­
ic and guanylic acids in a soluble enzyme sys tem. J. Am. Chem. Soc. 
17:4179-4180 (1955). 

5. Gehrig, L. B. and B. Magasanik. Biosynthesis of nucleic acid guanine: 
The enzymic convers ion of inos ine-5 ' -phospha te to xan thos ine -5 ' -
phosphate. J. Am. Chem. Soc. 27:4685-4686. (1955). 

6. P a r k s , L. W. and F . Schlenk. The stabi l i ty and hydrolysis of S-adenosyl­
methionine; isolat ion of S-r ibosylmethionine . J. Biol. Chem. , in p r e s s . 

7. C a r t e r , C. E. and L. H. Cohen. The p repara t ion and p rope r t i e s of ade-
nylosuccinase and adenylosuccinic acid. J. Biol. Chem. 222:17-30 
(1956). 

8. Cantoni, G. L. Synthesis and t r ans fe r of the labi le miethyl group, in 
McElroy, W. D. and B. Glass , Phosphorous Metabol ism, Vol. 2, 
p . 129-152. Johns Hopkins Univers i ty P r e s s , Ba l t imore (1952). 



S-ADENOSYLMETHIONINE AS A GROWTH FACTOR SUBSTITUTE 
FOR AN ADENINE-REQUIRING YEAST MUTANT 

Irving Yall 

It has been repor ted( l ) that an adenine- or hypoxanthine-requir ing 
mutant of Saccharoimyces ce rev i s iae (s t ra in SC-10-80-3-5) is able to grow 
in the p r e s e n c e of S-adenosylmethionine (AM) without an additional pur ine 
supplement. This paper r epo r t s a s e r i e s of exper iments per formed with 
AM labeled in var ious posi t ions , which were intended to show how this com­
pound is util ized by the o rgan ism. 

Mater ia l s and Methods 

S-Adenosylmethionine-S^^ was p r epa red as follows. Active dry yeas t 
(Fleischmann, 250 mg) was placed in 100 ml of 0,2 M_ phosphate buffer in a 
500 ml e r l enmeyer flask and shaken at a t e m p e r a t u r e of about 28° C for 
about 16 hr . Following the per iod of s tarvat ion , 15 g of glucose, 400 /iM of 
L - a s p a r t i c acid, and approximately 1 mi l l i cur ie of Na2S O4 were added to 
the flask. Ster i le techniques were not used. The cel ls were shaken and 
after 24 hr were harves ted by centrifugation and washed twice with cold d i s ­
ti l led water . The cel ls were extracted with pe rch lo r i c acid and the AM-S 
was isolated and purified by the p rocedure of Schlenk and DePalma.(2) 
Approximately 100 m i c r o c u r i e s of AM-S^^ were obtained by this p rocedu re . 

S-Adenosylmethiomne-2-C was obtained by allowing the o rgan i sm 
to metabol ize hypoxanthine-2-C * and isolat ing the resul t ing labeled AM| 
AM(C^*H3) was obtained by adding methionine (C^^Hg) as the AM inducer.(3) 
The conditions for growth of the o rgan i sms were as descr ibed previously,(1) 

Exper imenta l 

The r e su l t s obtained when s t r a ins SC-10 (the pa ren t s t ra in) and 
SC-10-80-3-5 w e r e exposed to labeled AM, with or without 400 /iM of 
L-methionine , a r e p resen ted in Table 14, 

The adenine- or hypoxanthine-requir ing mutant ut i l izes AM readi ly 
as a substi tute for these growth factors both in the p r e s e n c e and absence 
of excess L-methionine althoughj in the p r e s e n c e of excess methionine, 
some AM rema ins intact . That the complete molecule i s re ta ined is i n ­
dicated by the fact that molecules ini t ial ly labeled in the adenine por t ion, 
the methyl group, and the sulfur of the methionine port ion of the molecule 
were r ecovered with the or iginal specific ac t iv i t i es . 



TABLE 14 

Effect of L-methionine on the util ization of S-adenosylmethionine 
by s t ra ins of Saccharomyces ce rev i s iae 

Organism 
s t ra in 

SC-10 

SC-10-
80-3-5 

SC-10-
80-3-5 

SC-10-
80-3-5 

AM 
introduced, 

AM-S»* 
8.5 

AM-S*' 
3.6 

A M - C " H J 

7.1 

AN-2-C'* 
4.1 

Specific 
activity 
of AM 

introduced, 
c p m / p M 

47,000 

56,000 

11.500 

67,000 

AM recovered , /i M 

No methionine 
added 

0.51 

0.35 

0.37 

0.32 

Methionine 
added 

4.25 

0.70 

0.57 

0.60 

Specific activity of AM 
recovered , cpm/jLtM 

No methionine 
added 

50,000 

7,500 

_* 

Methionine 
added 

14,000 

56.300 

12,500 

65,000 

*No detectible activity. 

The parent s t ra in , with no purine requ i rement , also ut i l izes the 
AM-S readi ly . Without excess L-methioninej it will re ta in some of the 
original AM, and it does not synthesize any additional amounts . In the 
p resence of excess L-methionine, the organism will synthesize additional 
AM as shown by the dec rease in specific activity of the re isola ted AM-S^^, 

The fate of Ŝ ^ resul t ing from the breakdown of AM-S'^ by the 
mutant o rgan isms depends on whether excess L-methionine is p resen t . 
In the exper iments conducted in the absence of excess L-methionine, a 
considerable port ion of the Ŝ ^ was incorporated into the cel lular const i tu­
ents . In the p resence of excess L-methionine, mos t of the S was con­
ver ted to inorganic sulfur. 

Discussion 

Since AM substi tutes for the adenine or hypoxanthine requi rement 
of the mutant, it was anticipated that the organism might possess a s y s ­
tem capable of splitting AM to adenine and S-r ibosylmethionine, as has 
been shown to occur in vitro at pH 9 by P a r k s and Schlenk.(4) Previous 
data(l) have shown that if sufficient adenine is p resen t to permiit growth 
(0.01-0,1 /iM adenine/ml) , then some of i t is diverted towards the p roduc­
tion of AM, provided that excess L-methionine is p resen t . Since the r e -
isolated AM had the same specific activity as that originally introduced, 
no additional AM could have been synthesized during the period of cell 
growth. It is possible that the AM is supplying a factor other than adenine. 
A second possibi l i ty is that the AM equil ibrium within the mutant cell is 
such that, when AM is supplied as a growth factor , enough remains intact 



within the cell to r e v e r s e the equi l ibr ium of formation and thus to prevent 
the de novo synthesis of AM| hence the available adenine (split from the 
AM) is diverted toward other cel lular p r o c e s s e s . Both of these poss ib i l i ­
t ies a r e being invest igated. 
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ELECTRONIC COUNTING AND SIZING OF BACTERIA 

Herber t E. Kubitschek 

The Coulter counter , designed for red blood ce l l s , has been modi­
fied to count and size bac te r i a . This has been accomplished by the con­
struct ion of an aper tu re 10 /i in d iameter in a g lass sheet about 50 jU thick, 
and by the addition of an electronic c i rcui t to allow di rec t counting of the 
num.ber of bac te r ia within a na r row size range (differential analyzer) . With 
the 10-/i ape r tu re the counter will count and size nonconducting pa r t i c l e s 
with volumes between 0.25 [i^ and 4 t^^. L a r g e r ape r tu re s will count c o r r e ­
spondingly l a rge r pa r t i c l e s . 

The passage of a par t ic le through the ape r tu re should generate an 
e lec t r ic pulse height proport ional to the volume of the bac te r ium. This 
re la t ion is under study with the use of graded polystyrene latex sphe re s . 
F igure 32 shows approximate l inear i ty in a p re l imina ry measurem.ent 
using 1.17-/i sphe re s . The th ree peaks correspond to pulse heights ob­
served when one, two, and three pa r t i c l e s , respect ive ly , a r e within the 
ape r tu re . At low counting r a t e s , the resolut ion of the counter is about 5% 
for 1-H pa r t i c l e s . 
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3-AMINO-l ,2,4-TRIAZOLE 

VII. Effect on Liver Catalase of Repeated Injections of Anainotriazole, 
and of Aminotr iazole in the Drinking Water 

Robert N. Feins te in 

For r easons to be d iscussed in la te r r e p o r t s , it was des i red to 
maintain a prolonged low level of l iver ca ta lase activity in micei 3 -amino-
152,4-triazole (AT), which has been shown(l-3) to lower the l iver ca ta lase 
activity of animals precipi tously, seemed most suitable. The AT was 
adminis tered in two ways: (a) by repeated in t raper i toneal injections, and 
(b) by solution in the sole source of drinking wate r . The la t t e r is far 
more des i rable because of ease of adminis t ra t ion to la rge numbers of 
animals and, more important , because a more even intake should a s s u r e 
a m o r e constant, low level of ca ta lase activity. The ser ious difficulty has 
a r i sen , however, that mice strongly re ject solutions of AT even m o r e 
dilute than 0.5%, a concentration at which the tas te of the solute is ba re ly 
detectable to the human t a s t e r . 

Fluid consumption decreased from an average of approximately 
0.25 ml of water per mouse per hour to an average of 0.11 ml of 0.5% AT. 
During a 7-day per iod, 20 mice drinking water averaged a loss of body 
weight of 0.2 g r a m s , while 20 mice drinking the AT solution averaged a 
loss of 2.9 g r a m s . In longer exper iments with smal le r numbers of mice , 
it became apparent that mice would die (presumably of dehydration) r a the r 
than drink more of the AT solutions. A wide var ie ty of flavors and sea ­
sonings has been tes ted in an attempt to mask the unfavorable tas te i none 
has been completely successful . 

It is of in te res t that even with the low consumption of AT, effects 
on l iver ca ta lase a r e significant, as indicated by Table 15. Unfortunately, 
however, l iver cata lase level is so nonspecific as a p a r a m e t e r that we 
cannot be sure the dehydration itself was not at l eas t par t ia l ly responsible 
for the drop in enzyme activity. 

Int raper i toneal AT, in ra ts ( ls2) at 1 g/kg and in m,ice(3) at 
2.25 g/kg, has been shown to have at leas t one very consistent effect in 
repeated exper iments ! 24 hr after adminis t ra t ion , the l iver ca ta lase has 
re turned to approximiately 35% of the normal value. An at tempt was t h e r e ­
fore made to attain a constant level of l iver ca ta lase activity no higher than 
th is , by repeated injection of the agent. 

F igure 33 indicates that the effect of repeated injections of AT is not 
cumulative I l iver ca ta lase is affected according to the t ime and dose of the 
las t injection, at leas t under the conditions of t ime and dosage employed. 



TABLE 15 

Effect of o ra l injection of 3 -amino- l , 2 ,4 - t r i azo le (AT) 
on l iver ca ta lase activity of mice 

Drinking 
fluid 

H2O 

0.5%AT 

Average 
consumption, 
m l / m o u s e / h r 

0,25 

0.10 

Liver ca ta lase , pe rbora te un i t s /g 

at 3 days 

814 ±62 

185 ±40 

at 8 days 

857 ±62 

236 ±19 

F igures for liquid consumption a r e based on groups of 14-20 CF 
No, 1 ^ mice , initially averaging 28.9 g in weight. Three mice 
were sacrif iced from each group for each set of cata lase a s says , 
Catalase data a r e mean and average deviation from the mean. 
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Figure 33. Effect of repeated intraperitoneal injection 
of 3-amino- l ,2 ,4- t r iazole (AT)on liver 
catalase of mice. Large arrows iudicate 
injection of 1000 mg/kg; small arrows in­
dicate injection of 200 mg/kg. Each point 
represents the average of three individual 
mouse livers. 
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3-AMINO-l ,2,4-TRIAZOLE 

VIII. Differential Effect on the Cata lase of Ery th rocy tes and of Liver 

Robert N. Feins te in 

It was demonst ra ted by Heim, Appleman, and Pyfrom,l-"-) and l a te r 
confirmed(2.3) that the injection of 3 - amino- l , 2 ,4 - t r i azo l e (AT) r e su l t s in 
a s tr iking reduction of the ca ta lase activity of the l iver and other solid 
t i s sues , but not that of the ery throcyte . As pointed out by Heim et al. ,(1) 
this observat ion is of par t i cu la r in te res t because the effect is the same 
as that produced by the growth of a tumor.(3,4) An explanation of the dif­
ferential effect in the case of injected AT may therefore be of in te res t as 
a possible explanation of the para l le l phenomenon in the case of tumor 
growth. 

Methods and Resul ts 

Cata lase was assayed by the pe rbora te method;(5) in the case of 
solid t i s sues , this was done on whole homogenates . The AT was analyzed 
by a method recent ly descr ibed elsewhere.(6) Animals were CF No. 1 fe­
male mice and male Maguran r a t s . They received a s tandard labora tory 
diet ad libitumi. The AT was p repa red from a commerc ia l product and 
purified before use . 

It has been found (Table 16) that AT reduces the ca ta lase activity 
of l iver homogenates upon incubation and also reduces the cata lase activity 
of blood cel ls which have been laked by the addition of water , but it does 
not reduce the ca ta lase activity of packed blood cells suspended in isotonic 
sal ine. 

TABLE 16 

In vitro effect of AT on liver and erythrocyte catalase 

Tissue 

Mouse liver 

Rat blood cells 

Rat blood cells 

Treatment 

Homogenized with water 

Laked with water 

Suspended in isotonic saline 

Catalase 

Initial 

1.67 

1,98 

1,91 

activity, PU*/ml 

2 hr 

0,74 

1.63 

1,89 

4 hr 

0,02 

1.28 

2.00 

*PU = perborate units. 

AT was present at 0,02 M, Incubation was at 37°C. 



The obvious-implication of this exper iment - that AT fails to act 
on erythrocyte ca ta lase in vivo because of a s imple lack of penetrat ion of 
the red cell - is made uncer ta in by the fact that the l iver homogenate, 
p repa red with dist i l led water , r e p r e s e n t s a mixture of intact and d is in te ­
grated ce l l s . Since it i s impossible to p r e p a r e solid t i s sues in such a way 
that there is not at leas t some cel lular dest ruct ion, it was decided to 
approach the question with an in vivo technique that was not dependent on 
the extent of dest ruct ion of ce l l s . 

An AT solution (10%) p repa red by dissolving direct ly in heparin 
solution (Liquaemin sodium, Organon, 1000 USP units of hepar in (10 mg) 
per ml) was injected in this form at a dosage of 1 g/kg body weight. In 
control an imals , heparin solution alone was injected. In this way, com­
pletely c lot-f ree blood was obtained. This seems to be essen t ia l , since 
it has been found that even minute clot f ragments apparently re ta in signif­
icant amounts of AT. At the same t ime the animal was bled by cutting 
the throat , and the l iver was removed. The blood cel ls were separa ted by 
centrifugation and washed twice with cold isotonic sal ine . The l iver was 
homogenized, and the blood cells were laked with dist i l led water . The AT 
content of the blood cel ls , the p lasma, and the l iver homiogenate was then 
determined. Table 17 indicates c lear ly that the blood cells contain far 
l e s s AT than does the p lasma or the l iver . 

TABLE 17 

Dist r ibut ion of injected 3 - a m i n o - l , 2 ,4 - t r i azo l e (AT) 
in r a t l iver and blood 

- • - • - - -

Tissue 

Liver 
P l a s m a 
Washed blood ce l l s 

AT content, m g / g or m g / m l 

1,19 
1.13 
0.14 

AT was injected in t rape r i tonea l ly at the r a t e of 
1,0 g /kg , d issolved in hepar in solution. Blood 
was withdrawn, and the l iver was r emoved 30 min 
after injection. T h r ee r a t s were injected with AT 
in hepar in solution, and 3 with hepar in solution 
a lone. Values w e r e ave raged , and the sma l l amount 
of AT- l ike chromogen detected in the control t i s s u e s 
was sub t rac ted f rom the color values obtained in the 
case of the AT- in jec ted r a t s . 

Discussion 

If the suggested explanation for the differential effect of AT on the 
ca ta lase of blood cel ls and of solid t i s sues may be projected to the c o r r e ­
sponding effects due to the p resence of a tumor , it might be hypothesized 
that the tumor e labora tes an agent, s imi la r to AT in i ts effects although 



not neces sa r i l y s imi la r in i ts chemis t ry , which en te r s the p la sma and thence 
the solid t i s sues freely, but i s incapable of penet ra t ing the e ry th rocy te . It is 
planned to examine the " toxohormone" of Nakahara and Fukuoka(7) from this 
point of view. 
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PROGRESS REPORT: DENSITY GRADIENT CENTRIFUGATION 

Polyvinylpyrrol idone-Sucrose Gradients 

John F . Thomson and F lorence J. Klipfel 

In previous exper iments on separat ion of subcel lular components 
of ra t l iver by gradient differential centrifugation, we p repa red gradient 
tubes from suc rose solutions of varying concentration.(1) The calculation 
of the distr ibution of par t ic le s izes assoc ia ted with a specific enzyme 
activity was thus complicated not only by density and viscosi ty grad ien ts , 
but a lso by osmotic p r e s s u r e grad ien ts , for which at bes t a s e m i a r b i t r a r y 
cor rec t ion could be made,(2) The usefulness of polyvinylpyrrolidone 
(PVP) in the p repara t ion of cytoplasmic par t icu la tes for biochemical and 
cytologic studies suggested the possibi l i ty of varying the concentrat ion of 
PVP to produce a density gradient without ma te r i a l ly a l ter ing the osmotic 
p r e s s u r e . 

Gradient tubes were p repa red by layering solutions of 0.25 _M_ 
sucrose containing between 6 and 18% P V P . Tissues were homogenized 
in 0.25 M sucrose containing 5% PVP. The homogenate was layered onto 
the gradient column and the tubes were then centrifuged in a Lourdes 
centrifuge with a swinging ro to r . Laye r s were removed and assayed for 
var ious enzymes . Measurements of v iscos i t ies and densi t ies of the P V P -
sucrose solutions were made so that the par t ic le s ize dis tr ibut ions could 
be determined as descr ibed previously.(1) 

The dis tr ibut ions of r a t l iver succinic dehydrogenase and r a t thy­
mus cytochrome oxidase a r e p resen ted in Fig. 34. 

Curve 1, distribution of succinic 
dehydrogenase activity of rat liver. 
Centrifuged at 6000 rpm for 1 hr. 
Curve 2, distribution of cytochrome 
oxidase activity of rat thymus. 
Centrifuged at 10, 000 rpm for 1 hr. 
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Figure 34. 
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NEW ELECTRON MICROSCOPIC OBSERVATIONS ON FIBRILLOGENESIS 
IN THE REGENERATING ACHILLES TENDON OF NORMAL, 

SCORBUTIC, AND RECOVERING GUINEA PIGS 

F . Wasse rmann 

Recently Po l ica rd and Collet,(1) repor t ing on thei r s tudies of expe r i ­
mental f ib ros i s , reviewed our p resen t knowledge about f ibr i l logenes is . 
These authors found thei r own e lec t ron microscop ic observat ions in complete 
agreement with those of Por te r , (2) Jackson,(3) , and Wassermanns(4) whose 
studies concerned fiber formation in t i s sue cu l ture , embryonic t i s sues and 
the regenera t ing tendon. It is now general ly accepted that , as the F rench 
authors wr i te , the p r i m a r y f ibri ls a r e found "dans la zone de contact en t re 
cellule et mil ieu ambianti soit dans la couchetout a fait superficiel le de 
Pe lement , soit dans le mil ieu in te rce l lu la i r e , m a i s au contact m^me de la 
ce l lu le ." However, the formation of the p r i m a r y f ibri ls themse lves and 
the i r growth and matura t ion within the in te rce l lu la r mi l ieu r equ i r e s st i l l 
further investigation. 

Mater ia l and Methods 

In our p re sen t studies we a r e using the regenera t ing Achi l les ' tendon 
of the guinea pig in which f ibr i l logenesis can be prevented or init iated by 
withdrawal or readmin i s t ra t ion , respec t ive ly , of a scorb ic acid. Tenotomy 
was per formed in 250-350 g guinea pigs as previous ly descr ibed for ra ts . (4) 
The m a t e r i a l was taken at var ious in te rva ls after the operat ion from normal 
and scorbut ic animals and fromi an imals at var ious s tages of r ecove ry from 
exper imenta l scorbutus . The p rocedures for p repa r ing ul t ra thin sect ions 
have been descr ibed.(4) 

The f ibroblast . The fai lure of the t i s sue to form in te rce l lu la r s t r u c ­
t u r e s in the absence of ascorb ic acid has been asc r ibed to the injury which 
the f ibroblasts supposedly suffer in scurvy. Although this opinion was based 
on light microscopic observat ions concerning cell and nuclear s ize and the 
degree of basophil ia of the cytoplasm, no cytologic descr ip t ions were ava i la ­
ble to dist inguish the injured f ibroblast fromi the normial.(5»p.308) The e l e c ­
t ron microscopic p ic ture of f ibroblas ts from scorbut ic guinea pigs shows 
for the f i r s t t ime how cha rac te r i s t i ca l ly vi tamin C deficiency affects the 
cel l . F igure 35 p resen t s a "scorbut ic" f ibroblast 12 days after tenotomy, in 
which the miost cha rac t e r i s t i c feature is what appears in the section to be 
extensive vacuolation of the cytoplasm. The vacuoles , which may r each 
considerably g rea t e r s izes than the l a rge s t ones seen in the cell of F ig . 35, 
contain a m a t e r i a l which p rec ip i t a tes in s t r ands . The c lea r ly outlined walls 
of the vacuoles a r e often seen to be set with m i c r o s o m a l g ranu les ; this 
suggests that the vacuoles originate from the endoplasmic re t icu lum which 
is miss ing as such in these ce l l s . 
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Figure 35, Fibroblast from the regenerating tendon of a scorbutic guinea pig 
12 days after tenotomy, n, nucleus , nl, nucleolus. Notice the 
large vacuoles m the cytoplasm (cy) containing a precipitated 
material. At the walls of the vacuoles microsomes are attached. 

Figure 36. Fibroblast from the regenerating tendon of a scorbutic guinea pig 
which after tenotomy received withm 7 days 3 subcutaneous in­
jections of 20 mg ascorbic acid m addition to vitamin C-containing 
diet; n, nucleus, cy, cytoplasm. Notice that the endoplasmic 
reticulum has been restored. 



The groundplasm between the vacuoles contains many smal l vacuoles 
and granules of various s izes . Mitochondria may or may not be p resen t in 
a par t i cu la r section, but they a r e cer ta inly not absent from the scorbutic 
f ibroblasts . The nucleus, although smal le r than that of a healthy fibroblast 
and usually of i r r egu la r shape, does not differ markedly in s t ruc tu re from 
its normal counterpar t . The nucleolus in such f ibroblasts does not show 
the charac te r i s t i c composition of an e lec t ron-dense ma te r i a l with a kind 
of ground substance, and it is sharply set off against the nuclear s t ruc ture i 
this may well be significant as we a r e dealing with a cell whose p ro te in -
producing activity may be in terrupted or a l te red . The scorbutic changes 
of the fibroblast seem to be completely r eve r s ib le The fibroblast in F ig . 36 
was obtained from an animal which, after tenotomy, was allowed to recover 
from scorbutus for 8 days. The endoplasmic re t iculum has been r e s t o r e d 
and the groundplasm no longer contains the smal l vacuoles seen in the 
scorbutic cell . The nucleus is la rge and shows a smooth surface . 

F ibr i l logenes i s . In a healthy animal the f ibroblast ic activity may 
be expected to begin about 2 weeks after tenotomy. A str iking feature of 
the fibroblast at that t ime (Fig. 37) is the p resence of a marg ina l zone of 
cytoplasm which is ent irely free of endoplasmic lamel lae and mitochondria . 
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Figure 37, Part of fibroblast from a healthy (guinea pig Id days aftt,r tenotomy; 
n, nucleus; cy, cytoplasm, ex, exoplasm; m, rmtochondria. 
Notice the exoplasmic zone in which at some places au orientation 
of fme structures paralkl to the surface of the cell can be observed. 



It cor responds to the exoplasm known to exist in var ious kinds of ce l l s . 
While no demarca t ion can be seen between endo- and exoplasm, the la t te r 
forms a well-defined surface in young f ibroblas ts . In the exoplasm in 
Fig . 37 one observes slight but c lea r indications of an or ientat ion, pa ra l l e l 
to the surface of the cel l , of ve ry fine f ibr i l la r s t r u c t u r e s . The f ibroblast 
was obtained from the regenera t ing tendon of a healthy aniaxial 16 days 
after tenotomy, i .e . , at the t ime of onset of f ibroblast ic activity. Such 
ear ly inconspicuous s t ruc tu r e s become meaningful when one sees them 
m o r e numerous and much m o r e dist inct in other f ibroblas ts at the begin­
ning of f ibr i l logenes is , especial ly in ca ses where the p r o c e s s was ini t iated 
by injections of ascorb ic acid at a t ime when the f ibroblas ts had a l ready 
invaded the a r e a of regenera t ion . Such a case is p re sen ted in F ig . 38A. 
The endoplasmic spaces , s t i l l ve ry l a r g e , show that the scorbut ic changes 
have not been r e v e r s e d in this cel l . However, i ts outer zone has assumed 
the cha rac te r of the exoplasm and contains numerous ve ry fine fibri ls of 
widths of about 50 A. In somewhat l a t e r s tages the cel l surface i s no longer 
c lear ly defined as in F ig . 38A but is lost in bundles of p r i m a r y f ibri ls 
which seem to have become disengaged from the ce l l . In F ig . 38B r e l a ­
tively dense f ibri ls of this kind have been slightly separa ted from the exo­
p lasm probably by the cutting knife. Such d is tor t ions , which we cannot 
avoid at p re sen t , br ing some uncer ta in ty into the in te rpre ta t ion of e lec t ron 
m i c r o g r a p h s . They a r e , however , compensated to some degree by taking 
into account the exper imenta l conditions which produced the situation seen 
in the mic rog raph . 

Growth of mic ro f ib r i l s . Although these and e a r l i e r observat ions 
indicate that f ibr i l logenesis begins within the cytoplasm of the f ibroblast , it 
is n e c e s s a r y to a s sume that the p r i m a r y f ibri ls so produced and then r e ­
leased by the cell must take up procol lagenous m a t e r i a l from the ground 
substance , o therwise they could not grow outside the ce l l s , inc reas ing the i r 
widths as they do from about 200 to 1000 A or m o r e . ( 5 , p . 329) Up to now 
examination of the ground substance with the e lec t ron mic roscope has 
showed only that it i s not amorphous.(4) None of the s t r u c t u r e s observed 
in the ground substance could be identified with any miaterial that would 
account for the acc re t ion of the collagenous f ib r i l s . Our new m a t e r i a l taken 
from the guinea pig, especia l ly under the condition of s t imulated f ibr i l lo ­
genes is , shows for the f i r s t t ime fine f ibri ls si tuated between young col la ­
genous mic rof ib r i l s in a re la t ionship which strongly suggests that the fine 
f ibr i ls r e p r e s e n t the procol lagenous m a t e r i a l in the ground subs tance . A 
represen ta t ive p ic ture of this kind is shown in Fig , 39A. 

Pe r iod ic activity of the f ibroblast . The growing microf ib r i l s in 
F ig . 39A a r e located in the ground subs tance . Adjacent f ibroblas ts such as 
that in F ig . 39B often show a well-defined sur face . The per iod of the exo-
p lasmic zone as shown in Fig . 3 9A apparent ly is pas t i the si tuation suggests 
that the cell after producing a ce r t a in amount of f ibri ls c ea se s to continue 
i ts f ibroblast ic act ivi ty. The conclusion seems unavoidable that the f ibro­
blas t after a per iod of act ivi ty assu ines the cha rac t e r of the fibrocyte without 
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Figure 38A. Part ot cytoplasm (cy)ot i fibroblast from the regenerating tendon of 
•1 ijcorbutie guinea pi^ \Mhich after tenotomy was recovering from the 
di^ficieocy. Notice the numerous microfibrils m the exoplasm (ex). 

Figure 38B, The situation is similar to that m A in that fibtillo^enesib was also 
stimulated by mjection\ of ascorbic acid aiiu vitamin C-containing 
diet ; liowever, the biginning of fibrilloje'nesis is somewhat farther 
advanced, insofar as *ell-defined primary fibrils are preSCi t m the 
outermost zone of the te l l m para lk l irian-,ement. 
Symbols = cy, cytoplasm; e \ , exoplasm; f, fibril. 
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Figure 39A. Intercellular material ftoni the regenerating tendon of a guinea pig recovering 
from scurvy. Between the well-defined collagenous microfibrils can be seen 
extremely fine fibrils (arrows) which are considered to represent procollagenous 
material in the ground substance. 

Figure 39B. Fibroblast from the regenerating tendon of a guinea pig which was allowed a 
period of recovery of 7 days. The cytoplasmic structure is completely restored. 
The fibrils adjacent to the cell are 250 to 300 A thick and are supposed to have 
been formed during the period of recovery. However, the fibroblast shows no 
sign of activity at the surface and is clearly separated from the fibrils. The 
situation suggests that this cell, after a period of activity, has ceased to produce 
fibrils. Symbol = n, nucleus ; cy, cytoplasm; f, fibrils. 



losing i ts f ibroblast ic potency. The analogy with the os teoblas t i s obvious. 
Although most students of connective t i s sue woiild probably subscr ibe to 
this conclusion, no attention has been given in the studies on f ibr i l logenesis 
to a l imited o r , as far as embryonic t i s sues a r e concerned, a per iodic 
activity of the f ibroblast . If, through neglect of this point, one fails to r e c ­
ognize the difference between active f ibroblas ts and f ibroblas ts that a r e in 
this sense inact ive, one cannot i n t e rp re t co r rec t ly the cel l - f ibr i l r e la t ion­
ships during the formation of collagenous f ibe r s . 

Summary . The p resen t studies on f ibr i l logenesis in the r e g e n e r a t ­
ing tendon of the guinea pig under no rma l and exper imenta l ly control led 
conditions not only confirmed the r e su l t s of previous inves t iga tors includ­
ing this author, but enlarged our knowledge. The new findings a r e as 
follows, 

1. The fai lure of the t i s sue to produce in te rce l lu la r m a t e r i a l in 
the absence of ascorb ic acid is pa ra l l e led by cha rac t e r i s t i c 
changes in the f ibroblast . During r ecove ry from scurvy 
these a r e r e v e r s e d to no rma l . 

2. The beginning of f ibroblast ic activi ty cons is t s of the differ­
entiation of an exoplasmic zone in the f ibroblast . In this zone 
the f i r s t f ibr i l lar s t ruc tu re s appear . 

3 . Between the growing collagenous mi.icrofibrils of the ground 
substance a r e very fine f ib r i l s , which further studies may 
show to be identical with procol lagenous m a t e r i a l . 

4 . Some f ibroblasts in young connective t i s sue can be found in a 
s ta te of inactivity. This fact mus t be taken into account in 
o rde r to in t e rp re t e lec t ron mic rog raphs co r rec t ly with r ega rd 
to the re la t ionships between cel ls and f ib r i l s . 



References 

1. Po l i ca rd , A, and A. Collet , La genese des f ibr i l les coUagenes et le 
debuts de la F i b r o s e evisages au point de vue inf ramicroscopique . 
La Biologic Medicale 45 , 16 pp. , 1956. 

2. P o r t e r , K. R. Repair p r o c e s s e s in connective t i s s u e s , in Second 
Conference on Connective T i s s u e s , New York Josiah Macy, J r . 
Foundation 1952. 

3 . Jackson, S. F . The formation of connective and skele ta l t i s s u e s . P r o c . 
Roy. Soc. Lond. Ser . B. Biol. Sci. 142i536-548 (1954). 

4 . Wasse rmann , F , F ibr i l logenes i s in the regenera t ing r a t tendon with 
special re fe rence to growth and composit ion of the collagenous f ibr i l . 
Am. J. Anat. 94i399-438 (1954). 

5, Wasse rmann , F , The in te rce l lu la r components of connective t i s s u e : 
Origin, s t ruc tu re and in te r re la t ionsh ip of f ibers and ground substance . 
E r g . der Anatomic 35f240-333 (1956). 



PROGRESS REPORT: GAMMA RAY TOXICITY PROGRAM 

Response of Mice to Conditioning Doses 
of Whole-body I r radia t ion 

George A. Sacher and Douglas Grahn 

Mice exposed to 0,11 r / d a y of radium 7- rays for the duration of life 
were observed to have a -grea te r mean after survival than thei r cont ro l s , l^ '^ ) 
More complete analys is of these data has shown that this effect i s due to a 
lower mor ta l i ty in the i r r ad i a t ed mice during the f i r s t 3-6 months of expo­
sure although late in life the mor ta l i ty r a t e of the 0.11 r / d a y mice is g r e a t e r 
than the control.^-^^ The analys is a l so demons t ra ted that the samie phenom­
enon existed at daily exposure levels of 1.1, 2.2, 4.4 and 8.8 r / d a y , and that 
the duration of the depres sed mor ta l i ty ra te became sho r t e r as daily dose 
inc reased . The same re sponse is noted in the p r e s e n t 7 - r a y toxicity s tudies 
at 6 r / d a y . 

These observat ions indicate that following the s t a r t of exposure t he re 
is a brief per iod when accumulated injury is not being expressed , but, in­
stead, the re is an improved survival value. It is unlikely that the p r o t r a c t e d 
low-level exposure has a d i rec t beneficial act ion. We favor the hypothesis 
that the improved survival is a compensa tory or conditioned response to a 
s t imulus a r i s ing from a low level of radiat ion injury. Under our exper imen­
tal conditions, this compensation appears to expres s itself in the form of an 
enhanced defense against infection. It is predominant ly infectious d i sease 
mor ta l i ty that occurs in the ear ly per iod in both control and i r r ad i a t ed mice , 
and death from this cause is lower in the i r r a d i a t e d group. 

These data on improved survival under low levels of i r r ad ia t ion con­
sti tute the major evidence for the exis tence of a threshold dose (the dose 
below which no biological effect can be m e a s u r e d ) . If the improved survival 
a r i s e s from a response to low-grade injury, the th reshold dose concept i s 
not appropr i a t e . There is need for fur ther evaluation of this problem be ­
cause the degree of improved survival i s quite va r i ab le . 

We a r e cur ren t ly endeavoring to produce and evaluate this conditioned 
r e sponse . Mice (100 days of a g e ) a r e subject to a daily exposure of approx­
imate ly 0,6 r / d a y for varying per iods of t ime , then tes ted, along with u n i r r a ­
diated cont ro ls , by exposure to ei ther a high daily dose of Cô *̂  7 - rad ia t ion 
or a single acutely lethal dose of 200 k v p X - r a y s . In the f i r s t t e s t p rocedure , 
mean after surviva l (MAS)is the end point; in the second, pe r cent mor t a l i t y 
in the f i r s t 30 days after exposure is de termined. Table 18 gives a s u m m a r y 
of the resu l t s to date on LAFj and C3H£/He m i c e . 



TABLE 18 

Acute radiat ion response of LAFi and C3H£ mice after p ro t r ac t ed 
low-level i r rad ia t ion s t a r t ed at 100 days of age 

St ra in No; 
of an imals 

Conditioning 
exposure , 

r / d a y 

Duration of 
conditioning, 

days 

Tes t 
dose, 
r / d a y 

MAS, 
days 

30-Day 
mor ta l i ty , 

% 

Dai ly-dose tes t s e r i e s 

LAFi 
LAFi 
LAFi 
LAFi 
I ^ F i 
LAFi 
LAFi 
LAFj 
LAFi 
LAFi 
C3Hf 
C3Hf 

18 
18 
24 
24 
24 
24 
24 
24 
12 
12 
42 
42 

0 
0.6 
0 
0 .6 
0 
0,6 
0 
0.6 
0 
0.6 
0 
0.6 

45 
45 
90 
90 

160 
160 
225 
225 
325 
325 

50-150 
50-150 

170 
170 
170 
170 
170 
170 
170 
170 
170 
170 

97-125 
97-125 

21.9 
21.0 
23.9 
24.0 
23.5 
24.3 
24.8 
20,4 
25.3 
24,6 
31.1 
31.3 

Single-dose tes t s e r i e s 

LAFi 
LAFi 
LAFi 
LAFi 
LAFi 
LAFi 
LAFi 
LAFi 
C3Hf 
C3Hf 

23 
23 
45 
48 
46 
47 
22 
22 
35 
36 

0 
0.6 
0 
0.6 
0 
0.6 
0 
0.6 
0 
0.6 

50 
50 

100 
100 
140 
140 
200 
200 

100-200 
100-200 

750 
750 
750 
750 
750 
750 
800 
800 

650-700 
650-700 

75 
74 
67 
35 
61 
34 
91 
64 
40 
56 

In the LAFi, the t e s t exposure of 170 r / d a y gives negative r e ­
sul ts with r e spec t to improved survival for the f i r s t 5-6 months . The 
s ingle-dose tes t on the LAFi gives m o r e promiising r e s u l t s . Improved 
r e s i s t ance to acutely lethal i r r ad ia t ion is seen after 100, 140, and 200 days 
of conditioning. 

Data for the C3H£ s t r a in a r e pooled because of the smal l t es t 
samples employed. H e r e , again, the dai ly-dose tes t p rocedure gives nega­
tive r e su l t s although no de t r imenta l effect of the conditioning dose is de­
tec table . The s ingle-dose t e s t shows the conditioned C3Hf mice to have a 



slightly g rea t e r sensi t ivi ty . While the data a r e st i l l quite l imited, the p o s ­
sibility of a genetic in teract ion in the conditioned r e sponse is indicated. 

Data on age changes in r ad io re s i s t ance have indicated that a 
p rog re s s ive i nc rease in r e s i s t ance normal ly occurs during the same in­
t e rva l in which this conditioned response is expressed (see, for example , 
the MAS values in Table 18 for the unconditioned 170- r /day s e r i e s in the 
LAFi mice ) . The possibi l i ty of a re la t ionship between normal matura t ion 
and the capacity to develop improved survival value mus t be explored. In 
this connection, the cont ras t in the LAFi s e r i e s between the r e sponses to 
the s ingle-dose and dai ly-dose tes t p rocedures needs fur ther invest igat ion. 
The daily dose tes t condition was made par t of the p resen t study because 
of p r io r evidence that the i n c r e a s e of r ad io res i s t ance with age is of the 
same magnitude whether m e a s u r e d by single exposures or by daily expo­
su res in the 125-170 r / d a y range . Mice conditioned with smal l daily gamma 
exposures showed improved survival only under the s ingle-dose tes t condi­
tion. This suggests that the i nc r ea sed r ad io re s i s t ance brought about by 
smal l daily 7 - r ay exposures is not ent i re ly equivalent to the i n c r e a s e of r a ­
d iores i s tance with age . 

Ultimately, the response of conditioned mice to var ious suble­
thal s t r e s s e s should be studied in o rde r to obtain data on the physiological 
bas i s of the improved surv iva l . 
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PROGRESS REPORT: GAMMA RAY TOXICITY PROGRAM 

Thymic Lymiphomas in Mice Exposed to Low-Dose 
.«» Daily Co Gamma Ir radia t ion 

Samuel Leshe r , George A, Sacher , Douglas Grahn, and Joan M. Gurian 

This is a p re l imina ry repor t on the incidence of thymic lymphoma 
in LAFi male and female mice exposed to continuous daily 7 - i r r a d i a t i o n . 
Thymic involvement can be establ ished at g ross autopsy; other types of 
leukemias will be repor ted after completion of histopathological diagnoses. 

Mice at 100 days of age a r e entered into the low-level 7 - chamber 
in replicat ions consisting of equal numbers of ma les and females to min i ­
mize the possible variabi l i ty between shipments . Only completed rep l ica­
tions have been analyzed. The data a r e summar i zed in Table 19and Fig , 40. 
The incidence is significantly higher in the females . 

TABLE 19 

Summary o£ data showing for both male and female l A F i 
mice the total number of mice m each exper imenta l 
group, mean survival , numbers of mice with thymic 

lymphomas and per cent incidence m each group 

Radiation 
dose r/day 

0 
6 
12 
24 
32 
43 
49 
56 

No mice 

* 
71 
76 
102 
126 
135 
IM 
135 
120 

(T 
72 
75 
102 
126 
135 
150 
135 
120 

Mean 
survival, days 

* 
634 5 
529 8 
405 8 
269 0 
217 8 
15D 9 
134 1 
104 2 

0* 

420 2 
462 8 
361 8 
251 0 
205 5 
149 8 
126 9 
102 1 

Thymic 
lymphomas 

* 
3 
11 
22 
32 
39 
35 
17 
7 

v 
1 
4 
7 
19 
22 
20 
8 
2 

Incidence, 

% 
1 2 
14 7 
21 6 
25 4 
28 9 
23 3 
12 6 
5 8 

0* 

1 4 
5 3 
6 9 
15 1 
16 3 
13 3 
5 9 
1 7 

12 2 4 32 4 3 49 

DOSE PER DAY, r 

Figure 40. Thymic lymphoma 
incidence vs. dose. 



PROGRESS REPORT: GAMAdA RAY TOXICITY PROGRAM 

A P r e l i m i n a r y Report on a Histopathological Study 
of the Mouse Duodenum after Starvat ion 

Samuel Leshe r and Anthony Sal lese 

After exposure to lethal doses of ionizing radiat ion, the mouse ve ry 
ear ly becomes le thargic and stops eating. It is thought that s tarvat ion and 
inanition may produce changes in the smal l intest ine that closely r e s e m b l e 
those produced by i r r ad ia t ion . To our knowledge the p rob lem has not been 
examined since Sun(^) published the r e su l t s of a r a t h e r superf icial inves t i ­
gation of the effects of s tarvat ion and refeeding on the mouse duodenum. He 
descr ibed r a t h e r pronounced les ions which o c c u r r e d at the t ips of the vil l i 
after 40 h r of s tarvat ion, but neglected to desc r ibe the nnice he used other 
than to say that they weighed from 10 to 14 g. 

In this p re l imina ry re -examina t ion of the his tological changes p r o ­
duced by s tarvat ion, equal num.bers of 100-day-old male and female LAFj 
mice were sepa ra t ed into two groups; the f i r s t without food and water , the 
second without food but with free a c c e s s to wate r . The mice were sepa­
ra ted as to sex and maintained in wire-bottona cages . 

Four an ima l s , one male and one female from each group were s a c r i ­
ficed at each of 4 success ive in te rva ls (24, 48, 72, and 96 h r after the begin­
ning of the s tarvat ion per iod) , and segments of duodenum immedia te ly d is ta l 
to the pylor ic sphincter were fixed and p r e p a r e d for study. By 48 hr the en­
t i r e intest ine was devoid of food and feces . The f i r s t deaths occu r r ed on the 
4th day, when 2 of the remaining 12 mice died. The peak in deaths occu r r ed 
on the 5th day, when 7 of the remaining 8 died; one survived to the 6th day. 
Pe r i s t a l t i c movement mus t have i nc r ea sed t remendous ly between the second 
sacr i f ice at 48 h r and the th i rd at 72 h r , s ince in tussuscept ion involving two-
thi rds of the colon was observed in 3 of 4 m i c e . 

Histologically the duodenum of the s t a rved an imals at 24, 48, and 72 
h r was no rma l in every r e spec t and could not be dist inguished from the duo­
denum of healthy uns ta rved mice (Fig, 41), At 96 and 122 h r the his tological 
p ic ture of the duodenum from the s t a rved mice differed only from that of the 
uns ta rved by a dec rea se in stainabil i ty of the cells nea r the tip of the vi l l i . 
In none of the mice did s tarvat ion produce the type of les ions descr ibed by 
Sun. 
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Figure 41 A, duodenum of normal mouse. B, duodenum after 72 hr without food and water. 
No evidence of structural change ot cytological damage. Hematoxylin and eosm stain. 
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A COMPARATIVE HISTOLOGICAL STUDY OF DUODENAL DAMAGE 
PRODUCED BY FISSION NEUTRONS AND Co^° GAMMA RAYS 

Samuel Lasher and Howard H. Vogel, J r . 

During the pas t s eve ra l y e a r s , exper iments have been c a r r i e d out to 
tes t the re la t ive effectiveness of Co 7 - r a y s and fission neutrons on a 
number of biological objects.^ •' One of the compara t ive c r i t e r i a ut i l ized 
was the acute lethal action on mice exposed to single doses of these two 
rad ia t ions . Following exposures to fission neu t rons , mice showed a much 
e a r l i e r mode of mor ta l i ty than after comparable i r r ad ia t ion with Co 
7 - r ays , l ^ ) A specific in tes t inal radiat ion syndrome leading to death in 3 to 
5 days has been descr ibed in seve ra l species of l abora to ry an imals following 
exposure to l a rge doses (1500 to 10,000/r) of X-rays.^-^^ It seemed of in­
t e r e s t to de te rmine whether or not the ear ly mor ta l i ty cha rac t e r i s t i ca l ly 
following fission neutrons was also produced by intes t inal damage. 

Mater ia l s and Methods 

Two groups of female CF No. 1 mice were exposed to doses sufficiently 
high to kill 90% in a 30-day period: 350 rads fission neutrons or 1050 r 
gamma r a y s . All exposures were c a r r i e d out in a gamma-neu t ron radiat ion 
chamber at the C P - 5 r e s e a r c h r eac to r . ' ^ ) The methods of exposure were 
s i m i l a r to those a l ready descr ibed for the CP-3 r eac to r . ( ^ / The dose r a t e 
of fission neutrons at the animal exposure posit ion, with C P - 5 operat ing at 
2000 kw, was approximate ly 7.5 r a d s / m i n including 10-15% of contaminating 
7 - r a d i a t i o n . The intensi ty of Co 7 - r a y s used in these exposures was ap ­
proximate ly 14 r / m i n . The single exposures to each radiat ion var ied from 
45 to 75 min . 

Two neut ron-and two 7 - i r r a d i a t e d mice were sacr i f iced at j " . 2, 3, 5, 10, 
15, 22, 24, 30, 36, 46, 48, 54, 72, 96, 120, 144, 168, 192, 216, and 240 h r after 
i r r ad ia t ion . In addition, 2 7 - i r r a d i a t e d mice were kil led at 12, 14, 16, and 
20 days after exposure . In a second exper iment m i c e s imi l a r ly i r r a d i a t e d 
were sacr i f iced when they became moribund. 

F r o m each mouse two pieces of duodenum in the segment adjacent to 
the pyloric sphincter were removed and fixed in Tel lyesniczky ' s solution. 
One piece was sectioned longitudinally and the other t r a n s v e r s e l y . F ive -
micron sect ions from each block were s tained with Delafield 's hematoxylin 
and eosin and studied for s t ruc tu ra l changes . Additional adjacent sect ions 
were a lso stained with toluidine blue, the PAS reac t ion and Feulgen reac t ion . 



Observat ions 

Crypt nuclei a r e damaged both by fission neutrons and 7 - r a y s within 
the f i rs t half hour following exposure . At this t ime mitot ic figures a r e 
completely absent . The degree and type of daraage for the f i rs t 10 h r is 
essent ia l ly the same in both exper imental groups with the ear ly damage 
being confined to the crypts in the form of intensely basophilic karyolyt ic 
bodies and enlarged nuclei . These ear ly changes a r e s imi l a r to those de­
scr ibed by Lesher l^ i following exposure to continuous 7 - i r r ad i a t i on in the 
high acute range . 

Mitotic figures a r e detectible in the duodenal crypts of the 7 - i r r a d i a t e d 
mice by 10 h r . The mitot ic ra te reaches a re la t ively high level by the end 
of the f i rs t day. There is l i t t le chromosomal damage in the crypts of the 
7 - i r r ad ia t ed mice . The ear ly onset of mi tos is and the subsequent high ra te 
leads to the replacement of damaged crypt cells before the crypts become 
disorganized and d is in tegra te . By 48 h r r epa i r exceeds damage, and by 96 
h r mos t of the crypts appear no rma l . Although the villi become sho r t e r 
through the loss of cells at the extrusion zone, their r epa i r is complete by 
144 h r . The f i rs t 7 - i r r ad ia t ed mice die on the 8th day at which t ime the 
duodenum appears normal microscopica l ly . 

The f i rs t mitotic figures a r e seen in the crypts of the neu t ron- i r rad ia ted 
mice at 22 h r . Many of the chromosomes observed during the metaphase 
to anaphase per iod a r e severe ly damaged and few dividing nuclei appear 
capable of forining new viable ce l l s . Chromosome f ragments , b r idges , and 
whole pyknotic nuclei a r e common. F r o m the f i rs t day on, there is a d i s ­
tinct difference in the degree of damage and the ra te of recovery between 
the neutron- and 7 - i r r ad i a t ed groups (Fig. 42). 

REPAIB ^ CBYPTS M V i g i ^ 7g 

9 6 - V I L L I DENUDE-»DEaTB NEW CRYPTS-VILLI NEW CRYPTS - V I L L I - > SURVIVE 

Figure 42. A diagrammatic presentation which emphasises the 
differences m degree of damage and time of recovery 
of two series of CF No. 1 female mice exposed to 
fission neutrons and y-rays. 



The duodenal crypts of the neutron groups become disorganized and 
by 48 h r begin to breakup into i so la ted cell n e s t s . At about the same t ime 
les ions appear at the tips of the villi as excess ive numbers of cel ls a r e ex­
t ruded at the vi l lar t i p s . Without new cells from the crypts to rep lace those 
extruded, the villi become p rogres s ive ly sho r t e r and by 72 h r mos t a r e l e s s 
than half the i r no rma l length. 

In the crypts the re is an i nc r ea se in the number of mi toses by 72 h r 
and new crypts form. Where the original crypt has d is in tegra ted completely, 
m a s s e s of chromat in f ragments accumula te in the crypt s p a c e s . In approxi ­
mate ly 50% of the mice , new crypts a r e slow in forming and mucosa l m e m ­
brane begins to slough off. This occurs at 32 to 5 days after i r r ad ia t ion . As 
the denuding of villi p r o g r e s s e s , the v i l la r connective t i s sue f ramework col­
lapses forming a s e r i e s of low cel lu lar mounds in the a r e a or iginal ly occu­
pied by two or m o r e separa te vi l l i . The cytoplasm of the epithelial cel ls is 
highly vacuolated and the nuclei a r e ex t remely i r r e g u l a r in shape and for 
the mos t pa r t pyknotic. When the duodenum reaches this stage of degener ­
ation, r ecovery is imposs ib le and the mouse d ies . In other mice of the 
neutron s e r i e s , new crypts form before the crypts collapse and a few new 
cel ls move up along the base of the vi l l i . In these mice r e p a i r keeps pace 
with or exceeds damage and the an imals may live beyond the c r i t i ca l ea r ly 
per iod. 

Duodenal sect ions of mice sacr i f iced when moribund and as n e a r 
death as possible were studied to de te rmine the extent of r ecove ry . All 
mice exposed to 7 - r a y s l ived at l eas t 8 days; in every case the duodenal, 
v i l lar covering was intact and intes t inal r ecovery was essent ia l ly comple te . 
In mice exposed to f ission neutrons and sacr i f iced when moribund at 32 to 
6 days, the epithelial m e m b r a n e covering the villi was severe ly damaged 
and denuding was well advanced. Lesions were common, and h e m o r r h a g e 
was excess ive . 

The duodenum of nonmoribund mice sacr i f iced at 5 and Sf" days was 
in var ious s tages of r e p a i r . In some cases the crypts were reorganized , 
mitot ic ra te was high, and new cel ls had begun to push up the s ides of the 
villi closing off the rad ia t ion-produced l e s ions . In o t h e r s , the villi had 
collapsed, blocking the movement of cel ls from the c ryp t s . In the l a t t e r , 
b i z a r r e , hyperplas t ic cell configurations had formed in the crypt region. 
There was considerable var iabi l i ty in the extent of duodenal r ecove ry in the 
l a rge number of mice examined in the 4 - to 6-day per iod. Histological ly 
they fall into th ree c l a s s e s : 

1. Villi a r e completely collapsed and par t ia l ly o r completely de ­
nuded, mice a r e nea r death. 

2. Villi a r e collapsed but for the mos t pa r t covered . Crypts a r e 
reorganized , and mitot ic r a t e i s highj however , with c ryp ts blocked, 
movement of cel ls becomes d i so rde r ly and without d i rec t ion. Death 
is probable . 
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3, Villi a r e shor t but new cells a r e moving up from the crypts to 
form a new epithelial covering. The mice a r e le tharg ic but should 
survive the original intest inal damage. 

The duodenum, of neu t ron - i r r ad i a t ed mice dying or sacr i f iced six 
days or longer following exposure were in advanced s tages of recovery , and 
al l se r ious les ions had been sea led with new epithelial ce l l s . 

Summary 

The deaths occur r ing in the per iod S-yto 6 days after i r r ad ia t ion a r e 
accounted for by the complete destruct ion of the crypts and the subsequent 
extensive lo s s of the epithelial covering of the vill i in the duodenum of a t 
l eas t half of the mice exposed to fission neutrons (350 r a d s , whole-body). 
Although the duodenum of the 7 - i r r a d i a t e d mice (1050 r , whole-body) is s e ­
vere ly damaged, r ecovery is complete , and al l mice survive well beyond 
the 6th day. 

Two impor tan t differences between the neu t ron- and 7 - i r r ad ia t ed 
t i s sues were noted. F i r s t , mitot ic inhibition is longer las t ing following 
neutron i r r ad ia t ion . Mitosis is r e s u m e d in about 10 h r following 7- i r rad ia t ion 
but is delayed for about 22 hr after neutron i r r ad ia t ion . Secondly, the re is 
g r e a t e r chromosome damage after neutron i r rad ia t ion ; a high percentage of 
the mitot ic f igures observed in the duodenum of mice sacr i f iced during the 
second and th i rd day contain lagging and detached ch romosome fragments 
and chromosome b r idges . As a r e su l t of the excess ive chromosome damage, 
very few of the ear ly mitot ic f igures a r e capable of forming viable daughter 
ce l l s . The g rea t number of pyknotic nuclei found in the duodenal crypts of 
neu t ron - i r r ad i a t ed mice during the c r i t i ca l per iod f rom 22 to 84 h r supports 
this hypothes is . Few new cel ls a r e avai lable to fo rm new c ryp t s ; hence the 
mucosa l membrane cannot be rep laced before col lapse and denuding of the 
villi occur . 
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VARIABILITY IN THE EXPRESSION OF TAIL SPOTTING IN MICE 

Douglas Grahn and Walter C. Quevedo, J r . 

Although tail spotting is a comimon occur rence in pigmented mice , 
the genetic bas i s of this phenomenon has not been fully cha rac t e r i zed . 
Gruneberg ' ' gave evidence that it was due to a r e ce s s ive gene that lacked 
full penet rance when homozygous, but had minor express ion when h e t e r ­
ozygous. Ba r rows , \ ^ / in a select ion exper iment , suggested that tai l spot­
ting was due to a complex of genes, or what we now call a polygenic sys t em. 

Studies on ta i l spotting have often involved the C57BL s t ra in which 
normal ly shows a high incidence of spotting (e.g., 91.4% in our C57BL/6 
s t ra in ) . This s t r a in was rec iproca l ly c r o s s e d with s t ra in B A L B / C (an 
albino) for genetic studies in acute and chronic radiat ion toxicity. The a p ­
pearance of tai l spotting in the Fi led us to r e c o r d the cha rac t e r i s t i c rou­
tinely in both Fi and F^ genera t ions . The two rec ip roca l c r o s s e s in the 
hybrid generat ions a r e l i s ted as the BC, from the C57BL dam, and the CB, 
from the BALB dam. 

White tai l spotting has var ious manifes ta t ions: tipping, banding, 
mottl ing and any combination of these ; however , in this ana lys i s , all forms 
of express ion a r e pooled in one ca tegory. 

Table 20 gives the pr incipal r e su l t s in the Fj generat ion. The over ­
all incidence of ta i l spotting is 62%, but a l a rge and significant difference 
exis ts between the two r ec ip roca l c r o s s e s . The BC Fi shows over 80% spot­
ting, near ly twice that of the CB F j ; it i s , however , significantly below the 
C57BL paren t value of 91%. 

TABLE 20 

White tai l spotting incidence in B A L B / C • 
C57BL/6 Fi hybrids 

Reciproca l Cross 

BC Fi 
CB Fi 

Comb, r ec ip roca l s 

? 
80.1 
45.5 

64.3 

No, of 
an imals 

357 
301 

658 

O* 

82,6 
38.3 

59.1 

No. of 
an imals 

299 
339 

638 

^^cr 

81.3 
41,7 

61,7 

No. of 
animals 

656 
640 

1296 



There is a slight but insignificant sex difference, and no significant 
deviation indicative of sex l inkage. Li t te r s ize has no influence, but the in­
cidence of tai l spotting i n c r e a s e s l inear ly with advancing ma te rna l age in 
both r ec ip roca l c r o s s e s . The ra te of i n c r e a s e differs for the two c r o s s e s ; 
it is +16.6% for each 100 days of m a t e r n a l age in the CB Fj and +5.4% per 
100 days in the BC F | . This re la t ionship is cur ious , since no m.aternal age 
effect i s noted in the inbred C57BL paren t . 

A var iance analysis of the Fi data indicates that about 60% of the 
total var ia t ion is due to a difference between the two r ec ip roca l c r o s s e s 
(a difference of m.aternal environm.ent), 6% between dams within r ec ip roca l 
c r o s s and 34% between l i t t e r s within dams . About one-fifth of the l a t t e r , 
o r 7%, is a t t r ibutable to differences in n ia te rna l age . 

In the Fg (Table 21) an average incidence of 56% is observed . R e ­
ciprocal c ro s s and sex differences a r e not significant although deviations 
from equality a r e in the same direct ion as noted in the F i . Maternal age 
effects a r e not apparent and the re is no difference between dams within 
rec ip roca l c r o s s . Apparently the F j dam provides a m o r e uniforin p r ena ­
tal environment as compared to the inbred paren t s s ince much of the v a r i ­
abil i ty noted in the F j i s not detected in the F2, 

TABLE 21 

White tai l spotting incidence in B A L B / C : 

C57BL/6 F2 hybrids 

Rec iproca l c r o s s 

BC F2 
CB F2 

Comb, r ec ip roca l s 

? 
63.6 
54„9 

58,9 

No, of 
an imals 

261 
304 

565 

<r 

56,2 
50.2 

53.3 

No, of 
an imals 

272 
261 

533 

? + C/ 

59.8 
52.7 

56.2 

No. of 
an imals 

533 
565 

1098 

The Fg generat ion segrega tes five coat color types: black agouti , 
brown agouti , black, brown and albino. The incidence of tai l spotting for 
the seve ra l color types is given in Table 22. Significant differences exist 
in al l compar i sons indicated, but a g r e a t e r effect i s a s soc ia t ed with black 
than with agouti . Black and agouti combined also produce a g r e a t e r effect 
than ei ther one by itself, A s imple additive genetic hypothesis could a c ­
count for the var ia t ion noted among the color s eg regan t s . 



TABLE 22 

White tai l spotting incidence in coat color 
segregants of B A L B / C : C 5 7 B L / 6 Fg 

Coat color 

Bl . agouti 
Black 
Brn , agouti 
Brown 

All blacks 
All browns 

All agoutis 
All non-agoutis 

% spotting 

63,8 
52.3 
46.3 
37.2 

61.0 
43.8 

59.1 
47.7 

No. of 
an imals 

597 
197 
218 

86 J 

>• 

794 1 
304 J 

815 1 
283 J 

Chi 
square 

35.97 

26.04 

10.99 

Degrees of 
freedom 

3 

1 

1 

P 

<.01 

<.01 

<.01 

On the bas i s of the findings in the BALB:C57BL hybr id data, s eve ra l 
additional c r o s s e s have been made with the black agouti C3Hf/He s t r a in . In 
our exper ience , this s t r a in has not shown any evidence of tai l spotting. The 
following c r o s s e s a r e in production: BALBxC3H Fj and Fg, C57BLxC3H ¥% 
and Fg, C3HxC57BL Fj and F2. Some backcross ing is a lso being c a r r i e d 
out, but no data a r e avai lable a t this t ime . P r e l i m i n a r y r e su l t s f rom the 
c r o s s e s with C3H a r e given in Table 23. 

TABLE 23 

White ta i l spotting incidence in C3H^He hybr ids 

Cross 

B A L B / C X C3Hf 
C57BL X C3Hf 
C3Hf X C57BL 

Generat ion 

F i 

2.3% 
10.4% 

5.0% 

No. of 
an imals 

89 
96 

140 

Fz 

25.5% 
32.5% 
30.4% 

No. of 
an imals 

298 
360 
289 

F2 color types 

Black 
agouti 

24.2% 
36.9% 
30.8% 

Brown 
agouti 

29.3% 

Black 

21.0% 
29.4% 

These data s t rongly suggest that the ta i l - spot t ing gene is c a r r i e d 
by both the BALB and the C57BL s t r a i n s . The appearance of tai l spotting 
in the F2 at a level n e a r 25% approx imates expectation for a 3:1 genetic 
segregat ion of a r e ce s s ive gene. It i s not completely r e c e s s i v e , however , 
since some express ion is seen in the F j m i c e , which can be p r e s u m e d to 
be he te rozygous . 



While the BALB:C3H F2 data a r e nea r ly perfect for a r e c e s s i v e 
gene, the F2 mice from the C57BL parent show an excess of spotting. S im­
i la r ly , the Fi mice from the black parent have a higher incidence of spotting 
than the F | from the BALB, These data support the postulate that , although 
both s t r a ins BALB and C57BL appear to c a r r y the same major r e c e s s i v e 
gene for spotting, the C57BL mouse c a r r i e s m o r e , or s t ronger , modifying 
f ac to r s . This would also explain why the BC Fi showed a significantly lower 
spotting incidence than the C57BL paren t , even though both a r e homozygous 
for spotting and have the same m a t e r n a l environment . The BALB contr ibu­
tion to the BC Fi apparent ly ac ts to reduce or "dilute" the effect of the mod­
ifying factors from the C57BL. 

The BALB:C3H F2 color segregants show a s imi l a r spotting incidence 
Since the black gene in this c ro s s comes from the C3H paren t , the previous ly 
noted enhancing effect of black in the BC and CB F2 may have been the resu l t 
of a modifier linked with the black gene brought in from the C57BL paren t 
r a the r than the resu l t of a pleiotropic effect of the black gene itself. In the 
C57BL:C3H F2 segregan t s , the data a r e equivocal. One r ec ip roca l c r o s s 
shows an enhancing effect for agouti , as seen in the BC and CB F2, but the 
other does not. He re , again, the segregat ing gene is from the C3H s t r a in . 

Unpublished observat ions by Allen'- ' / a r e in close ag reemen t with the 
genera l findings regard ing m a t e r n a l influences, the exis tence of a major r e ­
cess ive gene for tai l spotting and a differing effectiveness of modif iers in 
the BALB and C57BL s t r a i n s . She a lso concluded that s t r a ins BALB and 
C57BL c a r r y the ta i l -spot t ing gene, that s t r a in A is another c a r r i e r , but 
s t r a in AKR has the dominant a l l e l e . The gene is l i s t ed by the symbol t sp 
by Allen. F r o m available data, the following s t r a ins a r e t s p / t s p : A, BALB/c, 
C57BL and C57L. St ra ins with the dominant gene (T3p/Tsp)are : C3K, CBA 
and AKR. " " " " " 

In s u m m a r y , tai l spotting is a function of a major r e c e s s i v e gene 
that has var iab le express iv i ty , that lacks full pene t rance when homozygous, 
and that exe rc i se s some express ion when he te rozygous . These observa t ions 
a r e in full ag reemen t with Gruneberg ' s conclusions,^ ' 

When homozygous (C57BL, BC and CB F^ and F2), the pene t rance of 
tai l spotting va r i e s with the m a t e r n a l environment , m a t e r n a l age and innate 
genetic modi f ie r s . In view of th i s , the pene t rance of the gene could be in­
c r e a s e d by select ion, pa r t i cu la r ly since the accumulat ion of effective genetic 
modif iers would undoubtedly act to enhance the contribution of the m a t e r n a l 
environment . Such resu l t s would lead to the assumpt ion that a polygenic 
sys tem is respons ib le , as suggested by B a r r o w s . ^ ^ 
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PROGRESS REPORT: DEUTERIUM OXIDE INTOXICATION IN RATS 

Effect of Deuterat ion on Kidney Function 

John F . Thomson and F lo rence J . Klipfel 

In the preceding report^^' data were presen ted demons t ra t ing d e ­
c r e a s e s in g lomeru la r f i l trat ion ra te (creat inine c lea rance , C^^.) and renal 
p lasma flow (p-aminohippurate c lea rance , Cp^j j ) in r a t s drinking heavy 
wate r . It was pointed out that the no rma l values for C p ^ H were cons ide r ­
ably lower than those repor ted in the l i t e r a tu re , and it seemed probable 
that the amount of PAH adminis te red yielded plasma levels of PAH above 
that which sa tu ra tes the tubules; with lower doses of PAH, the t e rmina l 
p lasma values were so low that absurdly high c lea rance values were ob" 
tained. We have achieved in normal r a t s reproducible r e s u l t s , consonant 
with l i t e r a tu re values , by injecting subcutaneously two doses of PAH, 
each dose 150 mg/kg , as a 1.5% solution in 2% sodium sulfate. The second 
injection was made 50 min after the f i r s t one. Urine was collected during 
the next 50 mdn. 

We have subsequently repeated and extended our observat ions on 
the effects of deutera t ion on rena l function. Eight female Sprague-Dawley 
r a t s , about 7 months old, were given 50% DgO to drink ad l ib i tum. M e a s u r e ­
ments of CQ-J. and C p ^ j j we re made th ree t imes before D2O was given and 
six tinaes during a 38-day period when the r a t s were drinking DjO. After 
3 of the r a t s died, the o thers were given HgO to drink, and the s tudies were 
repeated 1 and 5 days after r e s to ra t ion to tap water . 

The data a r e sumixiarized in Table 24. Within 9 days, CQXS CpAH» 
and ur ine output had dec reased significantly, and by the 36th day were r e ­
duced to about 40% of the control va lues . The r ecovery after r es to ra t ion 
to HgO was r emarkab ly fast . Even 1 day after removal f rom D2O the ur ine 
flow was essent ia l ly normal , C^j . was 80% of no rma l , and Cp_AH was 60% 
of normal ; after 5 days on ord inary water a l l were actual ly slightly above 
the init ial va lues . At no tiine during the study was a difference evident 
between the r a t s that died and those that ul t imately survived. 

Since both the g lomeru la r f i l t rat ion ra te and the renal p lasma flow 
dec rea sed at near ly the same ra te and to the sarae extent with inc reas ing 
levels of DgO, it s eems likely that t he re was no specific injury to the kidney 
per s e . The elevated concentrat ion of u rea and NPN and the dec reased con­
centra t ions of plasma protein and glucose in the blood of moribund rats^^) 
a r e s trongly suggest ive of ad rena l insufficiency since these changes w e r e 
quantitatively s imi la r to those seen in adrena lec tomized r a t s . It has been 
shown in a va r i e ty of species that reduction of rena l function occu r s after 
adrena lec tomy [see Smithl^j for rev iew] . Thus it is possible that one of 



t he r e a s o n s for the tox ic i ty of D2O is a d i s t u r b a n c e of a d r e n a l func t ion . In 
a g r e e m e n t wi th t h i s s u p p o s i t i o n a r e the o b s e r v a t i o n s tha t the a d r e n a l s i n ­
c r e a s e in s i z e by a s m u c h a s 50% in d e u t e r a t e d r a t s , and t h a t h y p o p h y s e c -
t o m i z e d a n i m a l s , wi th a t r o p h i c a d r e n a l s , show tox ic ef fec ts a t m u c h l o w e r 
l e v e l s of DgO.l^) 

T A B L E 24 

Effect of D2O on k i d n e y funct ion in r a t s 

Days on 
D2O 

-50 
- 4 3 
-2 

Av b e f o r e 
D2O 

3 
9 

15 
22 
29 
36 

After H2O 
1 
5 

P l a s m a 
D2O, % 

m 

-

_ 

9.7 
18.2 
20.6 
23.2 
26.0 
28 ,3 

19.8 
< 5 

No . of 
r a t s 

7 
8 
8 

23 

8 
8 
8 
8 
8 
6 

5 
4 

Body 
weight , g 

246 
251 
266 

™ 

261 
265 
263 
260 
258 
249 

254 
250 

M l / m i n / l O O cm^ 
U r i n e F l o w 
Av 

0.033 
0.027 
0.031 
0.030 

0.022 
0.015 
0 .014 
0 ,017 
0.017 
0 .013 

0.026 
0.032 

S .E . 

0.003 
0.003 
0.002 
0.002 

0.002 
0.001 
0.001 
0.002 
0.003 
0.002 

0.004 
0.005 

' s u r f a c e a r e a 
CCr 

Av 

0.521 
0.616 
0.521 
0.551 

0.592 
0.396 
0.372 
0,283 
0.249 
0.228 

0.434 
0.628 

S .E . 

0.050 
0.025 
0.027 
0.022 

0.036 
0.028 
0.037 
0.045 
0.039 
0 .017 

0.039 
0.012 

C P A H 
Av 

2.57 
C ^uL 
2.54 
2.43 

2.50 
1.53 
1.71 
1.25 
1.52 
0.92 

1.42 
2.60 

S.E. 

0.20 
0.06 
0.20 
0.10 

0.17 
0.19 
0.17 
0.11 
0.23 
0.21 

0.24 
0.29 
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INFLUENCE OF THE ENDOCRINE GLANDS ON RADIATION-INDUCED 
HYPERPIGMENTATION IN MICE 

Walter C. Quevedo, J r . , Douglas E. Smith, and Douglas Grahn 

When pigmented mice a r e exposed daily to gamma radiat ion 
(6 r / d a y to 410 r /day ) , the skin of the ex t remi t i e s becomes p rogress ive ly 
darkened.^' '^/ The hyperpigmentat ion induced by radiat ion is cha rac t e r i zed 
by an inc reased ep idermal melanizat ion resul t ing from the enhanced a c ­
tivity of melanocytes within the basal layer of the epidermis.^-*-"-^z Shield­
ing exper iments have demons t ra ted that a d i r ec t exposure of ep ide rmal 
melanocytes to radiat ion is requi red to el ici t hyperpigmentation.(1) The 
inc reased ra te of melanogenes is within i r r ad i a t ed melanocytes is a t t r ibuted 
to the removal of inhibi tory sulfhydryl (-SH) groups and the consequent r e ­
l ease of the pigmentogenic enzyme tyros inase . l^) Although hormones a r e 
known to play an impor tan t role in the regulat ion of mammal i an 
pigmentation, 15,6) H^Q extent to which radiat ion- induced darkening is a lso 
dependent on their action r ema ins to be elucidated. To tes t the possibi l i ty 
of an endocr ine- rad ia t ion in teract ion during hyperpigmentat ion, the 
hormonal s ta tus of mice was var ied ei ther by surg ica l removal of ce r ta in 
endocrine glands p r io r to i r r ad ia t ion or by the introduct ion of supplemen­
ta ry doses of hormones into intact an imals concur ren t with i r r ad ia t ion . 
The p resen t r epor t s u m m a r i z e s briefly the findings thus fa r . 

Exper imenta l 

C57BL and LAFj mice (3-6 months old) of both sexes were employed 
throughout. Pigmentat ion changes were studied in the plantar sur faces of 
the hind feet which have been shown to be ideally suited for this purpose.l-^-' 
All mice received total body doses of ei ther 97 r / d a y or 125 r / d a y of 7 - rays 
f rom a Co sou rce . At these daily doses intact mice genera l ly survive 
from 4 to 7 weeks . Definite hyperpigmentat ion is observed by approximate ly 
9 days of exposure and p rogress ive ly i n c r e a s e s thereaf te r , so that by 
25 days the plantar surfaces a r e intensely darkened. By employing an 
a r b i t r a r y grading sys tem as a m e a s u r e of i nc reased pigmentation during 
this period, a compar i son of the p r o g r e s s of hyperpigmentat ion was made 
between intact mice and inice of a l t e red endocrine s t a tus . In addition, 
observat ions were made on a sma l l e r number of an imals exposed daily to 
u l t raviole t i r r ad ia t ion . 

Cas t ra t ion . Thir ty- two C5 7BL and LAFj mice of both sexes c a s ­
t r a t ed from 3 weeks to 3 months p r io r to i r r ad ia t ion subsequently developed 
hyperpigmentat ion a t approximate ly the same ra te a s did the cont ro ls ; both 
achieved the max imum grade of pigmentation by 25 days of exposure to 
7 - r a d i a t i o n . A s imi la r fai lure of cas t ra t ion to affect in any obvious fashion 



the p r o g r e s s of hyperpigmentat ion was observed when cas t ra ted and control 
mice were exposed daily to u l t raviole t radiat ion. After 16 daily exposures 
to UV, both intact and cas t r a t ed mice showed s imi la r deg rees of tanning in 
the plantar surfaces of the feet. 

Adrenalectomy. Daily exposure to 7-radia t ion was init iated from 
1 to 3 days after removal of the adrena l glands. All adrenalec tomized 
mice received sodium chloride (0.9%) in the drinking wate r . Although 
ear ly mor ta l i ty was observed, 14 of 18 operated LAFj and C57BL mice 
survived for 9 days or longer . In these mice hyperpigmentat ion apparent ly 
developed at the no rma l r a t e ; a t death, the adrenalec tomized mice were a s 
darkly pigmented a s intact control mice exposed to 7- rad ia t ion for com­
parable per iods of t ime . 

Supplementary cor t i sone . Among the LAF^ mice receiving daily 
7 - i r r ad ia t ion together with 2.5 to 6.0 mg /day of cor t i sone ace ta te , a s t r ik ­
ing suppress ion of darkening ivas observed in addition to an ea r ly mor ta l i ty . 
Of 21 mice so t r ea ted only 7 survived from 9 to 12 days . Whereas by 9 days 
the control mice showed a definite darkening, the co r t i sone - t r ea t ed mice 
surviving beyond 9 days failed to da rken . The major i ty of 1 5 LAF^ mice 
t rea ted with 1.25 m g / d a y of cor t isone survived longer than those receiving 
l a r g e r doses and developed hyperpigmentat ion. However, throughout the 
period of observat ion the co r t i sone - t r ea t ed mice were consistent ly graded 
as being l e s s pigmented than the con t ro l s . 

Supplementary adrenocor t ico t ropin (ACTH). Twenty-four LAFj and 
C57BL mice exposed to daily 7" i r rad ia t ion and injected daily with from 1 to 
4 U.S.P. units of Cor t icot ropin-Gel (Wilson) became hyperpigmented at e s ­
sential ly the same ra te as did the cont ro l s . All mice survived throughout 
the period of observation, which var ied from 1 6 to 28 days . 

Summary and Conclusions. The fai lure of cas t ra t ion to influence 
significantly the development of hyperpigmentat ion in i r r ad ia t ed mice is 
in con t ras t to the r e p o r t s of ve ry poor tanning r e sponses in male and 
female human c a s t r a t e s exposed to u l t raviole t l i gh t . 1 ' ' At p resen t , no 
definitive s ta tement can be made a s to the na ture of the inhibition imposed 
by cor t isone on the melanin formation t r i gge red by 7- rad ia t ion . It i s p o s ­
sible that cor t i sone does not ac t d i rec t ly on melanocytes but indirect ly by 
suppress ing the re lease of essen t ia l hormones from the pi tu i tary gland.*' -' 
Hypophysectomized animals a r e cur ren t ly being atudied to t es t for the 
possible contributions of pi tui tary hormones to radiat ion- induced hyper ­
pigmentation. The fai lure of ACTH to inhibit piginent formation is s u r ­
pr i s ing since ACTH acts to promote the r e l ea se of cor t i sone- l ike 
compounds by the adrena l cor tex . Poss ib ly the rapid inactivation of 
exogenous A C T H C ^ ) or the contamination of ACTH prepara t ions by other 
pi tui tary hormones(5»8) jnay account for i ts apparent ineffect iveness . The 
r e su l t s obtained thus far, except in the case of l a rge doses of exogenous 



115 

cor t i sone, suggest that the occur rence of hyperpigmentat ion during daily 
i r r ad ia t ion may be la rge ly independent of hormonal control . Obviously, 
however, the validity of such a conclusion will depend heavily on the r e ­
sul ts obtained with i r r ad ia ted , hypophysectomized a n i m a l s . 
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RADIATION PROTECTION EXPERIMENTS IN MICE 
EXPOSED TO FISSION NEUTRONS 

Howard H. Vogel, Jr„ and Donn L, Jordan 

1. Compara t ive Effects of Singles, Pos t i r r ad i a t ion Intravenous 
Injection of Homologous Bone Marrow Cells in Mice 

I r r ad ia ted with Lethal Doses of F i s s ion 
Neutrons and Co^° 7 -Rays 

C F NOo 1 female m i c e , 6 to 8 weeks of age, were exposed to a single 
dose of fission neutrons or of Co* ' '7 - rays sufficiently high so that 95-100% 
would die within 30 days. The exposures were c a r r i e d out in the g a m m a -
neutron radiat ion chamiberl^) at the CP~5 r e s e a r c h r e a c t o r . Ninety-four 
mice w e r e exposed to 360 r ads of f ission neutrons in 100 min with the 
r e a c t o r operat ing at 1000 kw; 69 additional mice were exposed to a single 
dose of 1082 r of Co*° 7«-rays del ivered at an intensi ty of 13,3 r /min„ Each 
s e r i e s of i r r ad i a t ed mice was then subdivided into two groupsj, the f i r s t 
rece iv ing an intravenous injection via the tai l vein of 0„2 cc b o n e - m a r r o w 
cel ls in Tyrode ' s solution, the second half receiving 0,2 cc of Tyrode ' s 
solution only„ All injections were completed within a few hours following 
i r rad ia t ion . 

The b o n e - m a r r o w cel ls were obtained from the femora of other 
CF No„ 1 female mice of approximately the same age as the i r r ad i a t ed 
an ima l s . The donor mice were sacr i f iced with e the r , and both femurs 
were d issec ted free„ The head of each femur was then cut off, and the 
cel ls were washed out of the m a r r o w cavity into a smal l g lass dish with 
a smal l amount of s t e r i l e Tyrode ' s solutions by means of a hypodermic 
needle„ F o r every i r r ad i a t ed mouse that rece ived a b o n e - m a r r o w in­
jection, one donor mouse was sacr i f iced, and each b o n e - m a r r o w injection 
contained the equivalent of the cel lular contents from two f e m u r s . 

The r e su l t s of this exper iment a r e i l lus t ra ted in F ig , 43 , It is 
c lear from the cumulat ive mor ta l i ty indicated for the 7 - i r r a d i a t e d mice 
that the single in t ravenous injection of b o n e - m a r r o w ce l l s gave definite 
protect ion. All of the 34 i r r ad i a t ed controls died within 10 days after 
exposure . In contrast^ only 15 of the 35 mice (43%) that rece ived bone-
m a r r o w cel ls died during the 30-day per iod following i r r ad ia t ion . The 
protec t ive action of these cel ls following i r r ad ia t ion with f ission neut rons 
is much l e s s evident. F o r 7 or 8 days after exposure , no protec t ion by 
the m a r r o w cel ls i s evident. However^ the re is evidence of m a r r o w -
protect ion in the neu t ron - i r r ad i a t ed mice after the f i r s t week, and the 
30-day lethali ty i s d e c r e a s e d . 



Cytological s tudies of the duodenum of neu t ron - i r r ad i a t ed mice 
have shown that the ea r ly 4-9 day mor ta l i ty , cha rac t e r i s t i ca l ly seen after 
i r r ad ia t ion with f ission neut rons , is co r re l a t ed with seve re damage and 
pa r t i a l denudation of the in tes t ina l mucosa.!^) Mice i r r ad i a t ed with Co 
7 - r a y s , within the acute lethal dose range, do not die from this in tes t inal 
syndrome . Although thei r in tes t inal ce l l s show damage following exposure , 
r e cove ry is rapid, and the in tes t inal lining appea r s well r epa i r ed within 
3 to 4 days after i r r ad ia t ion . It s eems probable , the re fore , that bone-
m a r r o w cel ls failed to pro tec t neu t ron - i r r ad i a t ed mice during the f i r s t 
week after exposure because these ani inals were dying as a r e su l t of 
in tes t ina l damage agains t which the b o n e - m a r r o w cel ls were ineffective. 
In cont ras t , X- or 7 - i r r a d i a t e d mice a r e -well protected by b o n e - m a r r o w 
cel ls because the i r hematopoiet ic sy s t ems a r e s t imulated to prevent 
death from the usual "hematological syndrome ." 

2. The Synergis t ic Action of Intravenous Bone-Mar row Cells and 
Streptomycin in Pro tec t ing Neu t ron- I r rad ia t ed Mice 

Since it has been demons t ra ted that an antibiotic such as s t r e p t o ­
mycin can p ro tec t neu t ron - i r r ad i a t ed mice for at l eas t 10 days after 
exposure,!^) it seemed possible that a combination of m a r r o w cel ls and 
s t rep tomycin might r e su l t in be t te r protec t ion than e i ther agent a lone . 
It was thought that the antibiotic would keep some of the i r r ad i a t ed mice 
alive beyond the period of the intest inal syndrome, and that the bone-
m a r r o w cel ls could then a s s u m e thei r protect ive role in helping to prevent 
the l a t e r deaths a s soc ia ted with the des t ruc t ion of the blood-forming 
e l emen t s . 

Approximately 130 CF No. 1 female mice were i r r ad i a t ed with 
350 r a d s of fission neut rons at C P - 5 . The r eac to r was opera ted at 
2000 kw, twice the power of the f i r s t exper iment , so that the second ex­
posure was c a r r i e d out in 46 min, a t a dose r a t e of 7.5 r a d s / m i n . The 
i r r ad i a t ed mice were divided into four equal groups as follows: 

Group I (32 mice) rece ived a single in t ravenous injection of bone-
m a r r o w cel ls (0.2 cc in Tyrode ' s solution) within a few 
hours after exposure . 

Group II (32 mice) rece ived a single in t ravenous injection of bone-
m a r r o w cel ls and, in addition, rece ived daily subcutaneous 
injections of s t rep tomycin (5 mg in 0.5 cc physiological 
saline) for the f i r s t 12 days after i r r ad i a t i on . 

Group III (32 mice) rece ived a single in t ravenous injection of Ty rode ' s 
solution (0.2 cc) and daily s t rep tomycin inject ions, as above. 



Group IV (30 mice) rece ived a single intravenous injection of 
Tyrode ' s solution plus daily subcutaneous injections of 
0.5 cc physiological sal ine solution, 

A fifth group of 32 mice se rved a s un i r rad ia ted con t ro l s . 

The r e su l t s of this exper iment (Fig. 44) tend to support the 
hypothes is . Although daily s t rep tomycin therapy alone (Group III) p r o ­
tected the i r r ad ia t ed mice for at l eas t 9 days , protect ion was not evident 
thereaf ter ; the 30-day mor ta l i ty figure (75%) was not great ly reduced from 
that of the sa l ine- injected i r r ad ia t ed mice of Group IV (87%). A single 
bone- m a r r o w injection (Group I) reduced the 30-day mor ta l i ty to only 25%. 
Most of these deaths occur red during the f i r s t 8 days after exposure , during 
the per iod of intest inal damage . When both agents were combined (Group II), 
a synerg is t ic protect ive action was observed; only 3 mice of the 32 i r r a ­
diated (9%) died witMn the 30-day period, in con t ras t to approximate ly 90% 
in Group IV, which received nei ther therapeut ic agent . 

3 . Isologous Bone-Mar row Injections 

Although the r e su l t s of the f i r s t exper iment showed protect ion when 
30-day mor ta l i ty was used a s the c r i t e r ion , (Fig. 43), the i r r ad i a t ed mice 
should be followed for longer per iods in o rde r to study possible incompat i ­
bility reac t ions between host and donor c e l l s . Thus, of the 33 mice that 
survived the 30-day period in the 7 - r ay and neutron exposures i l lus t ra ted 
in F ig . 43, 22 died between the 30th and 90th days after i r r ad ia t ion . After 
single acute exposures to these rad ia t ions , t he re a r e usual ly few deaths 
between the 30th and 100th days . This phenomenon of delayed deaths after 
homologous b o n e - m a r r o w injections pa ra l l e l s the reac t ions following 
heterologous t r ans fe r of r a t ce l ls to the mouse . 

The CF No. 1 mouse used in the f i r s t two exper imen t s , and obtained 
commerc ia l ly f rom Carwor th F a r m s , is not a pure inbred l ine . Severa l 
skin t r ansp lan t s have been a t tempted between individual mice of this s t r a in 
and invar iably these homo t rans plants showed des t ruc t ion within a 2-week 
per iod . This is good evidence that the genes a r e not ident ical and that the 
b o n e - m a r r o w ce l l s used a r e the re fore homologous r a the r than isologous . 

In o rde r to de te rmine whether the delayed deaths could be el iminated 
by using isologous r a the r than homologous bone m a r r o w , a third exper iment 
was c a r r i e d out using C57BL/6 black mice , a c losely inbred s t r a in . A total 
of 36 mice was i r r ad i a t ed with 350 rads f iss ion neu t rons . Half of these 
were given isologous b o n e - m a r r o w cel ls f rom other C57 black donors in a 
single in t ravenous injection after i r r ad i a t i on and were a l so injected daily 
for 12 days with s t rep tomycin . The other half rece ived a single intravenous 
injection of Tyrode ' s solution and daily subcutaneous injections of sa l ine . 
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Of the 18 mice in the second group, al l had died by day 9 (Fig. 45). Mice 
of the f i r s t group were protected somewhat by the combination of bone 
m a r r o w and s t rep tomycin although the protect ion was not a s marked a s in 
the CF No. 1 m i c e . The 9-day LDjoo was reduced to an apparent 9'-day LD28. 
In the acute 30-day period, 8 of the 18 mice died. It will be of i n t e r e s t to 
see if any of the 30-day su rv ivors show the "delayed death" in the 30- to 
90-day period, as has been found after the use of both homologous and 
heterologous b o n e - m a r r o w c e l l s . 
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PILOT STUDY OF SUBACUTE IRRADIATION FOR FUTURE 
FAST NEUTRON AND GAMMA-RAY EXPOSURES 

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

Use of the t h e r m a l column of the CP-5 r eac to r for the Neutron 
Toxicity P r o g r a m is r e s t r i c t e d to re la t ive ly shor t per iods , in keeping 
with a schedule of use by seve ra l i nves t iga to r s . Thus l o n g - t e r m i r ­
radia t ions in a low-dose range p resen t a problem of planning for in ­
vest igat ions of chronic dose effects. The p re sen t pilot study is in 
p r o g r e s s to evaluate the effects of a s e r i e s of fract ionated doses 
f rom the 30-day LDjoo acute dose ranges of f iss ion neut rons and 
7 - r a y s through the subacute a r e a to a v e r y low total dose . The in­
formation should be useful in planning a l a rge r exper iment in the 
chronic a r e a . 

The schedule of exposures to f ission neut rons is given in Table 25 . 
A total of 198 CF No. 1 mice was used . Each group was given 13 exposures 
at a constant dose r a t e (4.6 r a d / m i n ) , but the exposure time for each s u c ­
cess ive group was i nc reased by a factor of 2 to yield total doses ranging 
from 29 to 908 r ad . 

TABLE 25 

Schedule of exposures to f ission neut rons 

Group 

A 
B 
C 
D 
E 
F 

Control 

Number 
of 

animal s 

18 
36 
18 
36 
18 
36 
36 

Total 
exposure 

t ime* 
min 

209 
104 

52 
26 
13 

6.5 
0 

Dose 
per 

exposure , 
rad 

69.9 
36.0 
17.5 

9.0 
4 .4 
2 .2 

0 

Total 
dose , 
rad 

908 
468 
227 
117 

57 
29 

0 

13 exposures 

F o r Co 7 - r a y s , a s imi l a r schedule of exposures was applied to 
158 mice at 13.5 ± 0.4 r per minute , with the max imum dose group at 
2811 r (Table 26). 



TABLE 26 

Schedule of exposure to 7 - r a y s 

Group 

A 
B 
C 
D 
E 
F 

Control 

Numbe r 
of 

an ima l s 

18 
24 
18 
24 
18 
24 
32 

Total 
exposure 
t ime,^ min 

209 
104 

52 
26 
13 

6.5 
0 

Dose 
per 

exposure , r 

216.3 
111.5 

54.1 
27.9 
13.5 

6.9 
0 

Total 
dose, r 

2811 
1450 

703 
362 
176 

91 
0 

1 3 exposures 

The an imals in Group A of each i r r ad ia t ion ca tegory showed the 
mor ta l i ty pa t te rn assoc ia ted with acute single exposu re s . The su rv ivor s 
a r e being observed to de te rmine survival t ime and incidences of c a t a r a c t s , 
lymphomas , and other fumors . 
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MODERATED NEUTRON FLUX IN THE C P - 5 BIOLOGICAL FACILITY 

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

In neutron toxicity studies involving energ ies g rea te r than the rma l , mod­
era t ion both within the o rgan i sm and in the shielding appea r s to be inevitable. 
The degree to which these modera ted neutrons affect the r e su l t s can be 
shown to be a function of the spec t rum of incident neutrons and the geomet ry 
pecul iar to each facil i ty. Recent studies(l»^) have suggested that neu t rons 
in the ep i the rmal region (0.1 to 100,000 ev) may be of cons iderable b io ­
logical impor tance and may have higher RBE values than those obtained with 
h igh-energy or pure ly the rmal neu t rons . 

Such elevated RBE values a r e theore t ica l ly reasonable in view of the 
probabil i ty that ep i the rmal neutrons occasion biological damage through 
both act ivation and coll ision p r o c e s s e s . High resonance c r o s s sect ions a r e 
avai lable in the ep i the rmal region for many of the biologically common 
nuclides.(-3) F u r t h e r m o r e , the maximum bond energy of biological com­
pounds (5 ev) is exceeded by the major i ty of ep i the rmal coll ision p r o c e s s e s 
which occur in t i s sue , pa r t i cu la r ly since the coll is ion c r o s s sect ions for 
mos t biological nucl ides i n c r e a s e with decreas ing neutron energy. In o rde r 
to de te rmine the ep i thermal neutron flux for the calculat ion of biological 
effectiveness, a s e r i e s of act ivation studies has been made , and values for 
t he rma l and h igh-energy neutron flux were obtained s imul taneously for 
compar i son . 

Thermal neutron flux was es t imated by m e a s u r e m e n t of the a c t i ­
vation and cadmiuin ra t io of 10-mg gold foi ls . These were counted on a 
sodium iodide scint i l la t ion counter and compared with s tandard gold foils 
which had been ca l ibra ted against f ission counters in a known the rma l 
neutron flux. 

High-energy neutrons were es t imated by act ivat ion of s tandard 
sulfur d i scs which w e r e then counted in a ca l ibra ted GM end-window 
counter .* F r o m the known c r o s s sect ions of sulfur and the h igh-energy 
s p e c t r u m of the CP-5 biological facility,!^) it has been es t imated that the 
sulfur-act ivat ing neut rons r e p r e s e n t 7,4% of the total flux in the region 
0.1 to 10 Mev, The same value has a l so been obtained by a different 
method, (5) 

In es t imat ing the ep i the rmal neutron flux in the region 0,1 to 
100,000 ev, use was made of the "slowing down densi ty" t rea t raen t of 
Hughes.^^/ If a d E / E spect rum(°) is a s sumed , a reasonable a s sumpt ion 
for the u ran ium m a t r i x and graphi te , water and concre te la t t ice of the 

*Couiiting was done by E . Tochilin, U. S. Naval Radiat ion Defense 
Labora tory , San F r a n c i s c o . 



facility, the flux in any single decade of neutron energy, (nv)jg, may be ex­
p r e s s e d in t e r m s of the t h e r m a l flux, (nv)22oo> ^J the express ion 

(r..AT^ - (nv)22Q0 ^2200 l^elO 
(nvJE - ~~ —^00 ^ dE " 

(RCd-1) / ^a E 
0.07 

where CJjzoo is the t he rma l c r o s s section, 

RCd the cadmiixm ra t io and 

dE 
^a. the act ivat ion in teg ra l . 

E ^ 
0.07 

Samples for activation, ei ther uncovered or encased in 0.03-inch 
cadmium foil, were exposed for 2 hr in the CP-5 biological faci l i ty . ! ' ) 
Power was maintained at two megawat t s , and the bora l shut ter before the 
u ran ium conver te r plate was se t a t "full open" posi t ion. Samples were 
i r r ad i a t ed within plast ic mouse phantoms and surrounded by a full load of 
phantoms to s imulate s tandard conditions for the exposure of aninaals. 
Samples were then counted with a GM end-window counter , counting 
being continued until the des i r ed , act ive, nuclide had been posi t ively ident i ­
fied and in te r fe rence f rom other nucl ides had been e l iminated. The gold 
foils were identical with those employed for es t imat ion of the the rmal flux. 
The copper samples were 220-mg foils, 33/i in th ickness . The sodiuna and 
iodine were employed as 220-mg p r e s s e d d i scs of chemical ly pure , anhy­
drous sodium carbonate and para- iodobenzoic acid respect ive ly ; the d i scs 
were 0.9 min high and 13 m m in d i a m e t e r . 

Resul t s a r e p resen ted in Table 27. Reproducibil i ty was found to be 
excellent , but consis tent d i sc repanc ie s with r e s p e c t to ep i the rmal neut ron 
flux appeared among the different nucl ides . These d i s c r epanc i e s v e r y 
probably ref lect uncer ta in t i es in the avai lable values of c r o s s sect ions and 
of cor rec t ions for the 0.07 to 0.4 ev integral .(8) It i s evident, however, 
that the total fluxes in each of the th ree major energy regions a r e of the 
same o rde r of magnitude and that the ep i the rmal flux is nea r ly equal to that 
of the h igh-energy neu t rons . 

This high value for the ep i the rma l neutron flux suggests that d i s ­
c repanc ies in RBE values among the var ious neutron i r r ad ia t ion faci l i t ies 
may well be due, in par t , to differences in fl\ix of modera ted neut rons , e s ­
pecial ly in view of the insensi t ivi ty of the usual ionization dos ime t ry to 
neut rons in this energy region,(9) in this connection it i s a lso suggest ive 
that, in the th ree faci l i t ies for which data a r e availablel^'^'^'- '-^'H'-'- '^/ the 
apparent RBE for 30-day mouse lethali ty i s inverse ly propor t ional to the 
R e d for Cu^ . 
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TABLE 27 

Neutron flux in the CP-5 biological i r r ad i a t i on facility 

Nuclide 

Na^* 
Cu« 
•|-128 

Au^'S 

Red 

5.7 
4.7 
1.3 
1.6 

Flux, 
neut rons x l O ' y c m Y s e c 

The rma l 

1.8 
1.8 
1.8 
1.8 

Direc t 
sulfur 

0.37 
0.37 
0.37 
0.37 

Derived 
fast 

4.9 
4.9 
4.9 
4.9 

Epi thermal , 
per decade* 

5.8 
5.4 
7.4 
4.9 

Total 
ep i the rmal 

3.5 
3.2 
4.4 
3.0 

•Neut rons x 1 0 ' / c m ^ / s e c . 
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THE E F F E C T O F WHOLE-BODY NEUTRON IRRADIATION ON THE 
VOLITIONAL ACTIVITY OF THE MOUSE 

Norman A. F r i g e r i o , Howard H. Vogel, J r . , Nicholas Bink, 
and Richard B a r h o r s t 

In the cour se of a study of the sequelae of whole-body radia t ion of 
the intact m a m m a l , it seemed of in te res t to develop methods of de te rmining 
physiological effects without des t ruc t ion of the subject. The m e a s u r e m e n t 
of volitional activity as an indication of radia t ion- induced ma la i se l^ / 
appeared promis ing , and a p r e l im ina ry exper iment was conducted to de t e r ­
mine the applicabil i ty of the method to animals i r r ad i a t ed with f iss ion 
neu t rons . 

Four teen CF No. 1 female m.ice, 5 weeks old, each weighing 25 g, 
were placed in s tandard 14-inch activity wheels equipped with d i rec t ion-
insensi t ive revolution counters . Before use the wheels were adjusted to 
constant s ta r t ing and roll ing frict ion and were ca l ibra ted for moment of 
iner t i a according to the method of Lacey.^ ^ The at tached cages were 
c leaned and food and water were renewed weekly. T e m p e r a t u r e and hu­
midi ty were maintained at 75°F and 50%, respec t ive ly , and an autom.atic 
light cycle , 10 hours on, 14 off, was employed. It was obse rved that , due 
to the nocturnal na tu re of these m i c e , over 97% of the act ivi ty r e co rded 
in any one day occu r r ed during the dark cycle. Accordingly the shor t t ime 
requ i red for cage cleaning during the light cycle had v i r tua l ly no effect on 
the observed activity. 

After 57 days of acc l imat iza t ion , 7 mice were chosen at random 
and i r r ad i a t ed at C P - 5 with a sublethal dose of 183 rads of f ission neu­
t r o n s , using the p rocedures descr ibed previously.^ ' After i r r ad ia t ion , 
they were r e tu rned immedia te ly to the i r cages . The remiaining 7 mice 
were s h a m - i r r a d i a t e d in the s a m e manner . The volitional act ivi ty of the 
i r r ad i a t ed animials re la t ive to that of the controls is shown in F ig . 46. 
Each point r e p r e s e n t s the ra t io between average values of the two groups . 
The activity of one of the i r r ad i a t ed an imals d e c r e a s e d continuously and 
sharply , reaching zero on the 63rd day, 6 days after i r r ad ia t ion . This 
animal eventually died on the 71st day, and i ts act ivi ty has been omit ted 
in the construct ion of the curve after the 56th day. A ve ry sha rp drop in 
volitional activity is apparent immedia te ly after i r r ad ia t ion ; th is is fol­
lowed by a per iod of e r r a t i c i n c r e a s e s and d e c r e a s e s after which the 
values eventually approach those of the control group. A final d e c r e a s e 
re la t ive to control values is a ssoc ia ted with inc reas ing age. Since a ve ry 
s i m i l a r pa t t e rn is obtained with X - i r r a d i a t e d r a t s , ' ' it s e e m s l ikely that 
the pa t te rn of radia t ion- induced m a l a i s e is independent of the na tu re of the 
ionizing radiat ion employed, unlike the modes of l e tha l i ty . ' ^ ' 
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Figure 46. Volitional activity measured in CF No. 1 mice irradiated with 
a single sublethal dose of fission neutrons. 

Because of complicat ions introduced by individual differences, 
motivation, and es t rus cycle , it would seem advisable to employ much 
l a rge r numbers of animals in future exper iments of this type in o rde r to 
a s s u r e a higher degree of s ta t is t ica l validity. 
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RECENT DEVELOPMENTS IN THE THEORY OF 
NEUTRON-CAPTURE THERAPY 

Norman A. F r i g e r i o 

In te res t in neu t ron-cap ture therapy has centeredj to date , on the 
use of the Li and B^° in,a) react ions,(1) This has been due p r i m a r i l y to 
two facts? they p o s s e s s high t he rma l c r o s s sec t ions , and the reac t ion 
products have very shor t ranges and high ionization dens i t i es . Resul ts 
have been encouraging, but difficulties of a chemical and physiological 
na ture r ema in unsolved for these two nucl ides . Ionic l i thium or boron 
local ize poorly in t u m o r s , and l i thium compounds which do not r e l e a s e 
ionized l i thium under physiological conditions have not yet been synthe­
s ized. Boronic acid der ivat ives of the acid azo dyes such as Evans Blue 
and t rypan blue(2) have given p romis ing resu l t s . (3) However, our r ecen t 
exper ience with these compounds has been that concentra t ion of the dye 
in vivo is not accompanied by concentrat ion of the boron, which appea r s 
to be hydrolyzed to free bor ic acid by enzymes p r e sen t in the o rgan i sm 
before a high differential concentra t ion can be achieved in the neoplasm. 

In consider ing a l t e rna t ives to these nucl ides , the U^^' and U^^^ 
(n,f) r eac t ions appeared pa r t i cu la r ly p romis ing . Thei r instantaneous 
energy yield is of the o rde r of 200 Mev pe r p r o c e s s , some 90 t imes as 
grea t as that of the B' '° (n,a) reac t ion . In addition, t h e r m a l and ep i the r -
mal(4) c r o s s sect ions a r e quite high, and over 90% of the energy yield 
appears as s h o r t - r a n g e , densely ionizing p a r t i c l e s . Of the potential ly 
f issionable nucl ides , these alone p o s s e s s sufficiently low specific ac t iv ­
i t ies so that cons iderable body burdens might be to le ra ted without fear 
of extensive radia t ion injury. 

F r o m cons idera t ion of the p r o p e r t i e s of the b lood-bra in b a r r i e r ( 5 ) 
it appeared that effective local izat ion of act ivatable nucl ides in b ra in 
t u m o r s , as well as low toxicity to no rma l ce l l s , might be achieved by 
the use of r e sonance - s t ab i l i zed he terocycl ic compounds of high molecu ­
l a r weight, especia l ly those of high negative charge densi ty. Accordingly, 
a s e r i e s of u ran ium and other actinide and lanthanide compounds of this 
type has been synthesized by us and sc reened for chemical toxicity and 
tumor local izat ion. These compounds include meta l phthalocyanines , 
porphyr ins and Schiff base complexes . 

To date the mos t successful of these compounds have been the 
sulfonated phthalocyanines . The min imum lethal dose ( intravenous) for 
mice is over 1000 m g / k g , and doses in th is range a r e without apparent 
effect on the health or breeding abili ty of the rec ip ient mice or of the i r 



offspring. Local izat ion in bra in t u m o r s has been s t r ik ing , with differ­
ential concentrat ions of 50 and over having been achieved routinely. In 
addition, these compounds a r e highly colored, great ly simplifying location 
of the t u m o r s . 

In consequence of these favorable c h a r a c t e r i s t i c s , analogs of the 
compounds containing nonfissionable nuclides have also been synthesized 
and a r e being studied as poss ible radiological con t ras t media» Methods 
developed for thei r synthesis have included fusion with phthaloni t r i le , m e ­
ta thes i s with dil i thium phthalocyanine and reac t ion with sulfonated phthal-
amide . The phthalocyanines of u ran ium, thor ium, lanthanum, gadolinium 
and neodymium have been p r e p a r e d . They a r e deep blue or green solids 
posses s ing s t rongpurp le re f lexes ; apparent ly they contain one a tom of me ta l 
pe r phthalocyanine r e s idue . They decompose in vacuo at 350 to 500°C to 
yield the me ta l - f r ee phthalocyanine as a subl imate . The unsulfonated 
compounds a r e soluble only in concent ra ted sulfuric and fluosulfonic ac ids , 
f rom which they may be prec ip i ta ted by dilution; such t r ea tmen t r e su l t s in 
slow decomposit ion of some of these compounds. 

It is apparent from considera t ion of ce r ta in p a r a m e t e r s of the 
neu t ron-cap tu re p r o c e s s in m a m m a l s that the useful nuc lear reac t ions 
need not depend on t h e r m a l act ivation or p rompt pa r t i c l e emiss ion . 
Among those reac t ions in resonance region that yield pa r t i c l e -emi t t ing 
nucl ides , t he re a r e miany of acceptably high c r o s s sect ion. F o r ^ -emi t t ing 
nuclides of shor t half-life in m a m m a l s of modera te s i ze , express ions have 
been der ived which show that dose dis t r ibut ion effectively approx imates 
that f rom the avai lable (n,a) r e a c t i o n s . Radiat ion damage by neut rons of 
low energy is due p r i m a r i l y to the activation of N, H, B, and Ci in the 
t i s sues . Since the act ivat ion c r o s s sect ions of these e lements follow the_ 
l / v law, thei r act ivation will be much l e s s in the ep i the rmal than in the 
t h e r m a l region. Therefore , ep i the rmal neut rons can be used to act ivate 
se lect ively those nuclides with s t rong r e s o n a n c e s , without incur r ing this 
type of radia t ion damage . Neutrons of sui table energy can be obtained by 
fi l t rat ion of modera ted f ission neut rons with nuclides of high t h e r m a l 
absorpt ion c r o s s sect ion such as Li^» Thus ep i the rmal activation of the 
na tura l I '̂  in thyroid neoplasms might r e su l t in very effective therapy 
without incur r ing the whole-body dose inevitable with I^'^ t r ea tmen t . He re , 
too, i t would be poss ib le to t r ea t neoplasms which, having lost the i r abil i ty 
to take up iodine, a r e unrespons ive to injected I \ So long as they r e ­
tained any na tura l iodine, they would r e m a i n vulnerable to ep i the rmal 
activation^ 

The genera l synthesis of nontoxic, he te rocyc l ic compounds of high 
molecu la r weight containing act ivatable nucl ides , coupled with ep i tne rmal 
activation, makes poss ib le many extensions of neu t ron -cap tu re therapy . 
Nontoxic solutions or colloidal suspens ions , chemical ly modified for 
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m.aximum physiological local izat ion, might be admin i s te red freely and 
activated to any des i red degree in situ. Considerable f reedom in choice 
of nuclide is poss ible with these compounds, permi t t ing use ei ther for 
therapy or for diagnosis . In the la t te r ca se , pos i t ron emi t t e r s would be 
pa r t i cu la r ly useful s ince the annihilation radia t ions accompanying thei r 
decay may be conveniently located with coincidence detectors . (6) 
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ON A MODIFICATION OF THE POWER FUNCTION 

Descript ion of Body Burden from Measured Retention 

Sylvanus A. Tyler 

The "gross re tent ion"* in humans and in animals of s eve ra l r ad io ­
active isotopes after a single adminis t ra t ion , has frequently been desc r ibed 
empi r i ca l ly by the power function, 

Rs(t) = At"^, 0 < b < l (1) 

where Rs(t) is the amoxmt of the del ivered m a t e r i a l re ta ined at t ime t, and 
A and b a r e cons tan ts . ! 1'2,3,4) Though it is genera l ly felt that th is d e s ­
cr ipt ion is in no way indicative of mechanismi, i ts popular i ty as a s ta t i s t i ca l 
tool is a consequence of (a) the ease with which e s t ima te s of the c h a r a c t e r ­
izing constants a r e obtained and (b) the numer i ca l s tabi l i ty they p o s s e s s . 
The disquieting disadvantage of this empi r i ca l model is i ts behavior at t = 0 
which is i r r econc i l ab le with the physical r equ i remen t that ini t ial re tent ion 
must be finite. In this note, a slight modification of Equation 1 is p resen ted 
that is both free of this difficulty and asymptot ica l ly equivalent to Equation 1 
The behavior of this model for repea ted and continuous adminis t ra t ions is 
examined and compared with exper imenta l findings. 

P roposed Modification 

Assume that the single dose , re tent ion function is given by 

Rs(t) =i 

^"°^ • ̂  , t > 0; a , b cons tan ts , 0 < b < l , 0 < a ^ l . 

(2) 

, 0 o therwise , 

where RQ is the amount admin i s t e red . Equation 2 is equal to Ro at t = 0, 
and asymptot ica l ly approaches Equation 1 as t ime i n c r e a s e s . The ins tan­
taneous ra te of excre t ion and the coefficient of el iminat ion (CE) a r e thus 
given by Equations 3 and 4. 

d Rg(t) ^ Rpba^ ijs 
dt ( t + a ) b + i 

^ "Gross re ten t ion ," as used h e r e , r e f e r s to the total quantity of the 
admin i s t e red substance remaining in the body, including both the orig­
inal e lement and the products remain ing after decay. "Net re ten t ion" 
we define as a m e a s u r e of the res idua l labeled substance p re sen t in 
the body. 
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Total insult (integrated retention, IgCt)) sustained from a single adminis t ra­
tion of a toxic ma te r i a l at any t ime t after adminis t ra t ion is 

I s ( t )= Rs(v)dv = 
_ RoOp 

1 - b 
(t +af~^ » a i -b (5) 

The co r r ec tnes s of Equation 5 requ i res that decay in toxicity over the in­
te rva l investigated be negligible. 

The extension to the case of repeated, single adminis t ra t ions is 
immedia te . Suppose an amount of radioact ive ma te r i a l D is del ivered in 
n + 1 fractions of amounts di at t imes t j , i = 0, 1, 2, n, 

D = . I Q di.to = 0, ti < t i+ i . Then under the assumption that the proport ion 

retained at any t ime t is a function of the t ime elapsed from adminis t ra t ion 
and is independent of the preceding number of adminis te red fract ions, the 
amount retained (Rd(t)) at any t ime t is given by 

Rd(t) = a.b 
P 
z dj 

,(t - tj + a ) b 
, t / t j 

Rd(ti-) = oP^Y 
3 = 0 

(ti " t j T ^ ' Rd(O-) = 0 

Rd(ti+) = Rd(ti-) + di (6) 

where p is equal to the subscr ip t j of the tj immediate ly preceding t. The 
total insult sustained at t ime t is found by integrat ing Equation 6 over the 
requi red t ime range . The function Rci(t) under repea ted adminis t ra t ion 
pos se s se s jump discontinuities at t imes tj^. Thus, at these t imes the r e ­
tention function has two values - one is the l imit of the function from the 
left (Rd(ti-)); the other is the corresponding l imit value from the right 
(Rci(ti+)). Piecewise continuity of Rd(t) i s , of course , r equ i red . 

If adn. inis trat ion is continuous at a ra te q per unit t ime to t ime T, 
the artiount re tained at any t ime t > r and the total insult sustained a r e 
expressed by Equations 7 and 8. 

Rc(t) = 
q aP dv 

^- V +o. )b 
qg." 
1 - b 

(t + a )' i - b (t + a -rf (7) 



, I (v+a) 
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' "^ dv I dO) 

qob / ( t + g ) 
l - b \ 2 -

1:1 „ (t-T+a)^"b . , i - b ^ ^ 
-b " 2 -b 

S e v e r a l q u e s t i o n s can be a n s w e r e d on the b a s i s of the above r e s u l t s . 

(8) 

1. At what r a t e u n d e r con t inuous a d m i n i s t r a t i o n wil l t h e r e be r e t a i n e d a t 
s o m e t i m e T an a m o u n t equa l to the r e t e n t i o n a f t e r a s ing le a d m i n i s t r a ­
t ion of i n i t i a l a m o u n t RQ 1 

2 . W h a t r e l a t i o n s h i p e x i s t s b e t w e e n t h e c o n t i n u o u s a d m i n i s t r a t i o n r a t e 
a n d t h e s i n g l e a d m i n i s t r a t i o n arrxount t h a t w i l l p r o d u c e e q u a l i n s u l t 
a t t i m e T ? 

T h e a n s w e r t o q u e s t i o n 1 i s o b t a i n e d b y e q u a t i n g E q u a t i o n s 2 a n d 7 . 

R o ( l - b ) 

t + . - a i " b ( t + . < ) ^ 

B y p u t t i n g IQ{T) = l^r) w e g e t 

(T + a ) i - b - i - b 

(9) 

(10) 

2 - b 2 - b 

t h e r e l a t i o n s h i p r e q u e s t e d i n q u e s t i o n 2 . 

E s t i m a t i o n of C o n s t a n t s 

F o r s u f f i c i e n t l y l a r g e t , t h e a p p r o x i m a t i n g e q u a t i o n ( E q u a t i o n 1) c a n 
b e u s e d t o e s t i m a t e t h e v a l u e s of t h e c o n s t a n t s a b a n d b . If r e c o r d i n g t i m e s 
of t h e r e t e n t i o n v a l u e s a r e a s s u m e d to b e e r r o r - f r e e a n d t h e n u m b e r of r e ­
c o r d i n g s a t e a c h t i m e p o i n t i s e q u a l , t h e w e i g h t e d l e a s t s q u a r e s p r o c e d u r e ( 5 ) 
o n t h e l o g t r a n s f o r m s of t h e v a r i a b l e s w i l l y i e l d e f f i c i e n t e s t i m a t e s of b o t h 
t h e c o n s t a n t s a n d t h e i r a s s o c i a t e d e r r o r s . T h e a p p r o p r i a t e w e i g h t i n g f a c t o r 
f o r e a c h t r a n s f o r m e d r e t e n t i o n v a l u e i s t h e r e t e n t i o n v a l u e i t s e l f . * 

* Statistical analyses of replicated retention data from several animal experiments indicate tliai the 
variance of retained amounts is approximately proportional to the average amount retained. 

a2[R(t)]iR(t) (i) 
Let Wi (t) represent the weight of the retention value (R(t)) and WgCt) represent the weight of the 
log-transform (log R(t)). Then, as a consequence of the variable transformation (6) 

WgCt) = k R^(t) Wĵ (t); k a positive constant (ii) 

Thus, by (i) and (ii). 
W2(t)-R(t) . ^"^^ 



Provided the e r r o r s of the charac te r iz ing constants of the retent ion function 
a r e smal l , the l inear t runcat ion of the formula for propagated e r r o r s in n 
va r i ab le s* will pe rmi t determinat ion of the e r r o r s assoc ia ted with the e s t i ­
ma tes of a, R(t) and l(t). When a suitable portion of the t values a r e not 
l a rge enough to justify use of Equation 1 as the approximating model , e s t i ­
ma te s of the constants may somet imes be de termined by using Equation 2 
di rect ly and employing the general method of fitting nonl inear equations.C^) 
The es t imat ion p rocedure , in this ca se , r equ i r e s extensive computat ions. 

Comment 

"Gross re tent ion" and "net re tent ion" a r e approximate ly equivalent 
over t imes for which the decay of the admin i s t e red m a t e r i a l is negligibly 
sma l l . However, when decay is significant within the per iod invest igated. 
Equations 5 and 8 a r e not appropr ia te and the "net re tent ion" function mus t 
be determined. The retention re la t ions can no longer be exp res sed as e l e ­
men ta ry functions; thus , approximating techniques and graphical methods 
a r e requ i red to effect solutions. Suppose we a r e given the single dose 
"gross re tent ion" function (Equation 2) and a decay constant k. Our defining 
express ion for the "net re tent ion" (R"(t)) following a single adminis t ra t ion 
becomes 

- k t •^^'^ - k t 
R« (t) = R ' t) e = e ; t > 0 , 0 < b <1 

(t+a)b 

0 o therwise , ct, R0, k posi t ive constants ( H ) 

and Equations 3, 4, 5, and 6 mus t be a l t e r ed in like m a n n e r . 

Example** 

As an example of the employment of Equation 2 as model , we shall 
use data from a pilot exper iment conducted for the purpose of investigating 
the re la t ive influence of the admin i s t e red dosage and the re ta ined dosage 
on late pathological changes noted in mice injected with Sr A°) 

CF No. 1 female mice , approximately 70 days old at the beginning 
of the exper iment , were injected in the tail vein with Sr (in equi l ibr ium 
with Y ' ° ) as a chloride in no rma l sal ine at pH 5.5, Single injections at 

•When the e r r o r in xj ( i=l ,2, . . .n) is smal l , 

S^[f(xi,X2,...Xn)] = I I ^ ^ M x i ) 
i = l c3xi 

**We a r e grea t ly indebted to Dr . Mi r i am Finkel of this division for 
kindly placing at our disposal the data u s e d in this example . 
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th ree dosage levels were given, and in addition, 5 equal fractions at 7-day 
in terva ls and 20 equal fractions 5 days a week for 4 weeks (Table 28) were 
admin i s te red at one of the single dosage l eve l s . The amount of Sr"^ re ta ined 
in the living animals was de termined by measur ing the b remss t rah lung 
produced by the beta emanations of the Y'** daughter . Resul ts of this exper i ­
ment a r e shown in Fig . 47. A m e a s u r e of the re ta ined amount was taken 
jus t before and approximately 24 h r after injection. Since the t ime per iod 
of in t e re s t h e r e is exceedingly shor t compared with the ha l f - t ime of Sr , 
al l of the re la t ionships es tabl ished for "gross re tent ion" a r e appl icable . 
Also, the single dose data (Fig, 47) p e r m i t s the u s e of approximating 
Equation 1. Thus the l inear , log-log form of Equation 1 with A = RoO", 

log 
R ' 

s (t)-

Ro 
= log (a^) - b log t (12) 

i s used as model and the weighted, l ea s t squares e s t ima tes of the log-log 
t r ans fo rms of the mean fract ional retention - t ime pa i r s at al l t ime points 
except day 1 a r e de te rmined (Table 29). Substituting these estimiates of a 
and b in Equation 6 with dj = 0,1 Mc/g, j = 0,1,2,3,4, the retent ion Rd(t) was 

Rd(t) 
de termined; the function is plotted in F ig , 48 and compared with the 

r; ĵ 

exper imenta l m e a s u r e m e n t s . AXfi t e s t of the goodness of fit gives a 
probabil i ty of occu r rence by chance of the observed differences roughly 
equal to 0.80, 

TABLE 28 

Injection schedule* 

Total 
dose 

M^g 

1,0 
0.5 
0.25 

0,5 
0.5 

Num.be r 
of 

injections 

1 
1 
1 

5 
20 

Dose per 
injection 

Mc/g 

1,0 
0,5 
0.25 

0,1 
0,025 

Number of 
animals 
injected 

10 
10 
10 

10 
10 

•Taken from re fe rence (8), Table 3, p . 22 by 
pe rmis s ion of au tho r s . 
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The validity of the continuous model as an approximation was 
tes ted using as c r i t e r i a the retention resu l t s from the 20-fraction 
exper iment . Equation 7 was used as model and the function Rc(t)/q'^ 
is plotted in F ig . 49. Values of the experimental ly determined con­
stants used a r e T = 28 days and q = 0.017857 f tc/g/day. ByX n, the 
predic ted retention values a r e compatible with the corresponding ex­
per imenta l m e a s u r e s (probabili ty> 0.99). 

TABLE 29 

Constants of the s ingle-dose retention function 

No. of 
pa i r s 

10 

b 

0.320 

A 

<Jb 

0.003 

log(ab) 

-0 .0943 

A 

^log ab 

0.0124 

ab 

0.805 

A 

% b 

0.023 

a ' 

0.507 

A 

0.014 

50 100 
DAYS AFTER INJECTION da,s after m tyol misctioti 

Figure 47. Body burden as a function of dosage 
pattern and time, F - number of 
fractions. Reproduced from Fig. 6, 
p. 24 of the report of Finkel et al. C )̂ 

Figure 48. Comparison of predicted and experimental 
values for the 5-ftaction experiment. 

it 
Figure 49. Continuous-dose approximation to the 

20-fraction experiment. 



Summary 

A modification of the power function as an empi r i ca l model of r e ­
tention following a single adnainistration of radioact ive t r a c e r s is p resen ted . 
It is shown that this model (a) sat isf ies the imposed initial conditions of r e ­
tention exper iments , (b) is readi ly extended to fract ionated and continuously 
admin is te red dosage pa t t e rns , and (c) is supported by exper imenta l data. 
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RECOVERY FOLLOWING INJECTION OF NONIRRADIATED PROTOPLASM 
INTO AMOEBAE IRRADIATED WITH FISSION NEUTRONS 

II. Pro tec t ive effect of centrifuged cell port ions 

Edward W. Daniels and Howard H. Vogel, J r . 

In previous studies it was shown that exposure to about 15 k rep of 
fission neutrons is sufficient to kill all of a population of the giant amoeba 
Pelomyxa I l l inoisensis within 10 days . ( l ) However, even when this dose 
was doubled, 91% of the i r r ad i a t ed cells survived when noni r rad ia ted homol ­
ogous pro toplasm was added by micrQfusion.(2) In the p resen t r e po r t fur­
ther work is d i scussed which was designed, to help answer the quest ions: 
(a) What a r e the n e c e s s a r y components in the non i r rad ia ted donor p ro to ­
p la sm which a r e essen t ia l for r ecovery in suprale thal ly n e u t r o n - i r r a d i a t e d 
ce l l s? (b) Are these the same as those r equ i red by X - i r r a d i a t e d amoebae 
for r ecovery? (c) Where in the cell is the c r i t i ca l si te of radiat ion damage 
and is this at the same locus r e g a r d l e s s of whether X- r ays or fission neu­
t rons a r e used? It is tentatively a s sumed that if the therapeut ic agent in 
noni r rad ia ted pro top lasm can be isolated, this will r e p r e s e n t in crude form 
the c r i t i ca l site of radiat ion damage in exposed ce l l s . 

In the p resen t work centrifuged port ions of noni r rad ia ted cel ls were put 
into suprale thal ly neu t ron - i r r ad i a t ed amoebae so that separa te s t r a t a of 
in t race l lu la r components could be individually analyzed for therapeut ic capa­
bility. Also, an exper iment is p resen ted h e r e which was designed to d e t e r ­
mine whether the survival pa t te rn after exposure to the two rad ia t ions . 
X- r ays and fission neut rons , involves damage a n d / o r r ecove ry of the same 
component. In this study X- i r r ad i a t ed p ro top lasm was tes ted as a p r o t e c ­
tive agent in neu t ron - i r r ad i a t ed ce l l s . 

Exper imenta l 

Methods of centrifugation and microfusion have been desc r ibed p r e ­
viously.(3) Fig . 50 shows no rma l P . i l l inoisens is before and af ter c en t r i ­
fugation at varying gravi tat ional forces al l of which were applied for a per iod 
of 10 minutes . At 715 g (Fig.50 B) the nuclei , food vacuoles , heavy s p h e r i ­
cal bodies , mos t of the c rys ta l - l ike components and mos t mitochondria m i ­
gra te toward the centrifugal pole into the heavy half of the ce l l . At the same 
t ime , the fat globules, l iquid-containing vacuoles , and some c rys t a l vacuoles 
mig ra t e toward the cent r ipe ta l (light) pole. The optically c l ea r cytoplasm 
mig ra t e s according to i ts density; Evidence of this i s gained by o b s e r v a ­
tions on the location of the different l aye r s of visible par t icu la te components . 
Centrifugation at 3000 g (Fig. 50 C) br ings aDout m o r e complete concen t ra ­
tion of the mitochondria and fine (0.1 - 0.3 j!i) pa r t i cu la tes into the heavy half 
of the cel l , while the nuclei r ema in in approximate ly the same posit ion. 



m-: 
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I 
A. Noncentrifuged cell, fixed in Schaudinn's fluid 

and stained with Delafield's hematoxylin. Many 
nuclei (n) are shown randomly distributea. 

Five-micron section from a cell after centrifuga­
tion for 10 min at 715 g. Fixed in osmium tetrox-
ide and stained with anilme acid-fuchsiu. Nuclei 
(n)and mitochondria (ni)are stratified m the heavy 
half of the cell. The nuclear stratum also contains 
mitochondria. Arrows (fv)pomt to food vacuoles 
which lie centrifugally from the nuclei. 

^^. 

P 

100 
I — ^ 

Whole cell centrifuged 10 min at 3000 g. Fixed 
and stained as in A, Nuclear stratum is shown 
at(n); microscopic examination showed no nu­
clei above or below this stratum. Very few 
food vacuoles seen m this specimen. 

X 

D. Whole cell centrifuged tor 10 min at 6700 g. 
Fixed and stained as in A. Cytoplasm at centrip­
etal portion (a )contains no nuclei. The nuclei 
are confined to the portion designated as(b), This 
portion was nearly pulled into two parts by the 
centrifugal force. All except a few nuclei are 
located in the lower part of section (b). Many 
food vacuoles which can be seen m section (c). 

Figure 50. Pelomyxa illinoisensis before and after centrifugation. 
are toward the bottom of the page. 

In B, C, and D, the centrifugal poles 



Centrifugation at 6700 g (Fig. 50 D) moves significantly more of the fine 
par t icula tes out of the light th i rd of the cell into the middle and heavy 
th i rds while the posit ions of the other visible components a r e changed ve ry 
l i t t le . Some food vacuoles migra te to the ex t reme heavy pole as the 6700 g 
force is applied. These vary in s ize , shape and density, whereas the more 
uniform nuclei r emain in a fixed position. 

The nonir radia ted , s t rat i f ied cel ls were cut into light, middle and 
heavy th i rds . Addition of the middle or heavy th i rds of cells centrifuged 
at 3000 or 6700 g prevented death in 89% to 96% of suprale thal ly neu t ron-
i r r ad ia t ed rec ip ien ts , as shown in Table 30. Only a re la t ively smal l quan­
tity of donor protoplasm from the middle third, and even less from the 
heavy- th i rd por t ions , was sufficient to br ing about r ecovery in the i r r ad i a t ed 
ce l l s . The heavy- th i rd portions were the most difficult to fuse since they 
tended to dis integrate when stabbed with a microneedle . When this occur red , 
the cell membrane usually burs t and l ibera ted the contents of the cell p o r ­
tion into the culture medium. Survival data from successfully fused cells 
ag ree with those obtained previously, following the fusion of suprale thal ly 
X - i r r a d i a t e d ^ . i l l inoisensis ei ther with whole protoplasm(4) or with cen­
trifuged halves of nonir radia ted cells(5). In unfused ce l l s , death occu r r ed 
in 4 or 5 days after lethal i r rad ia t ion (Table 30). 

TABLE 30 

Pe rcen t survival and mean cell division t imes o£ 
supra le thal ly^i r radia ted amoebae given 

different donor cell port ions 

Exper imental 
p rocedures 

Nonirradiated, non-
fused controls 

Neut ron- i r rad ia ted , 
nonfused controls 

Neut ron- i r rad ia ted 
cel ls fused with 
nonir radia ted non­
centrifuged port ions 
of amoebae 

Nonirradiated, cen­
trifuged (3000 g) cell 
port ions fused into 
neu t ron- i r rad ia ted 
cel ls 

Centr ipetal th i rd 
Middle thi rd 
Centrifugal third 

Nonirradiated, cen­
trifuged (6700 g) cell 
port ions fused into 
neu t ron- i r r ad ia ted 

Centr ipetal third 
Middle third 
Centrifugal th i rd 

NuiTiber 
of ceils 

45 

158 

33 

28 
24 
26 

23 
26 
22 

Sur-vival, 

100 

0 

91 

54 
92 
96 

13 
89 
96 

Irradiat ion to 
f irs t cell divi­

sion, days 

Z,Z t 0.2* 

4.0 + 0.3 

4.6 + 0.5 
5.5 i 0.6 
5.6 ± 0.5 

3.0 + 0.6 
4.6 + 0.4 
5.1 + 0.2 

F i r s t to second 
cell division, 

days 

2.3 i 0.1 

2.3 + 0.4 

2.0 t 0.3 
2.4 ± 0.3 
2.4 ± 0.2 

1.8 i 0.8 
2.2 + 0.2 
2.6 + 0.3 

Second to thi rd 
cell division, 

days 

2.4 + 0.2 

2.2 +0 .2 

2.3 i 0.4 
2.3 + 0.3 
2.1 + 0.2 

3.3 t 0.8 
1.8 + 0.1 
1.3 + 0.3 

*A11 values t s tandard e r r o r . 



Following the t rans fe r of cytoplasm from the light th i rd into the 
neu t ron - i r r ad i a t ed cel l , death frequently occu r r ed at the usual 4 - or 5-day 
pos t i r rad ia t ion per iod, somet imes even after the t r ans f e r , within 1 day of 
exposure , of the en t i re contents of a light th i rd cel l por t ion. About half 
(54%) of the suprale thal ly neu t ron - i r r ad i a t ed cel ls lived following fusion 
with light th i rd port ion f rom cel ls centrifuged at 3000 _g. Light por t ions 
from cel ls centrifuged at 6700 g prevented death in only 13% of t r ea t ed 
ce l l s . Thus, the component(s) r equ i red for r ecove ry appear to be m o s t c o n -
cent ra ted in the heavy thi rd; next mos t concentra ted in the middle th i rd and 
leas t concentra ted in the l ight - th i rd por t ion. 

The major i ty of the i r r ad ia t ed , fused cel ls divided at leas t once with­
in 10 days of exposure . The mean t imes of those divisions which occu r r ed a re 
p resen ted in Table 30. The mean t ime requ i red for the f i rs t cel l divisions 
after supra le thal neutron exposure (and microfusion) i s about twice that r e ­
quired by the noni r rad ia ted , nonfused con t ro l s . This delay occu r r ed whether 
the noni r rad ia ted p ro top lasm was from a noncentrifuged cell or f rom the 
light, middle or heavy- th i rd port ion of a centrifuged ce l l . The second and 
th i rd mean cell divisions were not delayed in any of the exper imenta l ly fused 
groups in which noni r rad ia ted p ro top lasm was used. 

Fusion of X- i r r ad i a t ed P r o t o p l a s m into Neu t ron - i r r ad ia t ed Cells 

Supralethally X- i r r ad i a t ed pro toplasmic sys t ems will not prevent 
death or promote cel l division if introduced by fusion into other suprale thal ly 
X- i r r ad i a t ed ce l l s . The same effect was obtained when 21 supra le thal ly 
neu t ron - i r r ad i a t ed cel ls were fused with por t ions of suprale thal ly X- i r r ad i a t ed 
ce l l s . The t rans fe r of substant ia l quantit ies of X- i r r ad i a t ed p ro top lasm into 
the neu t ron - i r r ad i a t ed ce l l s was c l ea r ly seen. Death in these fused cel ls 
occu r r ed at approximate ly the same t ime (5.0 i 0.1 days) as death in 164 
X- i r r ad ia t ed cel ls (4.6 i 0.1 days) . The conclusion s e e m s inescapable that 
the re is nothing in suprale thal ly X- i r r ad i a t ed sys t ems which will prevent 
death in cel ls exposed to supra le thal doses of f ission neu t rons . In other 
words , the X-radiat ion r e n d e r s the therapeut ic component(s) of noni r rad ia ted 
sys t ems incapable of prevent ing death in lethally neu t ron - i r r ad i a t ed ce l l s , 
and vice v e r s a . 
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PROGRESS REPORT: GRANULOCYTE LIFE CYCLE 

Mary A. Maloney and Harvey M. Pa t t 

Poss ib l e mechan i sms for control of granulocyte formation a r e being 
cons idered agains t the background of the granulocyte life cycle. Information 
of this sor t is per t inent to in te rpre ta t ion of var ious per turba t ions of the 
granulocyte sys t em including those induced by i r r ad ia t ion . The data of 
Ot tesen( l ) and of Kline and Cliffton(2) on P^^ incorporat ion in the DNA of 
leucocytes in man indicate that labeled cel ls appear in the c i rcula t ion within 
4-5 days after isotope adminis t ra t ion , A 3-day t r ans i t t ime in m a r r o w has 
been es t imated by Osgoodl^ifrom in vi tro observa t ions of m a r r o w suspen­
sions and by Pat t l^) f rom considerat ion of mitot ic act ivi ty. A m o r e p r e c i s e 
app ra i sa l of the chronology of granulocyte development in the no rma l s teady 
s tate and under the influence of radiat ion and other fac tors is poss ible by 
means of radioautography. Such studies with t r i t i a ted thymidine in dogs a r e 
in p r o g r e s s . As d i scussed by Taylor _etal_. ,(5) a high degree of select ivi ty 
is possible with t r i t i a ted thymidine because of the specific incorpora t ion of 
thymidine into DNA and the shor t range of the t r i t i um ^ p a r t i c l e s . 

Tr i t i a ted thymidine with a rad iochemica l pur i ty of 90-100% and a 
specific activi ty of 390 m c / m i l l i m o l e was obtained from Schwarz L a b o r a ­
t o r i e s , Mount Vernon, New York. Thus far , two dogs have been injected in ­
t ravenously with the t r i t i a t ed nucleoside (No. 1, female beagle , 3.8 y e a r s 
old, 80 Mc p e r kg; No. 2, male beagle , 1.5 yea r s old, 100 juc pe r kg). Bone 
m a r r o w and pe r iphe ra l blood studies were c a r r i e d out at frequent in te rva l s 
during the f i r s t 2 days, and daily for 2 weeks . Mar row samples were ob­
tained by asp i ra t ion from the femur under local anes thes ia . The m a r r o w , 
usual ly 0.8 ml , v/as drawn into an equal volume of homologous hepar in ized 
p la sma . Total nucleated cell counts were made on each sample , and the fat 
and mye lo id -e ry th ro id l aye r s were es t imated after centrifugation. Two 
sets of m a r r o w sl ides were p r e p a r e d . One set was t r e a t e d with Wright 's 
s tain, the other was used for radioautographs and subsequent staining with 
a modified Giemsa stain,(^) This was done to compare the dis t r ibut ion of 
cell types and mi toses on the s tained radioautograph with that on the conven­
tional s l ide . P e r i p h e r a l blood studies consis ted of total and differential l eu ­
cocyte counts, hematoc r i t , and blood volume. As in the case of m a r r o w , two 
se ts of s l ides were used for differential ana lys i s and radioautography. 

Technique for p repa ra t ion of rad ioau tographs . Clean g lass s l ides 
were coated with 0.5% egg albumin and then with 0.05% chrome a lum. Care 
was taken to make thin fi lms of m a r r o w and blood so that the cel ls were on 
the sl ide in one cell th ickness . The p repa ra t ions were fixed in absolute 
methyl alcohol for 45 minu tes . Br i t i sh Kodak fine grain autoradiographic 
film (AR 10) was floated on 1% glycer ine in double dis t i l led water at 18° C, 
allowed to s t r e t ch to maxinaum s ize , and hung on the s l ide . The s l ides were 
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A. Myelocyte lo booe marrow. 

g 
B. Radioautograph of the same cell . 

•w^n 

liii 
I—M 
C. Myelocyte telophase m bone marrow. D, Radioautograph of the same cell . 

Figure 51 



a i r dr ied and stO'red with calcium chloride in black slide boxes covered with 
light sensi t ive tape . These operat ions were per formed in a dark room with 
minimal use of a safe light (Wratten No. 2). After s torage for 6 weeks in a 
r e f r ige ra to r , the s l ides were developed for 4 min (Kodak D-19), washed in 
dis t i l led water , fixed for 10 min (Kodak acid f ixer) , and finally washed in 
running tap water for 1 h r . Developing, fixing and washing were c a r r i e d out 
at 18° C. After the s l ides were a i r - d r i e d , they were s tained with a modified 
Giemsa stain at pH 5.75 for 30 min at room t empe ra tu r e and washed in 
pH 5.75 buffer for 3 min. F igure 51 i l lus t r a t e s the quality of rad ioauto­
graphs that have been obtained with this technique.* 

Although the var ious ana lyses have not been completed, p r e l i m i n a r y 
r e su l t s indicate that the label appea r s f i r s t in the i m m a t u r e cel ls of both the 
myeloid and ery thro id s e r i e s (myeloblast , myelocyte and e ry th rob las t ) . The 
distr ibution of tagged cells s eems to p r o g r e s s in an o rde r ly manner f rom 
the l e s s to the m o r e differentiated forms with t ime after injection of t r i t i a t ed 
thymidine. Labeled neutrophi ls can be detected in the bone m a r r o w by 36 h r , 
and in the pe r iphe ra l blood by 3 to 4 days . An indication of the rapidi ty of 
cell tu rnover is given by the fact that dense ly - l abe led te l ephases a r e found in 
the m a r r o w within 4 hr after injection of the t r i t i a ted thymidine. 
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PROGRESS REPORT! PYRESIS STUDIES 

III. Relat ionship of Degree of Feve r to Ant ipyres is by Sodium 
Salicylate and Aur in t r icarboxyl ic Acid 

Marcia White Rosenthal and Joan F . F r i e d 

The body t e m p e r a t u r e of normal adult female Sprague-Dawley r a t s 
normal ly va r i e s from 36.6 to 39.8°C, with a no rma l frequency dis t r ibut ion 
and a mean of 38.1°C. The injection of yeas t produces a r i s e of 0.9°C to a 
mean t e m p e r a t u r e of 39.0°C. (Fig. 52). This fever is in te res t ing from s e v ­
e ra l a spec t s - it va r i e s a lmost as widely as the normal t e m p e r a t u r e , it does 
not exceed the highest no rma l t e m p e r a t u r e s , and the t e m p e r a t u r e reached is 
independent of the init ial body t e m p e r a t u r e i . e . , the mean fever is always 
the same r e g a r d l e s s of the init ial t e m p e r a t u r e . 

The e a r l i e r exper iments in this s e r i e s have been carefully control led 
with r ega rd to the var ia t ion in t e m p e r a t u r e s of fevered an imal s ; each expe r ­
imental group contained r a t s with a r ep resen ta t ive range of f eve r s . Analysis 
of the ant ipyret ic effect of sodium sal icylate and of aur in t r icarboxyl ic acid 
(ATA) on this yeas t - induced pyrexia suggested differences between the action 
of the two subs tances re la ted to the initial degree of fever. To clarify this 
suggestion, the following exper iment was pe r fo rmed . About 18 hr after sub­
cutaneous injection of 3 ml of a 15% suspension of dr ied b a k e r ' s yeas t in s a ­
l ine, when the induced fever was high and had reached a plateau, r a t s w e r e 
divided into 2 groups , those with high fevers (mean 39°C) and those with low 
fevers (mean 38.5°C), with no over lap of individual t e m p e r a t u r e s between 
groups . T rea tmen t with sodium sal icylate reduced the fever , whether in i ­
t ial ly high or low, to the s ame t e m p e r a t u r e (P = >>0,5 in a comiparison of 
the two t r ea t ed groups at 1 hr after t r ea tmen t ) . Injection of ATA, on the 
other hand, reduced the fever by a specific dec remen t so that the an imals 
with high init ial t e m p e r a t u r e s r emained significantly above the an imals of 
the low group for 2 hr after t r ea tmen t (P = <,01 > .001) (Fig. 53), This 
finding suggests that the ant ipyret ic action of these two re la ted subs tances 
may be accompl ished by different m e c h a n i s m s . 
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Figure 52. Solid line represents the frequency distribution of normal 
rectal temperatures of 651 unselected stock rats, measured 
from 1:.30 to 3:00 p. m. Dashed line shows distribution of 
temperatures of 648 rats about 17 hr after subcutaneous 
injection of 3 ml of a 15% suspension of baker's yeast in 
saline solution. Normal temperatures of these rats followed 
a distribution curve similar to that shown at the left, ex­
cept that rats with normal temperatures below 37. OOC or 
above 39.2° C were excluded from the experiment. 
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Figure 53. Comparison of antipyretic effect of ATA and sodium sali­
cylate on rats with high ana low fevers. Dosages were 
125 mg/kg of either compound, injected intravenously 
20 hr after yeast administration. Controls received an 
equivalent volume of saline. Each point represents the 
mean rectal temperature of the following numbers of rats: 
ATA-treated, 10 each: salicylate-treated, 7 and 8; 
saline-treated, 10 each. 
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PROGRESS REPORT: PYRESIS STUDIES 

IV. Hematocr i t and Sedimentation Rate During Ant ipyres is 

Marcia White Rosenthal and Joan F . F r i e d 

The ant ipyret ic effect of the sa l icyla tes is genera l ly cons idered to 
be accompl ished by heat el imination through i nc r ea sed pe r iphe ra l blood 
flow and hyperpnea . The suggestion has a lso been made that the analgesic 
action of sa l icyla tes in rheumat ic d isease is brought about by a loss of 
water from affected joints and t r an spo r t of this water in the p lasma to the 
kidney.* ' This mechan i sm of water removal would p resumably be r e ­
flected in a lowering of the hematocr i t value. Such a change has been r e ­
por ted in the blood of r a t s undergoing sal icylate a n t i p y r e s i s . ' ^ Hema­
tocr i t studies have therefore been pe r fo rmed as a pa r t of the exper imenta l 
compar ison of an t ipyres i s by sodium sal icylate and aur in t r i ca rboxyl ic ac id 
(ATA). F u r t h e r , the known reduction of sedimentat ion ra t e by the sa l icy l ­
a tes in t r ea tmen t of rheumat ic fever led to a study of sedimentat ion r a t e s 
using the same blood s a m p l e s . 

F e v e r s were produced in 3 - l / 2 - m o n t h old female Sprague-Dawley 
ra t s by our s tandard technique of subcutaneous injection of 3 ml of a 15% 
suspension of b a k e r ' s yeas t in sal ine solution. Blood was withdrawn after 
ca rd iac puncture into a hepar in ized syr inge , and placed in s toppered Win-
t robe hematoc r i t tubes . The settl ing of the cel ls was observed at frequent 
in te rva ls for at l eas t 2 -1 /2 h r , and a final reading was taken at 24 h r . Then 
the tubes were centrifuged for 1 h r at 2900 r p m , and hema toc r i t readings 
were made . 

The packed red-b lood-ce l l volume of r a t s about 20 h r after yeas t in­
ject ion, when thei r fevers were high, was the same as that of uninjected 
controls (Table 31). F u r t h e r , sodium sal icylate t r e a tmen t at a fully effec­
t ive ant ipyret ic dose did not affect these h e m a t o c r i t s , ATA, on the other 
hand, caused a significant i nc r ea se in packed red -b lood-ce l l volume 1 h r 
after i ts injection into r a t s with yeas t - induced f eve r s , at the t ime of m a x ­
imal reduction of the fever . These r e su l t s suggest that the ant ipyre t ic ef­
fect of ATA and probably of sodium sal icylate in our exper imenta l sys t em 
is not a s soc ia t ed with hydremia and that the bas ic mechan i sms involved 
need fur ther elucidation. 

Although the sedimentat ion ra te of individual r a t s showed cons ider ­
able var ia t ion, the r e su l t s a r e c l e a r - c u t enough to p e r m i t the following sum­
m a r y . The sedimentat ion r a t e of no rma l uninjected r a t s was slow; after 
5-6 h r the r e d blood cel ls had se t t led only 2-4 m m , and they showed no fur­
ther drop after 24 h r . Both the r a t e and the degree of sedimentat ion in­
c r e a s e d significantly when the fever was high (analyzed 18-22 h r af ter yeas t 
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TABLE 31 

Effect of sodium sal icylate and ATA* on hematoc r i t s 
of r a t s with yeas t - induced fevers 

T rea tmen t 

Uninjected 
controls 

Yeast, no 
t r ea tmen t 

Yeast + 
saline 

Yeast + 
sal icylate 

Yeast + 
saline 

Yeast + 
sal icylate 

Yeast + 
saline 

Yeast + 
ATA 

i 

Number 
of 

r a t s 

5 

5 

13 

12 

8 

10 

13 

6 

Time of blood 
withdrawal, 

h r after therapy 

-

1 

1 

2 

2 

1 

1 

RBC 
(mean). 

% 

53.5 

52.0 

54.7 

53.9 

52.9 

54,2 

54.7 

62.1 

S.E. 

0 . 9 ] 
> 

0.5 J 

0.6 1 

0.3 J 

1.1 ] 

0.9 . 

0.6 l 

y 

0.9 , 

p 

>.05 

» . 0 5 

» . 0 5 

« . 0 0 1 

• D o s e s ; 125 mg /kg of sodium sal icylate or of ATA (as the ammonium 
sal t) injected in t ravenously about 18 h r after yeas t admin is t ra t ion . The 
yeas t and saline controls rece ived an equivalent volume of sal ine solution. 

injection). Most of the drop o c c u r r e d from 45 min to 2 h r after withdrawal 
of the blood. Intravenous injection of sodium sal icylate (125 mg/kg ) , o r of 
an equivalent volume of sal ine solution, did not influence this i n c r e a s e d sed­
imentat ion ra te in any way. S ta t i s t ica l analys is of the drop in red blood cells 
did not r evea l ajiy significant difference between means of groups of r a t s r e ­
ceiving yeas t only, yeas t plus sal ine, o r yeas t plus sodium sa l icyla te , e i ther 
at 80 min, when the r a t e of drop was highest , o r at 2 - l / 2 h r when the sed i ­
mentat ion was essent ia l ly complete (Table 32). Injection of 125 m g / k g of 



ATA at 1 hr before blood withdrawal, however, prevented any measu rab le 
separat ion of blood cel ls and p lasma for at l eas t 5 h r . Twenty-four hours 
la te r only a 0.5 m m drop of red blood cells was observed in the tubes . 

TABLE 32 

Effect of antipyretic doses* of sodium salicylate and ATA on sedimentation 
of RBC's of rats with yeast-induced fevers 

Treatment 

Uninjected 
controls 

Yeast, no 
treatment 

Yeast + 
saline 

Yeast + 
salicylate 

Yeast + 
saline 

Yeast + 
salicylate 

Yeast + 
saline 

Yeast + 
ATA 

Number 
of 

rats 

5 

5 

13 

13 

8 

10 

13 

8 

Time of blood 
withdrawal, 

hr after therapy 

-

-

1 

1 

2 

2 

1 

1 

RBC sedimentation 

80 min afte 

Mean, 
mm 

0.4 

8.8 

7.5 

6.5 

11.2 

8.7 

7.5 

trace 

S.E. 

o.n 

3.2J 

1.0"̂  

> 
o.sj 

2.71 

f 
1.7J 

1.0^ 
I 

- J 

r sanapling 

P 

<.05>.02 

» .05 

» .05 

« .001 

2-1/2 hr after sampling 

Mean, 
mm 

1.1 

19.0 

17.4 

16.8 

21.6 

14.7 

16.8 

trace 

S.E. 

O.S'I 

\ 
4.0 J 

2.51 

\ 
I.4J 

3.9"j 

r 
3.0J 

1.4I 
V 

- J 

p 

<.01 >.001 

» . 0 5 

> .05 

«.O01 

Doses: 125 mg/kg of sodium salicylate or of ATA, or an equivalent volume of saline, injected 
intravenously about 18 hr after yeast administration. 

In summary , the exper imental introduction of yeast into the ra t 
produces the typical inflammatory effects of inc reased sedimentation ra te 
and py re s i s , but at leas t during the t ime in terval sampled, it does not cause 
blood concentrat ion. The adminis t ra t ion of sodium sal icylate in this exper ­
imental sys tem resu l t s in reduction of fever but has no effect upon ei ther 
sedim.entation ra te or hematocr i t . ATA not only reduces the fever but in 
addition markedly reduces the sedimentation r a t e . It i n c r e a s e s , r a the r 
than dec rea se s , the rat io of blood cells to blood p la sma . 

Sodium sal icylate therapy in rheumat ic fever is conducted on a 
schedule of daily adminis t ra t ions of the drug at doses of about 1Z5 mg /kg 
per injection. The plasma level of sal icylate during the per iod of t r ea tment 
r i s e s slowly, building to a maximumi in about eight days. The typical r e ­
duction of the sedimentation ra te does not manifest itself until this time.l-^) 
The failure of sodium salicylate to lower the sedimentation ra te in our ex­
per iments probably resu l t s from the fact that adequate p lasma levels cannot 



be at ta ined after a single injection. The pronounced reduction of sed imen­
tation ra t e by ATA, even in our t es t sys tem, and i ts s t ruc tu ra l s imi la r i ty 
to sodium sa l icyla te , indicate that this compound dese rves fur ther inves t i ­
gation as a possible an t i rheumat ic agent. 
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PROGRESS REPORT: THE USE OF CHELATING AGENTS IN 
THE TREATMENT OF MANGANESE POISONING II. 

Ar thur Lindenbaum and William M. Westfall 

In recent yea r s the development of the polyamino acid chelating 
agents has led to the widespread use of one of these , e thylenediaminete t ra -
acet ic acid (EDTA) as a therapeut ic agent in the t r ea tmen t of meta l poison­
ing. However, the abil i ty of EDTA to com.bine with, and inact ivate , m.any 
meta l ions in the body is impa i r ed by i t s re la t ive ly high affinity for ca lc ium. 

Other compounds of the polyamino type a r e now avai lable . One 
of these , d ie thyleneaminetr iaminepentaacet ic acid (DTPA)*, has been 
shown(l>2'3) to have a g r e a t e r compara t ive affinity for the manganous ion 
than does EDTA: 

Cation Log Kj^ -PTPA ^°S ^M- EDTA 

Ca++ 10.6, 9.98 10.6 
Mn++ 15,1 13,4 

Exper imenta l 

P r e l i m i n a r y to determining the therapeut ic value of this compound 
in the t r ea tmen t of manganese poisoning, the re la t ive binding of DTPA and 
EDTA with calcium and manganese was studied in v i t ro over the genera l pH 
range of physiological i n t e r e s t . This was done by means of a t i t ra t ion 
method(4) in which the i n c r e a s e in the hydrogen ion concentrat ion resu l t ing 
from chelate formation was m e a s u r e d potent iometr ica l ly during t i t ra t ion 
with 0.100 M NaOH. Each solution t i t r a ted cons is ted of 100 mil which was 
0.1 N_in NaCl and 0.001 _M_in chelating agent (acid form) with or without an 
equimolar concentrat ion of mietal ch lor ide . 

Resul t s and Discuss ion 

The t i t ra t ion data were conver ted to equivalents of hydrogen ion r e ­
l eased pe r mole of chelating agent. The r e su l t s a r e shown in F igure 54, 
from, which it m.ay be seen that in the pH range 4 .5-7.4 the re la t ive extent 
of formation of the manganous chelate as compared with that of the ca lc ium 
chelate i s g r e a t e r for DTPA than for EDTA. If it may be c o r r e c t l y a s s u m e d 

•Supplied through the cour tesy of the Al rose Division of the Geigy 
Chemical Corporat ion under the designation "Chel 330." 



that toxic concentrat ions of manganese accumulate in t ra cel lu lar ly and that 
DTPA in both chelated and unchelated form can penet ra te cell wal ls , 
this finding suggests that DTPA may have g rea te r therapeut ic effectiveness 
than EDTA. In view of the above considerat ions further studies in vivo with 
DTPA have been made and the resu l t s a r e presented e lsewhere in this 
r epor t . ' ^ ) 
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Figure 54 
Titration of calcium and manganese 
complexes of EDTA and DTPA with 
0.100 MNaOH. 
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PROGRESS REPORT: THE USE OF CHELATING AGENTS IN THE 
TREATMENT OF MANGANESE POISONING. Ill 

Joan F . F r i e d , Jack Schubert , and Elizabeth Moret t i 

Ethylenediaminete t raacet ic acid (EDTA) has been tes ted in the t r e a t ­
ment of acute manganism of l abora tory animalsl^»^) and has been suggested 
for cl inical u se in the indus t r ia l disease, '-^/ A considerat ion of the chemis t ry 
of the s t ruc tu ra l ly re la ted compound, d ie thylenet r iaminepentaacet ic acid 
(DTPA), indicated that i t might be of equal or g r e a t e r value in this r e spec t . 
Accordingly, the compounds were compared in t h r ee types of exper imen t s : 
(a) toxicity studies using the calcium chelates of the two; (b) survival s tudies 
on r a t s given an LD^Q of manganese gluconate and t r e a t e d at varying t imes 
a f te rward with ei ther CaEDTA, CaDTPA or sal ine; and (c) survival s tudies 
on r a t s given the manganese chelates of EDTA and DTPA. 

Methods 

F e m a l e Sprague-Dawley ra t s between 70 and 135 days of age and 
weighing 190-280 g were used; an imals of equal age were se lec ted for each 
exper imenta l group. Manganese was admin i s t e r ed in t raper i tonea l ly as a 
3.5f0 solution of manganous gluconate, pH 6.2, at 27 m g / k g as Mn, a dose 
which had previous ly been de te rmined by toxicity s tudies to be the 30-day 
LD90 value. The calcium and manganous chelates of EDTA and DTPA were 
p r e p a r e d by neutra l iz ing the acid or sodium sal t with NaOH, adding calc ium 
or manganous gluconate in 1:1 mo la r ra t io of me ta l to chelating agent, and 
adjusting the concentrat ion to 0.16 M and the pH to 7.2. CaEDTA and 
CaDTPA were injected into a tai l vein or in t raper i tonea l ly in equimolar r a ­
tio at levels of from 105 to 2000 mg /kg ; doses of these compounds, whe r ­
ever given, a r e exp re s sed as the acid form of the chelating agent . MnEDTA 
and MnDTPA were injected in t raper i toneal ly in doses providing 130 to 260 
m g / k g as Mn. All survival data given a r e on a 30-day b a s i s , but surviving 
an imals were kept under observat ion for 90 days . 

Resul t s 

Toxicity s tud ies . In t raper i tonea l admin is t ra t ion of CaDTPA at a 
level of 2000 m g / k g resu l t ed in 90fo surv iva l , while at a cor responding equi-
m.olar level of CaEDTA of 1490 mg /kg survival was 100% (20 r a t s pe r group). 
However, 70% of the CaDTPA-injected an imals at this dose level developed 
pa ra lys i s of the hind l imbs on approximate ly the 6th day after injection. At 
a slightly lower level (1830 mg/kg) of CaDTPA no deaths or p a r a l y s e s o c ­
c u r r e d . Intravenous adminis t ra t ion of CaDTPA in amounts up to 250 m g / k g 
produced no toxic effects. 



Survival s tud ies . In Table 33, the effects of CaEDTA and CaDTPA 
in manganese poisoning a r e compared . It can be seen that the maximal 
t ime in te rva l for effective treatm.ent was nea r ly 3 | -h r for CaDTPA, and 
slightly l e s s for CaEDTA; both compounds were par t ia l ly effective when 
given as la te as 5 h r after Mn. 

TABLE 33 

Therapeut ic effect of equimolar levels of CaDTPA (158 mg/kg) and 
CaEDTA (118 mg/kg) , in t ravenously, after an LD90 of manganese 

gluconate (27 mg/kg) 

Time of t r e a tmen t 

Im^mediately before Mn 
1 h r after Mn 
2 h r af ter Mn 
3 ^ h r after Mn 
5 h r after Mn 

Survival , %• 

CaDTPA 

100 
100 

-

90 
45.5t 

( 
CaEDTA 

100 
100 

90 
70 
55 t 

Saline** 

l i t 
2 0 t 

lot 
lot 
lot 

*10 or m o r e an imals pe r group. 
• •Sa l ine was given in equivalent volume. 
t A v e r a g e t ime to death of nonsurv ivors was 1.5 days for the CaDTPA-

t rea t ed , 0.7 days for the CaEDTA t rea ted , and 0.8 days for the sal ine 
con t ro l s . 

In another exper iment , the min imum effective dose for complete 
protect ion agains t an LD90 dose of manganese , when given 1 h r after the 
manganese , was found to be 115 m g / k g for each of the two compounds. 

Survival data from r a t s given the manganese chelates of DTPA and 
EDTA in t raper i tonea l ly a r e shown in Table 34. When manganese is admin­
i s t e r e d a s the DTPA chela te , a h igher dose may be given without toxic ef­
fects than when it is admin i s t e r ed as the EDTA chela te . 

Discuss ion 

Both CaEDTA and CaDTPA have been found to be beneficial in the 
t r e a tmen t of exper imenta l acute manganese poisoning. However, CaDTPA 
appea r s to be sl ightly m o r e effective, in that (a) s m a l l e r amounts , on a 
m o l a r b a s i s , were needed; (b) when given at 3 | -h r after manganese , the 
pro tec t ive effect of CaDTPA was s t i l l nea r ly complete whereas for CaEDTA 
it had dim.inished somewhat; and (c) the surv iva l t ime of an imals t r e a t e d 
with CaDTPA at 5 h r after manganese was about twice that of CaEDTA-
t r e a t e d and control a n i m a l s . The manganese chelate surviva l s tudies and 



TABLE 34 

Survival of r a t s given manganese chelates of DTPA and EDTA 

Dose of Mn, 

130 
162.5 
195 
225 
245 

mg/kg 
Survival , % 

MnDTPA 

100 (10 )* 
100 ( 6) 
100 (17) 

94 (16) 
73 (15) 

MnEDTA 

100 (10) 
83 ( 6) 
70 (17) 
60 (10) 
67 (15) 

• N u m b e r s of an imals injected a r e in p a r e n t h e s e s . 

t i t ra t ion data obtained in our l abora to ry ^ ' indicate that the enhanced effec­
t iveness of CaDTPA may be due to the g r e a t e r stabil i ty of MnDTPA at i n t r a ­
ce l lu lar pH l eve l s . 
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ION EXCHANGE AND SOLVENT EXTRACTION STUDIES ON 
Co(ll) AND Zn(ll) COMPLEXES OF SOME ORGANIC ACIDS 

Jack Schubert , Edmund L, Lind,^ William M. Westfall , 
Raymond Pfleger ,** and Normal C. Li** 

Abs t rac t 

The stabi l i ty of the Co(ll) and Zn(n) complexes of bioxalate , oxalate , 
c i t r a te and glycolate have been de te rmined by the use of Co ^ and Zn in 
conjunction with the methods of ion exchange and solvent ext rac t ion . A de ­
c r e a s e in both the stabil i ty of the glycolate complexes and the ion-exchange 
dis t r ibut ion coefficients of the t r a c e r meta l s with i n c r e a s e in ionic s t rength 
was demons t ra ted . An impor tan t assumpt ion in the use of the ion-exchange 
method for complex study is that the uptake of the complex i tself by the 
cation exchanger is nil or very smal l re la t ive to the uncomplexed cation. 
This was demons t ra ted d i rec t ly for the Mg(ll) complex of oxalate by means 
of oxalate labeled with C**, In ion-exchange exper iments the uptake of 
Co(ll) and Zn(ll) is higher in the p r e s e n c e of imidazole than in i ts absence , 
while in corresponding so lvent -ext rac t ion exper imen t s , the opposite i s t r u e . 
These r e su l t s indicate that the +2 imidazole complexes themse lves a r e 
taken up by the cation exchanger , and show that the ion-exchange and 
so lvent -ex t rac t ion exper iments complement each other in the study of meta l 
complexes . 

•Res iden t R e s e a r c h Assoc ia te f rom Cent ra l Washington College 
of Education. 

**Duquesne Univers i ty . 



PHAGOCYTOSIS OF GRANULES FROM DISRUPTED MAST CELLS 

Douglas E, Smith and Yevette S. Lewis 

Abs t rac t 

Microscopic examination was made of the fate of the cytoplasmic 
granules of m e s e n t e r i c m a s t cel ls disrupted by in t raper i tonea l injection 
of dist i l led water or 48/80* into the ra t . Both fixed and living t i s sues 
were employed. Similar miicroscopic examinations were c a r r i e d out on 
the "abnormal" or degenerated m a s t cel ls of seve ra l t i s sues from control 
and t r ea ted (X-radia t ion, ACTH or cor t isone) r a t s and h a m s t e r s , 

Treatmient with dist i l led water completely d is rupted the m a s t ce l ls 
of the m e s e n t e r y , while other cel ls appeared to be undamaged. F ibroblas t s^ 
macrophages and leucocytes were observed to take up and dispose of the 
granules shed from the disrupted m a s t ce l l s . These phagocytes were 
quite s imi l a r in appearance to the "abnormal" or degenerated m a s t ce l ls 
previous ly descr ibed as occur r ing in no rma l and t r ea t ed an ima l s . 

It was concluded that "abnormal" or degenera ted m a s t ce l ls a r e in 
rea l i ty , phagocytes which have taken up the granules of disrupted nniast 
ce l l s . 

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



STUDIES ON EFFECTS OF DEUTERIUM OXIDE 

V. Growth Data for Mice 

Asher J. Finkel and Dorice M. Czajka 

Data were collected in severa l long-range exper iments on the body 
weights of young adult CF No. 1 female mice maintained on drinking water 
of constant deuter ium oxide concentrat ions at var ious leve ls . The mice 
were fed Rockland mouse diet in pellet form, and both the solid food and 
the drinking water were available ad l ibitum. The animals were sacrif iced 
periodical ly for deuter ium analyses of body fluids and t i s s u e s . 

Body weights of surviving animals were averaged and these means 
were divided by the mean weight of the initial population at each deuter ium 
level . The data plotted at 10-day in terva ls a r e presented in F igure 55, 
which also gives the numbers of mice averaged at each point. Mice ma in ­
tained on 40 atom per cent deuter ium lost about 25% of the initial body 
weight over a period of th ree months. During this same per iod mice on 
30 atom per cent deuter ium grew at leas t as rapidly as did control mice 
but thereaf ter grew somewhat more slowly. Mice on 25 atom per cent 
deuter ium consistently maintained a slightly higher weight level re la t ive 
to this s tar t ing weight than did the control group. 

NUMBER OF MICE 
» D , _ _ _ _ , _ . ^ 
4 0 30 30 27 22 
30 20 20 13 le 
25 20 20 20 20 

18 16 
T~rTT' 

13 16 16 16 
i2 12 
.4 12 

10 10 !0 10 9 9 

10 iO 10 to 
12 i2 12 12 
6 6 6 6 

Figure 55 

Growth of young CF No. 1 female 
mice maintained on various levels 
of deuterium oxide. 

DAYS ON DgO DRINKING WATER 

These data demonst ra te that mice can be maintained for long 
per iods of t ime on drinking water containing at leas t 25, and possibly even 
30 atom per cent deuter ium without adverse ly affecting body weight. 



STUDIES ON EFFECTS OF DEUTERIUM OXIDE 

VI. Deuterium Distribution in Mouse Tissues 

Asher J. Finkel , Joseph J. Katz,* Henry L. Cresp i ,* and 
Dorice M. Czajka 

Basic to an understanding of the deuter ium isotope effect is the 
genera l question of deuter ium-hydrogen proport ions in the aqueous and 
solid phases of t i s sues of deuterated an imals . F u r t h e r , the re is the spec i ­
fic problem of whether any t i ssue fixes deuter ium to an extent g rea te r than 
the concentration of the isotope in body fluids and t i ssue water . 

Young adult female CF No. 1 mice were maintained in severa l 
s e r i e s for varying per iods of t ime on 25, 30, or 40 atom per cent deuter ium 
oxide in the drinking water . The animals were sacrif iced per iodical ly , and 
the l iver , kidney, spleen, and bra in were removed for ana lys i s . Water ob­
tained by disti l lation of these t i s sues was analyzed for deuter ium content 
and the deuter ium incorporated in body compounds was determined by ana l ­
ys i s of water obtained by combustion of these desiccated t i s sues . 

The data a r e summar ized in Table 35 where the m.ean values r e p r e ­
sent data from 2 to 10 mice . It can be seen that by the 11th day the dist i l lable 
water has reached a deuter ium content that is very close to the maximum, 

TABLE 35 

P e r cent deuter ium in water from mouse t i s sues 

Day 

11 
4 2 
92 

102 
108 
127 
201 

11 
26 
45 
74 

102 
136 

11 
21 
32 
42 

61 

Liver - Kidney - Spleen 

Distillation 
deuteriumi 

Combustion 
deuterium 

Bra in 

Disti l lation 
deuter ium 

Combustion 
deuter ium 

A. 25 atom per cent deuter ium drinking water 

16.5 
16.0 
15.7 
16.9 
15.1 
17.2 
17.9 

5.3 
7.1 
7 .6 
8.5 
7.3 
7.6 
8.1 

^ 
15.2 
15.9 

-
14.9 
17.9 
19.1 

_ 
4 . 6 

5.9 

-
5.4 
6.1 
7.5 

B. 30 atom per cent deuter ium drinking water 

19.4 
22.9 
20.1 
19.1 
16.6 
18.9 

6.0 

8.9 
8.5 
9.0 
7.8 
8.4 

20.6 
23.3 

-
19.2 
15.1 
19.9 

3.1 
4 .6 

-
6.0 
7.6 
8.2 

C. 40 atom per cent deuter ium drinking water (tentative) 

26.9 
26.1 
27.5 
27.5 
27.9 

6.9 
9.3 
9.7 

10.2 
10.4 

27.0 
26.6 
28.1 
28.1 
28.7 

4 . 7 
5.4 
6.6 
6.8 
7.6 

*Chemis t ry Division 



This resu l t is consis tent with that previously repor ted for ur ine deuter ium, 
where by the 11th day the level had reached 95 atom pe r cent of the equil ib­
r ium value.( l ) L iver , kidney, and spleen data were combined because they 
were indistinguishable from each other . F u r t h e r , the mean dist i l lable deu­
t e r ium values for these t i s sues , as well as bra in , at each level a r e very 
close to 66 atoiT). per cent of the deuter ium level of the drinking water . 

The incorporated deuter ium, consisting of that fixed in nonexchange-
able posit ions in body compounds plus that which is readi ly exchangeable, 
i nc r ea se s in accordance with a pa t te rn that depends, in la rge pa r t , on the 
deuter ium level in the drinking water (Figure 56). Bra in incorpora tes deu­
t e r ium at a much lower level than l iver , kidney, and spleen. F igure 5 7 
shows the percentage incorporat ion of deuter ium in re la t ion to the levels in 
the t i ssue fluids. The data for the 25 atom per cent and 30 atom per cent 
drinking water s e r i e s a r e prac t ica l ly super imposable , and a so l i ta ry point 
calculated from whole mouse data from a comparable 15 per cent ser ies(2) 
a lso falls on the curve . Again the curve for the abdominal organs differs 
from that for b ra in . 

-X Liver, Kidney, ond Spleen - 3 0 7̂  Series 
+ -I- Brain - 3 0 % Series 
If. , Liver, Kidney, and Spleen - 2 5 % Series 
O o Broln -25% Series 

60 80 100 120 140 160 180 800 
TIME IN DAYS 

Figure 56. Incorporation of deuterium into mouse tissues: atom "̂o deuterium 
recovered by combustion of dry tissues is shown for serial sacrifice 
series. Data for liver, kidney and spleen are combined. 

The amount of deuter ium incorpora ted into body t i s sues when mice 
a r e supplied with deuterated drinking water reaches a value of from 40 to 
50 per cent of the deuter ium in the t i ssue fluids. These r e su l t s indicate 
that none of the t i s sues studied has any unusual affinity for deuter ium and 
that these exper iments , with concentrat ions of heavy water as high as mice 
will t o l e ra t e , a r e in general agreement with e a r l i e r studies where sma l l e r 
amounts of deuter ium were employed. 
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Li»®r, Kidnsy, and Spleen - 3 0 % Series 
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Figure 57. Percentage incorporation of deuterium into mouse tissues in 
relation to the levels in the tissue fluids. 
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THE PRESENCE OF FISSION l"^ IN COW'S MILK 

Philip F . Gustafson 

During late July and ear ly August of 1957, in vivo 7-ray counting 
of pe r sons with no h is tory of radioact ive contamination showed elevated 
counting r a t e s which were t r aced to Î ^̂  p r e sen t p r i m a r i l y in the thyroid. 
Counting of two adults and one child in the Biology steel room, using a 
2 in. d iameter by 2 in. thick Nal c rys ta l and an Argonne type 256»-channel 
analyzer , showed total thyroid values of 0.13 and 0.15 mjUc (mi l l imicro-
cur ie) of l"^ for the adults and 0.41 mjuc for the child. 

The fact that such concentrat ion of.I^^^ occur red r a the r abruptly 
led to an examination of possible routes of entry into the human sys tem. 
One gallon of l abora tory drinking water , counted for 17 hr failed to show 
any sign of I^'^ or other f iss ion-product ac t iv i t ies . On the suggestion of 
Dr. A. M. Brues one gallon of milk was counted for 17 hr , and a r e s p e c t a ­
ble Î ^̂  spec t rum was obtained as i l lus t ra ted in F igure 58. After c o r r e c ­
tion for the contribution due to K , compar ison with values for one gallon 
of water to which a known quantity of I ^̂  has been added, showed the 
p resence of 2.6 mfXc l"^ per gallon of milk, or 0.069 mjUc I^yiOO ml of 
milk. 

Figure 58 Gamma-ray spectrum of milk (8/5/57) 
showing the presence of r"^^. 

Comar( l ) mentions the negative r e su l t s of d i rec t a s say for I in 
lOO-ml samples of milk c a r r i e d out by Ms group. His es t imated values 
for Î ^̂  in milk, based on radioiodine content of human thyroids on autopsy, 
range from 0.002 to 0,2 mpc/lOO ml . The observed value of 0.069 mjic/ 
100 ml is in accord with this e s t ima te . 

Due to the 8-day half-life of Î ^̂  no appreciable build-up of this 
radioisotope is possible in vivo. The observed value of 0.4 m/ic in a child 
thyroid, may indicate a value as high as 0.04 m/ i c /g of thyroid which is 
about 3 X 10"^ of the to lerance level . l^) 
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ACTIVATION PRODUCTS IN FOODSTUFFS LR.R.ADIAIED 
WITH THERMAL NEUTRONS 

Phi l ip F . Gustafson, S. S, B r a r , and Austin M, Brues 

Whether or not pile i r rad ia t ion involving t he rma l neutron absorpt ion 
may be a safe method of food s te r i l iza t ion depends on the amounts of long-
lived radioisotopes resu l t ing from this p rocedu re . To invest igate this q u e s ­
tion, r ep resen ta t ive samples of mea t , fish, poul t ry, fruit and vegetables 
supplied through the Quartermiaster Corps , U .S . A r m y , were i r r ad i a t ed in 
300-g quanti t ies in the t h e r m a l column of the Argonaut r e a c t o r . The foods 
were placed in commerc ia l ly available r e f r ige ra to r d i shes , wrapped in 
polyethylene sheeting, and placed in the t h e r m a l column for about 2 h r . The 
total t he rma l flux incident upon and pass ing through each sample was m e a s ­
ured by gold foils of known weight placed on the top, bottom, and middle of 
each container . The average flux was 5.2 x lO^'^n/cm^, 

G a m m a - r a y counting was c a r r i e d out using a 5" x 4" Nal c rys t a l and 
assoc ia ted e lec t ronic equipment, including a 256-channel ana lyzer . Thus, 
spec t ra l data, as well a s net counts , we re obtained. The f i r s t m e a s u r e m e n t s 
were made 2 days after i r r ad ia t ion , at which t ime the induced act ivi t ies of 
the foods and accompanying conta iners were low enough to allow safe 
handling, 

The bulk of the gamma-ac t iv i ty at this t ime was due to Na as indi­
cated both by spec t r a l c h a r a c t e r i s t i c s and by decay t imei K^ must obviously 
have been p r e s e n t at this t ime but was not observed s ince the intensi ty of 
the l , 4 9 - M e v 7 - r a y f rom K*̂  is between 1% and 10% that of e i ther 7 - r a y from 
Na , assuming equal concentra t ions of the two e lements in the i r r ad i a t ed 
m a t e r i a l . E s t i m a t e s of N a ^ activity at the end of i r r ad ia t ion were 27 to 
33 p c / k g for the animal t i s s u e s , 6.6 ]itc/kg for fruit (peaches) , and 24 juc/kg 
for vegetables ( ca r ro t s ) . Two weeks after i r r ad ia t ion the animal t i s sue 
samples had a net countin.g r a t e equivalent to 7 x 10"^^ cur ie R a / s a m p l e or 
about 2 X 10"*° cur ie Ra /kg . No d i sc r e t e s t r u c t u r e was apparent in the net 
spec t r a . In the region of 1.12 Mev (Zn photopeak) the net counts indicated 
that not m o r e than 6 x lO"*^ cur ie could be p r e s e n t . The fruit and vegetable 
samples showed no net count 2 weeks after i r r ad ia t ion . 

B e t a - r a y counting of infinitely thick samples of the same m a t e r i a l s 
showed act ivi ty dec reas ing with the half-life of P^^, Extrapolat ing back to 
the t ime of i r rad ia t ion , values of the o rde r of 2 ,4 / i c /kg of induced P^^ were 
indicated in the animal t i s s u e s . There was no m e a s u r a b l e /3 activity in the 
fruit or vegetable s ample s . 

On the assumpt ion that food is i r r a d i a t e d under such conditions that 
a total flux of lO' slow neutrons has been rece ived (an amount which should 
be adequate for s te r i l i za t ion) , and taking the max imum values for the mea t 
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samples as maximal for any diet so s ter i l ized, we may tabulate the r a d i o ­
isotope concentrat ions as in Table 36, which also gives the pe rmis s ib l e 
concentrat ions for potable water . 

T A B L E 36 

M a x i m u m r a d i o a c t i v i t i e s i n d u c e d in food i r r a d i a t e d w i th l O ' n / c m ^ 

Na^* 
K*^ 
p32 

S " ( c i ) 
C a « 
T o t a l g a m m a 
N a t u r a l K*° 

t = 0 

6.3 X 10~* 
2.5 X 10"^ 
4 .6 X 10"^ 
4 .5 X 10-® 
4 . 4 X 1 0 ' " 

_ 
abou t 10"^ 

t = 2 w e e k s 

10-12 

10-14 

2.4 X 10"'^ 
3.7 X 10"* 
4 .0 X 1 0 " " 
2.2 X 10"' ' 

t = 100 d a y s 

at 

_ 
4 .4 X 10"^ 
2.1 X 10"" 
2 .8 X I D " " 

_ 

I n d u s t r i a l 
p e r m i s s i b l e 
w a t e r c o n e . 

8 X 10-^ 
10 X 10"^ 

2 X 10"* 
5 X 10"3 
5 X 10"* 

l / 3 0 of 
p e r m i s s i b l e 
w a t e r c o n e . 

2.7 X 10-* 
3.3 X 10"* 
6.7 X 10"^ 
1.3 X 10"* 
1.3 X 10-5 

• D a t a a r e e x p r e s s e d a s | i c / g . I t i s a s s u m e d t h a t r a t i o s of K.% N a : CI ; C a in t h e 
food a r e a s 3 6 : 10: 16: 4 .2 

Taking 1/30 of the industr ia l pe rmi s s ib l e radiat ion level as accept ­
able for the whole population, it is seen that total food intake 2 weeks after 
i r rad ia t ion would be safe within a factor of about 30, and that if the food 
were to cool for 100 days, the factor would be in excess of 100. 

T A B L E 37 

A p p r o x i m a t e r a d i a t i o n d o s e r a t e in food 
i r r a d i a t e d wi th lO^n / cm^ 

Another way of ca l ­
culating r i sk would be to 
es t imate the radiat ion dose 
to the body if it should come 
to equal that within an infi­
nite volume of the meat con­
sumed - which should, in 
genera l , be l imit ing. This 
appea r s , roughly approxi ­
mated, in Table 37. 

Under this a s s u m p ­
tion, total dose r a t e after 
2 weeks ' cooling t ime will be 
l ess than 1/5 of that from 

natural K ° values for t i s sue (about 1/50 of na tura l background radiation) 
and after 100 days will be about 1/1000 of background. It would appear from 
this that pile s ter i l iza t ion of foodstuffs is feasible if a reasonable cooling 
t ime (a few days) is allowed. It is noted that Ŝ ^ (from chlorine) eventually 
may become the l imiting factor. 

p32 

D o s e , m r a d s / y e a r 

0 

70 
65 

6.6 
0.06 

"Coo l ing" t i m e 

2 w e e k s 

10-* 
2 X 10"* 

3.4 
0.05 

100 days 

6 x 10"^ 
3 X 10-2 



F u r t h e r s tudies , using higher t h e r m a l fluxes, will be c a r r i e d out to 
de te rmine what r a r e e lements of high-act ivat ion c r o s s section may appear 
in foodstuffs, and the form in which S^^ appears after i ts production in food­
stuffs by the n,p reac t ion on CI . 

Summary 

Measuremen t s of radioact iv i ty of typical foodstuffs after pile i r r a ­
diation, and of the pa r t i cu la r isotopes concerned, indicate that s te r i l i za t ion 
in a flux of lO' t h e r m a l neutrons is an ent i re ly safe p rocedu re , pa r t i cu la r ly 
if a few days ' cooling is allowed. After 100 days ' cooling the radioact ivi ty 
of typical foodstuffs i s negligible by any c r i t e r i a . 



THE PRODUCTION OF HEAT BY THE NEUTRON IRRADIATION 
OF BORON-FREE GLASS, LIME GLASS AND QUARTZ, AND 
ITS E F F E C T UPON THE CONDENSATION OF PHOSPHATE 

Takuya R. Sato and William P . Nor r i s 

Recently, e lec t rochromatographic analys is of neu t ron - i r r ad i a t ed 
phosphate has revea led that g rea t c a r e mus t be exerc i sed in the select ion 
of conta iners for m a t e r i a l s to be act ivated with neutrons in the r e a c t o r . 
When we f i r s t i r r ad ia t ed phosphates with neu t rons , we found that anhy­
drous disodium acid phosphate, Na2HP04, was somet imes completely con­
ver ted into pyrophosphate , Na4P207, This condensation effect was finally 
t r aced to the na ture of the glass con ta iners . With conta iners of pure 
quar tz , t he re was no a l te ra t ion of the phosphate , but with those of l ime 
glass and of so-ca l led boron- f ree glass (that contain about 2.0% and 0.2% 
of bor ic oxide, respect ively) the re was complete convers ion of phosphate 
to pyrophosphate . 

The effect of l ime g lass and of boron- f ree g lass upon the conden­
sation of Na2HP04 in the r e a c t o r is s imi l a r to the action of heat upon 
Na2HP04. Boron a toms have about 7000 t imes g rea t e r capaci ty for a b s o r p ­
tion of neutrons than the si l icon, oxygen and ca lc ium of the g lass itself, yet 
all these e lements have about the same neutron-binding energy. This sug­
gested that neutron absorpt ion by boron in l ime g lass and in boron- f ree 
g lass might provide sufficient energy to heat the g lass and the enclosed 
phosphate . 

In view of the poss ible significance of these observa t ions for the 
in te rpre ta t ion of the effects produced by neutron i r r ad ia t ion , we have now 
explored m o r e exhaustively the heat produced by neut ron i r r ad ia t ion of 
var ious con ta ine r s . The shape of the conta iners has been va r i ed , and they 
have been i r r ad i a t ed with and without samples of Na2HP04, 

Mater ia l s and Methods 

Measurement of container t e m p e r a t u r e . The g lass tubes employed for 
the i r r ad ia t ion were pure s i l ica (quar tz . Corning Glass Company), bo ron-
free g lass (Corning 7280) and l ime glass (Corning). Three different tubes 
were p r e p a r e d from each glass as follows: empty tubes , 1 x 10 cm, sealed 
at one end, without any samplei tubes + Na2HP04, 1 x 10 cm, with a c o m ­
m e r c i a l anhydrous p repa ra t i on of Na2HP04j and capi l la ry tubes , 1 x 10 cm, 
one end of which had been mel ted into a th ick-wal led cap i l l a ry with the end 
sealed? outer d i ame te r 10 m m , inner d i ame te r 2 m m , length 2 cm. The 
amount of Na2HP04 in each quar tz and boron- f ree g lass tube was 0.2 g, that 
in the l ime g lass 0,4 g. The thermocouples consis ted of a No. 28 gauge. 



chromel -a lume l (duplex thermocouple , Leeds and Northrup Company) | the 
thermocouple junctions were spot welded. These thermocouples were s u s ­
pended near the sealed ends of the empty tubes , in the capi l lary of the 
capi l la ry tubes , and in the powdered c rys t a l s in the tubes + Na2HP04. The 
insulated lead wi re s to the thermocouples were secured tightly by means 
of a cork s topper . These w i r e s , which were about 12 feet long, were spot 
welded to copper w i r e , and the ch romel -coppe r junction se rved as the cold 
junction. 

The g lass conta iners with the thermocouples were placed in s tand­
a r d a luminum cans (3 cm in d i ame te r , 14 cm long). The cans were cov­
ered and lowered into the ver t i ca l th imbles of the Argonne r eac to r C P - 5 , 
which had been turned off for this loading operat ion. The conta iners were 
placed in the region in which the neutron flux was , after "run up ," about 
2 x 10^ 'n / sec , and the 7 - rad ia t ion was roughly 500,000 r / m i n . F r o m "shut 
off," the r eac to r was "run up" under automatic control to full power in 
about 25 min. 

F o r the measu remen t s s the copper wi re leads were connected to a 
Leeds and Northrup 10-point thermocouple se lec tor switch so that 9 differ­
ent thermocouples could be connected quickly in success ion to a Brown 
potent iometer . The potent iometer had a pen - t r ave l dis tance of 12 inches 
(100 sca le divisions) per 10 mi l l ivo l t s . A var iab le r e s i s t a n c e was con­
nected in pa ra l l e l with the potent iometer to d e c r e a s e the sca le deflection 
one-fourth the original dis tance 

The ch rome l - a lume l thermocouples were s tandardized at the m e l t ­
ing point of ice (0°) and the boiling of water (100°). The voltage output 
with a cold junction at 0° and the hot junction at 100° was m e a s u r e d with a 
Leeds and Northrup mil l ivolt po ten t iometer , and the output voltage was 
compared with that of the Brown Ins t rument Company 's s tandard c h r o m e l -
a lumel char t to a r r i v e at a cor responding t e m p e r a t u r e value. The output 
voltage of the thermocouples was noted on the Brown record ing poten t iome­
t e r to which the output of each thermocouple was connected in succession^ 
in this way, the t e m p e r a t u r e of the g lass conta iners was de te rmined as a 
function of t ime . 

Analysis of i r r ad i a t ed phosphate . The products formed by the i r r ad ia t ion 
of phosphate in conta iners of different kinds of g lass were separa ted by 
e lec t rochromatography F o r this pu rpose , 0.0142-g por t ions of the i r r a ­
diated sa l ts were t r a n s f e r r e d to 10-ml volumetr ic f lasks and dissolved in 
water to form 0.01 formula weight solut ions . The var ious oxyacids con­
tained in these solutions were separa ted by e l ec t rochromatography in a soft, 
ac id-washed c o m m e r c i a l f i l ter paper mois tened with 0.1 M_acetic acid. 

F o r the detection and locat ion of the radioact ive p roduc t s , r a d i o -
autographs were made with Kodak No Screen X - r a y f i lm. The separa ted 



substances were identified by re ference to the migrat ion of authentic non­
radioact ive prepara t ions submitted on the same sheet of filter paper . 

F o r the identification of the radioact ive phosphorus compounds 
separa ted by e lec t r ica l migrat ion, authentic, nonradioactive phosphorus 
compounds were submitted to e lec t r ica l migra t ion in mois t paper and 
located by neutron activation, or a l ternat ively, radioact ive t r a c e r s were 
employed. F o r the activation, the paper was dried, placed on a sheet of 
polyethylene, and the two sheets were rol led together , providing a cylin­
der about 2 inches in d iameter . This rol led paper was wrapped in another 
sheet of polyethylene and placed in the the rmal column of the r eac to r for 
two days at a neutron flux of approxim.ately 10^^ neutrons per sec . When 
removed from the r eac to r , the paper was permi t ted to "cool" for some 
7 to 14 days to reduce the background of the paper itself. A radioautograph 
of this paper was then made using Kodak No Screen X- ray film. 

Results 

Variat ion of t empera tu re of the glass containers with t ime is shown 
in Fig . 59. The t empera tu re of quar tz , boron-f ree glass and l ime glass 
containers rose rapidly and leveled off after 25-30 min. At the s t a r t , after 
"shut-off," all the thermocouples gave the same reading of 50°C in the v e r ­
t ical thimbles of the r eac to r , thus indicating that all the thermocouples 
were performing consistently. 

The three quartz containers yielded the same t empe ra tu r e curve , 
which reached a constant t empera tu re of about 155°C. The boron-f ree 
glass containers reached higher t e m p e r a t u r e s : the capi l lary tube, 398"C? 
the empty tube, 368°C; and the tube + Na2HP04, 350°C. The t empera tu re 
of the l ime glass containers reached very high teaxiperaturess the capi l lary 
tube, 555°C| the empty tube, 537°Ci and the tube with 0.4 g Na2HP04, 499°C. 

A typical e lec t rochromatogram of Na2HP04 samples after exposure 
to neutrons for 6 hr in different kinds of glass is reproduced in F ig . 60. 
Simultaneous e lec t r ica l migra t ion of Oak Ridge H3P'^04 proved that the 
pr incipal radioactive product formed in the quartz tube was phosphate 
(P^^Of). In boron-f ree glass and l ime glass tubes , the pr incipal radioact ive 
product was pyrophosphate (P2OI), identified by compar ison with authentic 
nonradioactive pyrophosphate which was located by neutron activation of 
the e lec t rochromatogram. 

If the pyrophosphate in the boron-f ree and l ime glass tubes was 
formed by heat, the ent i re sample , not only the radioact ive species , should 
have been converted to pyrophosphate. To tes t th i s , the e l ec t rochromato­
gram that provided the autograph shown in F ig . 60 was allowed to stand 
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Figure 59. Temperature of glass containers exposed to neutrons in the 
CP-5 reactor as a function of time. 

until most of the radioactivity had decayed. The paper was then exposed 
to neut rons , allowed to cool for two weeks to reduce the background, and 
another autograph was made . As shown in Fig , 6l the activity was located 
in the samie region as before (comipare with Fig , 60), thus demonstra t ing 
that the phosphate in quar tz tubes had remained phosphate, whereas the 
phosphate in boron-free glass and in l ime glass had been converted en­
t i re ly into pyrophosphate. 

Discussion 

The r a t e s of t empera tu re r i s e shown in Fig . 59 indicate that the 
t empera tu re inc rease resu l ted from the interact ion of neutrons with e l e ­
ments of the glass conta iners . This t empera tu re r i s e can be cor re la ted 
with the boron content of the g lass , with the la rge c r o s s section of boron 
for neutrons, and with the grea t energy of the B(n,a)Li reac t ion . 
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Figure 60. Neutron activation products of Na2HP04 irradiated in glass containers in air. RadioautOĵ raph 
of radioactive products separated by electrochromatography after neutron irradiation of 
Na2HP04 in lime glass, boron-free glass and quartz in air. Background solution 0.1 M 
acetic acid, time 2 hr, D. C. potential about 12 v/cm. 
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Figure 61. Neutron activation products of Na2HP04 separated by electrochromatOjjraphy and reactivated 
by neutron irradiation of the electrochromatogram. The electrochromatogram that provided 
the autograph shown in Fig. 60 was permitted to stand until the activity aecayed. It was 
then exposed to neutrons at a flux of 10 n/sec for 48 hr and allowed to stand for 2 weeks. 
The autograph was made with Kodak No Screen X-ray film. 



The s imi la r i ty of t e m p e r a t u r e s of the t h r ee quar tz glass containers 
indicates that heat production and heat t r ans fe r were not affected by the 
p r e sence of Na2HP04 in the quar tz glass tube. E lec t rochromatograph ic 
analys is of the phosphate (Fig. 60) proves that t he re was no t he rma l con­
vers ion of Na2HP04 to pyrophosphate in the quar tz tubes . 

The th ree tubes of boron-f ree g lass did not r e a c h the same t e m p e r a ­
t u r e s , as shown in Fig , 59. Whether or not these different t e m p e r a t u r e s can 
be a t t r ibuted to the m a s s of the g lass , to the t h e r m a l conductivity of the 
c rys ta l l ine phosphate , or to other f ac to r s , has yet to be es tabl ished. The 
same considera t ions apply to the th ree tubes of l ime g la s s . 

The r e su l t s shown in F ig . 59 indicate that the boron- f ree and l ime 
g lass tubes r eached t e m p e r a t u r e s that were high enough to convert phos ­
phate into pyrophosphate . The convers ion of Na2HP04 into pyrophosphate is 
an endothermic reac t ion , proceeding at a rapid r a t e in the t e m p e r a t u r e 
range of 360-400° C. This t e m p e r a t u r e was r eached by the boron- f ree g lass 
and was grea t ly exceeded in the l ime g l a s s , (Fig. 59) indicating that the 
heating effect or iginated in the g lass and not in the phosphate , itself. 

The r a t e of heating of the glass conta iners is indicated by the slope 
of the curves in F ig . 59- Severa l conditions contr ibuted to th is r a t e of 
heat ing. The f i r s t was the heat capacity of the tubes themse lves and of the 
contained phosphate . Another was the gradual ly inc reas ing neut ron flux 
as the r e a c t o r was brought to full power during the f i r s t Z5 min„ When the 
curves leveled off, the heat production was balanced by the heat loss by 
t h e r m a l conductivity. 

The authors wish to acknowledge the a s s i s t a nc e of Mr. Eugene Synder 
during a p a r t of this work. 
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MEASUREMENT OF Ca*^ BY LIQUID SCINTILLATION METHODS 

Walter E . Kis ie leski and F rank Smetana 

Liquid scinti l lat ion counting has proved to be a convenient, sens i t ive , 
and rapid method for the routine m e a s u r e m e n t of organic and aqueous solu­
tions containing t r i t ium, C , and S^^. The abili ty of liquid phosphors to r e ­
spond with excellent sensi t ivi ty to low-energy ^ - e m i t t e r s suggests that they 
may be applicable to h ighe r - ene rgy j3-emitters as well a s 7 - and a - e m i t t e r s . 
With low-energy ^f e m i t t e r s such as C and t r i t i um, the isotope can be in­
corpora ted into gaseous compounds for gas -phase counting. Ca , on the 
other hand, can only be counted in the solid phase; liquid scint i l lat ion count­
ing affords an a l te rna t ive method of m e a s u r e m e n t which e l iminates the p r o b ­
l ems of se l f -absorpt ion and s c a t t e r . 

Measu remen t s of Ca*^ have been made uti l izing the techniques of l i ­
quid scint i l lat ion counting as previously d e s c r i b e d , ' ! ) Using a liquid sc in t i l ­
l a to r composed of 4 g / l i t e r of Z,5-diphenyloxazole in a solution of 70% toluene 
and 30% absolute alcohol, Ca"*̂  can be m e a s u r e d with an efficiency of 45% at 
a background of 50 cpm. With these counting c h a r a c t e r i s t i c s Ca*^ can be 
m e a s u r e d rout inely in a solution containing 500 m g / m l of CaClj at a lower 
l imi t of 3 X 10"* juc^ml. 

Samples for the m e a s u r e m e n t of Ca a r e p r e p a r e d by dissolving up 
to 0.2 ml of an aqueous solution of CaClz in 10 m l of the liquid sc in t i l l a to r . 
The samples a r e contained e i ther in 5 -d ram glass vials o r in 1-oz polyethyl­
ene bot t les , and the m e a s u r e m e n t s a r e made with a P a c k a r d T r i - C a r b Spec­
t r o m e t e r , 

The optimum elect ronic c h a r a c t e r i s t i c s with r e g a r d to photomult i -
p l ie r voltage and ampli f ier gain for Ca were de te rmined by plotting a s e r i e s 
of curves showing the effect of photomult ipl ier voltage on pulse height d i s ­
tr ibution (Figure 62). F r o m this s e r i e s of cu rves , it was es tab l i shed that 
the optimum operat ing c h a r a c t e r i s t i c s for the m e a s u r e m e n t of Ca*^ in the 
T r i - C a r b Spec t rome te r a r e photomult ipl ier voltage, 1050 v; d i s c r imina to r 
voltage width, 10 to 75 v; and max imum gain on the ampl i f i e r s . Under these 
conditions the counting ra t e va r i e s l e s s than 5% over a photomult ipl ier volt­
age that ranges between 1000 and 1100 vo l t s . 

The ove r - a l l p rec i s ion of the method was de te rmined by measu r ing 
10 samples each containing 0,1 ml of a ca l ib ra ted solution of Ca*^ plus the 
liquid sc in t i l l a to r . The s tandard deviation of these m e a s u r e m e n t s was 
found to be ± 1.1% as agains t an expected s tandard deviation, based on 
counting s t a t i s t i c s , of ± 0.7%. The r e su l t s were essen t ia l ly the s ame in 
the 5 -dram glass vials-^and in the polyethylene bot t les . 



Figure 62. Relative counting efficiency 
versus photomultiplier and 
discriminator voltage. 
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In considering the background contributions, it was deternained that 
the liquid scint i l la tor contributes approximately 2 c p m / m l and the 5-dram 
glass vial alone gives a baclcground count of 20 cpm. The background of 
the polyethylene bottles is about 10% less than that of the glass vials with 
about an equal inc rease in efficiency under the same conditions. Because 
of the low cost of polyethylene bot t les , they imay find use in routine low-
level counting where a disposable bottle would be des i rab le . 

The method is being applied to the m e a s u r e m e n t of Ca in biological 
m a t e r i a l s , especial ly bone. Certain quenching phenomena assoc ia ted with 
these measu remen t s will be repor ted short ly . 

Reference 
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THE MEASUREMENT OF PROTEIN TURNOVER IN RAT LIVER 

III. The Effect of Dietary P ro te in 

Rober t W. Swick and Rita A. Mart in 

Solomon and Tarver^ ' a t tempted to reconci le the dispar i ty in the 
es t imates of l iver prote in tu rnover calculated from data obtained by a single 
exposure to t r a c e r m a t e r i a l s . They suggested that the d i sc repanc ies miight 
be due to differences in the protein content of the s eve ra l exper imenta l d ie t s . 
As evidence, they m e a s u r e d the loss of methionine-S from var ious t i s sue 
prote ins including l iver over a per iod of 4 days and found that the d i sappea r ­
ance was acce le ra t ed when the aniinals were fed a diet containing 45-50% of 
case in . That the i n c r e a s e d ra t e of loss of isotope was not due to a washing-
out effect was shown when methionine added to a low casein diet failed to 
affect the r a t e of d isappearance of i sotope. They used two t ime pe r iods , 
fromi 3 h r to 4 days in one exper iment and from 1 day to 5 days in a second, 
in o rde r to show that the i r data were not the r e su l t of se lect ing the r ight 
t ime per iod. However, the re were some r a the r l a rge differences in the d i s ­
appearance of isotopes between the two expe r imen t s . The use of an a r b i ­
t r a r y t ime for the ini t ial point on thei r curves m a y not be valid since it may 
not r e p r e s e n t the same re la t ive position on each specific act ivi ty cu rve . 

The p re sen t r epo r t desc r ibes the effects of varying the level and the 
type of amino acid source on the renewal r a t e of l iver prote in a s m e a s u r e d 
by the incorporat ion of isotopic COg into the guanidine group of a rg in ine . It 
will be shown that the level of prote in intake has l i t t le or no effect on the 
tu rnover of l iver prote in but that the spec t rum of amino acids offered may 
have a slight effect on the tu rnover r a t e . 

Methods 

Adult female r a t s were fed var ious diets containing CaC O3 in a 
continuous manner as desc r ibed p rev ious ly .*^ The amino acid sou rces 
used were a mix tu re of essen t ia l amino acids plus addit ional n i t rogen in 
the form of ammonium c i t r a t e , case in and a case in hydro lysa te . The levels 
a r e shown in Table 38, In one exper iment , 5 cc of blood were withdrawn by 
card iac puncture immedia te ly before exposure to the t r a c e r diet. After an 
exposure of 2 days , a l l an imals were sacr i f iced and l ive r prote in arg in ine 
was i so la ted and degraded enzymat ical ly . The specific act ivi ty of the guan­
idine carbon as well as that of excre ted u r e a m e a s u r e d as before.^ ' / 



TABLE 38 

Effect of diet on the renewal r a t e of l iver prote in 
(2-day exposure) 

Amino acid source 

20% essen t ia l amino acid mix tu re 
10% essen t ia l amino acid mix ture 
2% essen t ia l amino acid mix tu re 

50% casein 
18% casein 
12% casein 

2% casein 
Casein hydrolysa te equiv. to 18% 

casein plus 0.2% dl- t ryptophan 
18% casein** 

Frac t ion rep laced pe r day* 

0.24, 0.25 
0.26, 0.27, 0.25, 0.27 
0.29, 0,35, 0,32, 0.40 
0.23, 0.24, 0.22, 0.25 
0.20, 0.23, 0.22. 0,25 
0.23, 0..32 
0.24, 0.31 
0..21, 0..24 

0.22, 0,25 

• E a c h value r e p r e s e n t s data obtained from one an imal . 

**5 cc of blood were removed from each of these an imals at the 
beginning of ttie exposure per iod. 

Resul ts 

The r i s e in specific activi ty of the excre ted u r e a reached a plateau 
at about the same t ime , 18 + 3 h r , r e g a r d l e s s of the diet fed; hence , it a p ­
pea red u n n e c e s s a r y to de te rmine the r i s ing curve of activi ty for each ex­
pe r imen ta l group. It is m o r e reasonable to expect that the specific act ivi ty 
of the guanidine moiety of f ree hepatic arg in ine r e a c h e s i ts equi l ibr ium 
value a lmos t ins tantaneously than that it follows the t ime course r e p r e s e n t e d 
by excre ted u r e a . The m e r i t s of this assumpt ion have been discussed.l-^i 
Therefore , the r i s e in specific act ivi ty of the guanidine group of l iver p r o ­
tein arg in ine was a s s u m e d to be desc r ibed by a single exponential function. 
The data were fitted to Equation 3 of Reference(3), and the rep lacement ra te 
was calculated (Table 38). 

It is immedia te ly apparen t that , as long as they a r e adequate , ne i ther 
the level nor the type of amino acid source has much effect on the r a t e of r e ­
newal of l ive r prote in a s m e a s u r e d by a 2-day exper iment . During this p e r ­
iod, isotope is incorpora ted predominant ly into those pro te ins which a r e 
p r e s u m e d to be the m o s t labi le , i . e . those that have the fas tes t tu rnover 
r a t e s and hence those mos t l ikely to show differences due to d ie tary or m e ­
tabolic var ia t ion . Since t he re is so l i t t le difference between d ie ta ry groups 
receiving adequate amounts of the essen t i a l amino acids (e.g., 10 and 20% 
of essen t ia l amino acid mix tu re and 12, 18 and 50% of casein) , one may con­
clude that the level of prote in intake has no effect on the tu rnover r a t e of 
l iver pro te in . 



The turnover r a t e s of the pro te ins in r a t s fed a diet containing only 
the essent ia l amino acids appear to differ slightly fromi those in which the 
diet contained al l of the amino ac ids , whether as intact protein or as a p r o ­
tein hydro lysa te . The turnover ra te of hepatic prote ins of the fo rmer r a t s 
exceeded that of the l a t t e r groups by about 10%, It is in te res t ing to note 
that the rat io of l iver weight to body weight in an imals fed the essen t ia l 
amino acid mixture was a lso about 10% higher than in those fed case in . 

The turnover ra te of l iver prote in in an imals fed inadequate amounts 
of the essent ia l amino ac ids , i . e . 2% of the mix ture or of casein , appeared 
to be fas ter than in those given an adequate supply. This is con t ra ry to what 
one would expect . The m o r e labile p ro te ins , those with the fas ter turnover 
r a t e s , would be the ones which would be expected to dec rease in amount in 
the deficiency s ta te , thus resul t ing in a s lower apparent renewal r a t e . 

In an extension of the e a r l i e r work, Steinbock and T a r v e r l ^ / found 
that the d isappearance of S^^-labeled methionine from p lasma albumin was 
definitely assoc ia ted with the protein content of the diet. The half-l ife of 
p lasma albumin ranged from 17 days in r a t s fed no prote in to 2.9 days in 
an imals given 65^0 prote in . However, Hubay et aL^ ' , using Î ^̂  labeled 
p lasma albumin, could find no effect of nutr i t ional s tatus on the r a t e of d i s ­
appearance of isotope from the blood of pa t ien ts . It has been suggested that 
much of the protein synthesized by the l ive r is p lasma albumin, and indeed, 
the amount of albumin formed daily as calculated by o thers would account 
for mos t of the protein synthesized at the r a t e s p re sen ted h e r e . However, 
when roughly one- th i rd of the c i rculat ing albumin was removed by bleeding, 
t he re was no subsequent r i s e in the l iver turnover ra te (last i t em in Table 
38)„ If this albumin depletion were going to produce a m e a s u r a b l e effect, it 
should have been apparent within the exper imenta l per iod chosen. 

Ei ther the es t imates of ra te of synthesis of the albumin a r e excess ive 
or the l iver is producing albumin at a maximum ra te at al l t i m e s , 

It is hoped that examination of the p lasma albumin fromi these an imals 
will faci l i tate in te rpre ta t ion of these data. 
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THE MEASUREMENT OF PROTEIN TURNOVER IN RAT LIVER 

IV, The Effect of Growth 

Rober t W. Swick and Rita A, Mart in 

Buchanan and Nakao^ •' studied the effects of growth on carbon t u r n ­
over in an a t tempt to explain the g r e a t e r uptake of isotope in growing s y s ­
t ems as comipared to nongrowing sys t ems observed by o thers after a single 
dose of t r a c e r m a t e r i a l . They m e a s u r e d the total carbon tu rnover of grow­
ing and nongrowing an imals continuously exposed to isotopic COg and con­
cluded that the rapid uptake observed in growing sys t ems is a r e su l t of the 
rapid synthesis of m a t e r i a l s in equi l ibr ium with the isotope, plus the no r ­
ma l tu rnover of components a l ready synthes ized. The p r e s e n t work is an 
elaborat ion of the i r exper imen t s , wherein the incorpora t ion of C Og into 
the guanidine group of arg in ine i so la ted fromi the l ive r p ro te ins of growing 
r a t s was m e a s u r e d and compared with that in adult a n i m a l s . 

Methods 

Weanling female r a t s were fed a diet containing 18% of case in a s 
the protein source and CaC O3 at hour ly in te rva l s as desc r ibed previously.i '^i 
After 4 days ' exposure , the an imals were sacr i f iced, and the l i v e r s were r e ­
moved and weighed. Arginine was i so la ted fromi the total l iver p ro te ins , and 
the specific act ivi ty of the guanidine group and of excre ted u r e a was de te r ­
mined a s CO2 after enzymatic degradation.' '^' '^' ' 

The init ial l iver weights of the exper imenta l r a t s were es t ima ted by 
calculating the r e g r e s s i o n of l iver weight against body weight from a group 
of r a t s of comparable weight and h i s to ry ; these r a t s were sacr i f iced at the 
t ime the exper imenta l an imals were placed on the feeding r eg imen . 

The l ive r s of the young r a t s which grew during the exposure per iod 
may be cons idered to be composed of two f rac t ions : that l iver which exis ted 
at the s t a r t of the exposure per iod and that l ive r which was formed during 
the exper iment . Since the specific act ivi ty of the guanidine group of f ree 
arginine is assum,ed to r each i ts equi l ibr ium value a lmos t immedia te ly af ter 
exposure to isotope, l^) al l of the arginine incorpora ted into the l iver pro te in 
formed during the exper imenta l per iod will have the s ame specific act ivi ty 
as free arg in ine a s m e a s u r e d by excre ted u r e a . There fo re , the specific 
act ivi ty of the arg in ine i so la ted from the whole l i ve r will be the weighted 
ave rage of the new l iver pro te in of known specific act ivi ty and the "old" 
l iver of unknown specific act ivi ty . If the amount of new l iver prote in can 
be es t imated from the growth of the l ive r , then the specific act ivi ty of the 
"old" l ive r prote in may be calculated. The calcula ted specific act ivi ty of 
"old" prote in is then fitted into Equation 3 of Reference (3), and i ts renewal 
r a t e i s computed. 



Results 

Table 39 shows the es t imated growth of the l iver during the expo­
sure period, the observed specific activity of the l iver protein re la t ive to 
u rea , and the calculated specific activity of that fraction of l iver which ex­
is ted at the beginning of the exper iment . Table 40 gives the calculated 
r a t e s of renewal of the "old" proteins and, for comparison, the r a t e s of 
renewal observed in adult ra t s t r ea ted for a s imi l a r length of t ime. i^) The 
wider range of the values for the weanlings par t ly resu l t s from the e r r o r 
in est imating the initial l iver weight of the young an ima l s . 

TABLE 39 

Growth of l iver and specific activity of guanidine 
groups of arginine of l iver protein 

Each value r ep re sen t s data obtained from a single animal 

Initial weight 
of l iver 
(est .) , g 

2.17 
2.17 
2.65 
2.65 
2.00 
1.90 

Final weight 
of l iver , g 

2.99 
2.87 
2.81 
2.96 
2.69 
2.55 

New l iver 
formed, 
% of total 

27 
25 

6 
10 
26 
25 

Observed 
specific activity 
in total l iver ,* 

c p m / m M 

76.7 
79.1 
68.5 
67.3 
65.1 
66.3 

Calculated 
specific activity 
in "old" l iver ,* 

c p m / m M 

67.9 
72.2 
66.5 
63.5 
53.1 
54.8 

*Specific activity of urea = 100 

TABLE 40 

Effect of growth on l iver protein turnover 

Each value r ep resen t s data obtained from a single animal 

Rats 

Weanlings 
Adults 

Frac t ion replaced per day 

0.28, 0.32, 0.27, 0.25, 0.19, 0.20 
0.24, 0.24, 0.25, 0.26 



It appears c lear that tu rnover takes place in the p resence of growth 
at a r a t e comparable to that in adult a n i m a l s . In fact turnover is so rapid 
re la t ive to growth that it accounts for 82-97% of the isotope incorpora ted . 
The separa t ion of growth and turnover probably should be a t tempted in some 
organ or sys tem where the two a r e occur r ing at m o r e near ly the same r a t e . 
Since turnover in the absence of growth involves both synthesis and deg ra ­
dation, the es t imate of tu rnover is given e i ther by the ra te of synthesis or 
by the r a t e of degradat ion. The s imi l a r i ty of renewal r a t e s obse rved in adult 
and growing ra t s suggests that growth occurs in the p r e s e n c e of a nornaal 
turnover r a t e . Therefore growth probably r e su l t s from an i nc r ea sed r a t e 
of synthesis and not from an inhibition of the degradat ive p r o c e s s e s . These 
data a r e in accord with the findings of Buchanan and Nakao.C-^) 
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INFLUENCE OF OXIDATION PRODUCTS OF EPINEPHRINE UPON THE 
ADENOSINE TRIPHOSPHATASE ACTIVITY OF 

A UTERINE MUSCLE PREPARATION 

Mario A, IncMosa, J r . , and N. L. VanDenaark* 

These invest igat ions were under taken as p a r t of an a t tempt to gain 
information concerning the biochemical changes accompanying the s t i m ­
ulation of u te r ine contract i l i ty by epinephrine. The typical physiological 
response of the nonpregnant u t e rus to epinephrine in mos t species appea r s 
to be diphasic, with an init ial contract i le r e sponse followed by a longer 
per iod of inhibition.l-^i In the p r e sen t study it was found that the dephos-
phorylation of adenosinet r iphosphate (ATP) by a contract i le prote in p r e p ­
ara t ion from bovine u te r ine musc le was inhibited by oxidation products 
of epinephr ine . The enzymatic act ivi ty has been r e f e r r e d to as adenos ine -
t r iphospha tase (ATPase) act ivi ty for convenience; however , m o r e than one 
enzyme may be involved. 

Mater ia l s and Methods 

The myome t r i um from four nonpregnant cows was pooled for the 
isolat ion of a contract i le pro te in p repa ra t ion . The musc le was chopped in 
a chil led mea t g r inder and 105 g of t i s sue were ex t rac ted with 350 m l of a 
solution 0,3 M in KCl, 0,15 M in K2HPO4 and 0.15 M in KH2PO4. by constant 
agitat ion with an e l ec t r i c s t i r r e r for S ^ h r . The mix tu re was diluted with 
1.4 l i t e r s of water , f i l te red through cheese cloth, and the f i l t ra te was diluted 
with water to a volume of 4.2 l i t e r s . This m.aterial was allowed to s tand 
until precipi ta t ion of prote in was comple te . The prec ip i ta te was col lected 
and dissolved in 2,0 M_KC1; the supernatant was d i sca rded . The prote in 
p repara t ion was purif ied by a technique which has been previous ly de -
scribed.(2) The purif ication p rocedure was c a r r i e d through four t i m e s . 

A T P a s e a s s a y s were conducted under anaerobic conditions at 38*C 
in NaHCOs buffer (pH 7,3) with m e a s u r e m e n t s of the r a t e of accumulat ion 
of inorganic phosphate . The a s s a y s were c a r r i e d out in Warburg f lasks 
gas sed with a 95% N2, 5% COg mix tu re to produce anaerobic condit ions. In­
organic phosphate was de te rmined by the method of F i s k e and SubbaRow.P) 

The concentrat ion of the oxidation product or products of epinephrine 
were es t ima ted a s a d r e n o c h r o m e . The optical densi t ies of reac t ion mix tu res 
in one group of exper imen t s and of pa r t i a l ly oxidized epinephrine solutions 
in a second group were compared to a s tandard ad renoch rome assay , (^ ) The 
m e a s u r e m e n t s were made using the Kle t t -Summerson photoelec t r ic co lor ­
i m e t e r with No, 50 f i l te r . The oxidation product or products were not iden­
tified fur ther for these e x p e r i m e n t s . 

•Phys io logy Division, Da i ry Science Depar tment , Univers i ty of I l l inois , 
Urbana . 



185 

Resul ts 

Epinephrine was incubated aerobica l ly with the u te r ine p repara t ion 
in the f i r s t group of a s s a y s for per iods of t ime ranging from 1/4 to 30 min . 
As can be seen in Table 41 , i nc reased t ime of ae rob ic incubation r e su l t ed 
in p r o g r e s s i v e i n c r e a s e s in the extent of epinephrine oxidation, and in turn , 
p r o g r e s s i v e inhibition of A T P a s e act ivi ty, 

TABLE 41 

Effect of oxidation products of epinephrine upon A T P a s e act ivi ty 
of a u te r ine musc le p repara t ion 

Oxidation 
per iod, 

min 

1/4 
1/4 

3 
3 

10 
10 
21 
21 
30 
30 

Concentrat ion of 
oxidation products 

es t imated as 
ad renochrome , M X 10 

0,67 
0,80 
0.87 
0.87 
1,07 
1.27 
1.66 
1.80 
1.86 
2.06 

/iM P r e l e a s e d pe r m l 
react ion m i x t u r e * / h r 

Control 

0.73 
0,74 
0.74 
0.75 
0.74 
0.74 
0.73 
0.74 
0.69 
0,70 

oxidized 
epinephrine 

0,71 
0,72 
0,69 
0,67 
0.63 
0.64 
0,53 
0.52 
0.39 
0.39 

% 

Inhibition 

2.7 
2.7 
6,8 

10.7 
14.9 
13,5 
27.4 
29.7 
43.5 
44.3 

• T h e react ion mix tu res contained 37,5 jig N/m.1, 0.0260 M NaHCOa, 
0.5 M KCl, and 0,005 M A T P , 

The aerob ic incubation per iods were t e rmina t ed by 20 min of gass ing with 
the Ng, CO2 m i x t u r e . After the gassing, the a s s a y per iod was begun by t i p ­
ping A T P in from the side a r m of the Warburg flask. Es t imat ions of the 
concentrat ion of oxidation products were miade at the end of the a s s a y p e r ­
iod. The r e g r e s s i o n of per cent inhibition of A T P a s e act ivi ty upon concen­
t ra t ion of oxidation products was highly significant (p =<0,001) . 

Autoxidation products of epinephrine, e s t ima ted a s adrenochronae 
as desc r ibed above, were a lso t es ted for an effect upon the A T P a s e act ivi ty 
of the s ame u te r ine p repa ra t ion . Solutions of epinephrine were al lowed to 
autoxidize in b icarbonate buffer to var ious extents before they were gassed 
with a 95% N2, 5% CO2 mix tu re to prevent fur ther oxidation. These solutions 



were placed in one of the side a r m s of doub le - s ide -a rm Warburg flasks 
(the other side a r m contained A T P ) . The a s s a y s were run under anaerobic 
conditions and were exactly comparable in other detai ls to the f i r s t group 
of exper iments (see footnote, Table 41). F i r s t , the autoxidized epinephrine 
solutions were added to the u te r ine p repara t ion . The A T P was tipped in 12 
min l a t e r , A 20% inhibition of A T P a s e act ivi ty was obse rved in the p r e sence 
of a 3 X 10" M_ concentrat ion of oxidation p roduc t s . An inhibition could be 
detected even at concentrat ions below 10" M. 

In none of the p resen t s tudies was any effect observed upon A T P a s e 
act ivi ty which was a t t r ibutable to epinephrine in the range of epinephrine 
concentrat ions studied (6 x 10" M to 6 x 10"^ M). 

Discuss ion 

Dickens and Glock^ ' found that ad renochrome inhibited the A T P a s e 
activi ty of myosin from the skele ta l musc le of the ra t in concentra t ions of 
10~* M or h igher . Like other quinones, ad renochrome has been found to 
oxidize r eve r s ib ly the -SH groups of s eve ra l enzymes.1") Dickens and 
Glock'^-' concluded that ad renochrome oxidatively inhibited the myosin p r e p ­
ara t ion they studied, and Bailey and P e r r y l ' ' found that oxidative r emova l 
of the -SH groups of myosin inhibited both A T P a s e act ivi ty and ac tomyosin 
format ion. The inhibition of A T P a s e act ivi ty obse rved in the p r e s e n t study 
may re su l t f rom a s imi l a r ac t ion. 

In view of the prolonged inhibition of u te r ine moti l i ty following ep i ­
nephrine treatinenfinvivo_ and m vi t ro , l^) the question may be r a i s e d of a 
possible associa t ion of this r e sponse to the enzymatic inhibition obse rved 
in the p r e sen t study. The in vivo convers ion of epinephrine to ad renochrome 
is a s s u m e d under such a p roposa l . However, this question has not been 
reconc i led . The possibi l i ty i s favored by the work of Green and Richter''®'' 
demonst ra t ing enzyme sys t ems of h e a r t and skele ta l musc l e capable of 
readi ly convert ing epinephrine to ad renochrome in v i t ro , and Wajzer^s^'- ' 
r epo r t of an apparent epinephr ine-adrenochronae sys tem in mammal i an 
skele ta l m u s c l e . The isotope studies of Schayer and Smiileyl-'-O) however , 
cas t doubt upon the likelihood that ad renochrome is an in t e rmed ia t e in the 
metabo l i sm of epinephrine^ although they do not ru le out the poss ib i l i ty . 

The p r e s e n t study suggests that oxidation products of epinephrine, 
if p r e sen t , might be expected to have a significant physiological r o l e . 
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UNSATURATED FATTY ACIDS AND CHOLESTEROL METABOLISM 

IV. Effect of Dietary Choles terol on Choles terol Levels and 
Choles terol E s t e r Composition in Liver and P l a s m a of Rats 

P e t e r D. Klein 

In the previous r epo r t s in this ser ies( l>2,3) -^e have cons idered 
the unsa tu ra ted fatty acids levels of the diet in re la t ion to the levels of 
choles tero l p re sen t as f ree and e s t e r forms in r a t l iver and p lasma, as 
well as the composit ion of the e s t e r s found under these condit ions. This 
r epo r t deals with the effect of d ie tary choles te ro l on the va r iab les p r e ­
viously desc r ibed . 

Methods 

Animals and d ie ta ry conditions were ident ical to those of the e a r l i e r 
exper iments except that 0,5% cholesterol was added to the d ie t s . The me th ­
ods were given in full in e a r l i e r r epo r t s .(1.2,3) 

Resul t s and Discuss ion 

The values for the observed levels of choles te ro l and choles te ro l 
e s t e r in l iver and p lasma of r a t s on diets containing choles te ro l , as well 
a s those found in the absence of choles te ro l , a r e shown in Table 42, The 
added d ie tary choles te ro l r e su l t ed in a significant r i s e in the level of e s -
ter i f ied choles tero l ( resu l t ing in a r i s e of total choles te ro l ) in the p la sma 
of an imals fed on the F F diet.* F r e e choles te ro l levels in the l ive r s of a l l 
groups given choles te ro l showed smal l r i s e s or none at a l l ; however the 
e s t e r form rose in a l l c a s e s . The lowest i n c r e a s e was found on the 5H 
diet; the highest on the 5U diet . In con t ras t to the re la t ionship obse rved 
between l iver e s t e r content and d ie tary l inoleic ac id on the no rma l diet, no 
cor re la t ion could be drawn h e r e between the content of unsa tu ra ted fatty 
acid in the diet and the resu l t an t l iver e s t e r l eve l s . 

The var ia t ion in levels of l iver e s t e r points up the fact that this 
component ref lec ts p r o c e s s e s other than the es ter i f ica t ion reac t ions ; 
among these is the var ia t ion in choles te ro l absorpt ion f rom the gas t ro in ­
tes t ina l t r a c t , which i s , in turn , dependent upon the type and quantity of fat 
p r e sen t in the diet . In opposition to this i s the poss ib le s t e a t o r r h e a r e s u l t ­
ing from diets having a high fat content, which would r e su l t in l e s s d ie ta ry 

• T h e following symbols a r e used: F F , "fat-free d ie t" ; 5H, 5% Cr i sco , 
5U, 5% corn oil , 30H, 30% C r i s c o , 30U, 30% corn oil . 



TABLE 42 

Cholesterol values in l iver and p lasma of animals fed various levels 
of linoleic acid with and without 0.5% choles tero l 

Diet 

F F 
+0.5% C 
5H 
+0.5% C 
5U 
+0.5% C 
30H 
+0.5% C 
30U 
+0.6% C 

P l a s m a cholesterol , m.g% 

F r e e 

8.2 
8.5 

10.8 
8.6 

17.3 
10.6 
18.2 
15.0 
16.5 
12.5 

Es te r 

20.1 
54.0 
27.0 
40.4 
34.0 
36.8 
40.0 
30.2 
45.8 
53.2 

Total 

28.3 
62.5 
37.8 
49.0 
51.3 
47.4 
58.2 
45.2 
62.3 
65.7 

Liver Cholesterol , mg/o 

F r e e 

152 
222 
158 
187 
149 
243 
144 
183 
172 
218 

E s t e r 

237 
1036 

49 
533 
101 

1699 
109 
842 
194 

1053 

Total 

389 
1258 
207 
720 
250 

1942 
253 

1025 
366 

1271 

cholesterol being presented to the l ive r . Since data on these factors were 
not obtained in the present experiment , it is perhaps sufficient to indicate 
their possible contribution to the observed levels of the l iver e s t e r . 

Next, the unsa tura ted fatty acid composit ions of the l iver and p l a s ­
ma e s t e r s were determined (Table 43). In the l iver e s t e r s , the total un­
sa tura ted fatty acids es ter i f ied to choles terol were dec reased by the 

TABLE 43 

Unsaturated fatty acid composition of cholesterol e s te r s in liver and plasma 
of animals fed varying levels of linoleic acid plus 0.5fo cholesterol 

Diene 
Triene 
Tetraene 
Pentaene 
Total 

Fatty acid concentration in cholesterol e s t e r s , moles/lOO moles cholesterol 

F F 
Liver Plasma 

1.0 3.7 
0.2 1.5 
0.0 0.4 
0.0 0.3 
1.2 5.9 

5H 
Liver Plasma 

3.4 8.6 
1.1 1.5 
0.1 0.5 
0.2 0.4 
4.8 U.O 

5U 
Liver P lasma 

6.6 15.1 
0.6 0.7 
0.1 0.1 
0.0 0.5 
7.3 16.4 

30H 
Liver P lasma 

3.5 7.2 
1.0 1.0 
0.3 0.2 
0.1 0.5 
4.9 8.9 

30U 
Liver Plasma* 

24.9 51.2 
1.0 4.7 
0.3 3.2 
0.1 0.5 

26.3 60.6 

•Extremely small quantity of es te r available for analysis ; while the relative concentrations 
of the fatty acids a re rel iable, their absolute values a r e only approximate. 



addition of choles terol ; that this was a pass ive p rocess re la ted to the con­
centrat ion of these acids in the diet, is borne out by the plotof e s t e r linoleic 
acid v e r s u s die tary linoleic acid (Figure 63). The upper line r ep re sen t s the 
data obtained in ea r l i e r exper iments with unsupplemented diets , the lower 
l ine, the p resen t data. With the exception of the 30H values which a r e def­
initely abe r r an t in this re la t ionship, the composition of the e s t e r appears to 
follow the same relat ionship to the diet as was previously descr ibed. How­
ever , the in tercept is lower, indicating that a g rea t e r dilution of the die tary 
component has taken place . 

The plasmia e s t e r s , however, a r e 
markedly changed, both in t e r m s of total 
unsa tura ted fatty acid content, and in 
t e r m s of the relat ive proport ions of each 
acid. The total unsa tura ted fatty acid 
content of the e s t e r s dropped in all c a ses ; 
for the 30H diet it was l / lO that previously 
found on the corresponding diet without 
choles terol . In fact, a l l plasima values, 
except those for the 30U diet, dropped 
after the addition of choles terol to lower 
values than that of the fat-free unsupple­
mented diet. 

~ 1 LO 1 2.01 I fil 
FF 5H 5U 30H SOU 

Log mg LINOLEIC A O I D / 1 O 9 OlET 

E v e n m o r e s t r i k i n g w a s the a l t e r e d 
d i s t r i b u t i o n of fa t ty a c i d s in the p l a s m a 
e s t e r s r e s u l t i n g f r o m the add i t ion of c h o ­
l e s t e r o l . The change i s c h a r a c t e r i z e d by 
a n a l m o s t c o m p l e t e a b s e n c e of t e t r a e n o i c 
a c i d a c o m p o n e n t which a c c o u n t e d for 
30-40/o of the t o t a l u n s a t u r a t e d a c i d s in 
p l a s m a e s t e r s of a n i m a l s on 30H a n d 3 0 U 
d i e t s , wi thout c h o l e s t e r o l . Thus the a n i ­
m a l not only s e e m s to be u n a b l e to s p a r e 
u n s a t u r a t e d fa t ty a c i d s for p l a s m a c h o l e s ­
t e r o l e s t e r i f i c a t i o n , but t h o s e which h e 
u s e s a r e the l e s s u n s a t u r a t e d m e m b e r s . 
T h i s could , in p a r t , be e x p l a i n e d by the 

fol lowing o b s e r v a t i o n s : F i r s t , the add i t ion of c h o l e s t e r o l to the d ie t r e ­
s u l t s in a l m o s t c o m p l e t e a b o l i s h m e n t of a c e t a t e i n c o r p o r a t i o n into c h o l e s ­
t e r o l . Second , the t r a n s f o r m a t i o n of l i n o l e i c a c i d in to t e t r a e n o i c ( a r a c h -
idon ic ) a c i d o c c u r s by m e a n s of t h r e e o r m o r e s t e p s , two of which invo lve 
d e h y d r o g e n a t i o n and the t h i r d the add i t ion of a t w o - c a r b o n f r a g m e n t to the 
cha in . Whi le the p r e c i s e s e q u e n c e of t h e s e s t e p s h a s no t b e e n e s t a b l i s h e d , 

Figure 63 

Liver ester linoleic acid concen­
tration versus dietary linoleic acid 
concentration. Open circles, 
cholesterol-free diet; solid circles, 
0. 5<yo cholesterol added. 



evidence points to the addition of ace ta te as the f i r s t s tep . Thus it is con­
ceivable that the block in ace ta te incorporat ion into choles tero l may extend 
to the chain-lengthening p r o c e s s e s r equ i red for the synthesis of te t raenoic 
acid. 

The p lasma and l iver compar tments of choles tero l r e p r e s e n t two 
sepa ra t e , though re la ted , metabolic functions. A cer ta in level of choles tero l 
mus t be maintained in solution in p lasma , albei t this solution is media ted by 
a protein moiety. The sys tem has at i ts disposal the abil i ty to lengthen, 
shorten, sa tu ra te or desa tura te the fatty acid chain and to add or subt rac t a 
d ie tary component which it cannot synthes ize , such as the polyunsaturated 
fatty ac ids . Within these va r iab les , the sys tem must be poised at the opt i ­
mum combination in composit ion. In the l iver compar tment , however , t he re 
is one additional facility - that of s to rage , though this., in itself can r e a c h l i m -
its which a r e harmful . Clear ly , in the choles tero l feeding situation, the a n i ­
mal has difficulty in s temming the influx of choles tero l from the diet and 
s to r e s a t remendous quantity in the l ive r as the e s t e r . The accumulat ion of 
this e s t e r draws heavily on the capabili ty of the an imal to synthesize fatty 
ac ids a n d / o r modify d ie tary fat. This in turn r e su l t s in the modification of 
the p lasma choles te ro l e s t e r s . It i s in te res t ing that only at the lowest d ie ­
t a ry fat level did this added choles tero l burden resu l t in an i n c r e a s e in the 
p lasma level of choles te ro l . 
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HEXURONIC DEHYDROGENASE OF AGROBACTERIUM TUMEFACIENS 

J a m e s E. Zajic 

A number of publications have appeared recent ly on the metabo­
l i s m of glucuronic, galacturonic and mannuronic ac ids . ' 1"" ) A hexuronic 
reduc tase has been desc r ibed in Erwinia carotovora,!^) which ca ta lyzes 
the convers ion of glucuronic and galacturonic acids to the i r co r r e spond­
ing hexonic ac ids , i .e . , L-gulonic and L-galac tonic ac ids . Storey and 
Dutton(7) have isolated and identified ur idine diphosphoglucuronic acid 
(UDPGa). This coenzyme-subs t r a t e complex was functional in e s t e r 
glucuronide synthes i s . l ° '9 ) UDPGa is formed through the action of a spe ­
cific dehydrogenase for ur idine diphosphoglucose.(10"12) xhe l a t t e r r e a c ­
tion is the only known biosynthetic pathway for the synthesis of a 
hexuronic acid. 

The following invest igat ions pe r ta in to a new enzymatic sys t em 
for the oxidation of the hexuronic ac ids . This new sys t em has been ten­
tat ively named hexuronic dehydrogenase . 

Methods 

The cul tures used in these s tudies were obtained from the follow­
ing sou rce s : Agrobac te r ium tunaefaciens. Univers i ty of Wisconsin; 
Erwinia ca ro tovora . Univers i ty of California (Davis) and A m e r i c a n Type 
Culture Collection; Aerobac te r ae rogenes and E s c h e r i c h i a coli , A m e r i c a n 
Type Culture Collection. Cells were grown on a ro t a ry type shaker in 
2 - l i t e r flasks containing 2.0% glucuronic acid.(13) Adequate growth was 
obtained in 24 hr . Cells were ha rves t ed by centrifugation and washed in 
0.02 M Tr is (hydroxymethyl ) -aminomethane (pH 8.0). Sonic ex t rac t s were 
p r e p a r e d by diluting packed cel ls 1 to 3 with T r i s buffer and subjecting to 
sonic d is in tegra t ion for 20 min in a 10-Kc Raytheon. Cell debr is was r e ­
moved by centrifugation at 6000 g_for 10 min. Sonic ex t rac t s were then 
dialyzed for 24 hr in 0.02 M. Tris~(pH 8.0). Following d ia lys i s , the cyto­
c h r o m e s , diphosphopyridine nucleotide oxidase, and other high molecu la r 
weight pro te ins were removed by ul t racentr i fugat ion in the Spinco c e n t r i ­
fuge at 144,000 _g_for 2 h r . The supernatant fromi these p repa ra t ions was 
used in all ana lyses . The Beckman D, U. Spect rophotometer was used to 
e s t ima te the r a t e of reduct ion of diphosphopyridine nucleotide (DPN) and 
t r iphosphopyridine nucleotide (TPN). 



R e s u l t s 

H e x u r o n i c d e h y d r o g e n a s e w a s f i r s t o b s e r v e d in A. t u i n e f a c i e n s d u r ­
ing a r o u t i n e s u r v e y of s e v e r a l u r o n i c - a c i d - u t i l i z i n g o r g a n i s m s for the 
newly r e p o r t e d h e x u r o n i c r e d u c t a s e . ( 2 ) C u l t u r e s of E . c a r o t o v o r a a E . c o l i , 
A. a e r o g e n e s and R. s to lon i f e r p o s s e s s e d no h e x u r o n i c d e h y d r o g e n a s e a c ­
t iv i ty . P r e l i m i n a r y ev idence s u g g e s t i n g the p r e s e n c e of a h e x u r o n i c d e ­
h y d r o g e n a s e in A . t u m e f a c i e n s was o b t a i n e d du r ing m e a s u r e m e n t s of the 
s t r o n g D P N H - o x i d a s e s y s t e m of t h i s o r g a n i s m . The r a t e of ox ida t ion of 
r e d u c e d D P N by D P N H - o x i d a s e could be d e c r e a s e d m a r k e d l y upon add i t ion 
of any of the h e x u r o n i c a c i d s . Th i s inh ib i t ion s u g g e s t e d the p r e s e n c e of a 
D P N - l i n k e d h e x u r o n i c d e h y d r o g e n a s e . To i n v e s t i g a t e t h i s f u r t h e r , 90'7o o r 
m o r e of t h e D P N H - o x i d a s e s y s t e m w a s r e m o v e d by u l t r a c e n t r i f u g a t i o n in 
the Spinco a t 144,000 g for 2 h r . H e x u r o n i c d e h y d r o g e n a s e a c t i v i t y w a s 
then d e t e r m i n e d s p e c t r o p h o t o m e t r i c a l l y by fol lowing the r e d u c t i o n of D P N 
upon add i t ion of e i t h e r g l u c u r o n i c , g a l a c t u r o n i c , o r m a n n u r o n i c a c i d s , o r 
g l u c u r o n i c ac id l a c t o n e and m a n n u r o n i c a c i d - ' y - l a c t o n e . The r a t e s of r e ­
duc t ion of D P N wi th t h e s e s u b s t r a t e s a r e shown in F i g . 64. 

Figure 64 

The rate of reduction of DPN by the hexuronic dehydrogenase of 
Â. tumefaciens upon addition of the various hexuronic acids or 
their lactones. Reaction vessels contained: 4 ft moles substrate, 
4/imoles MgCl2, 0. 4/x mole DPN, 50 fimoles Tris(pH 8. 0)and 
0,1 ml enzyme preparation. 

2 4 6 8 10 
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Glucuronic acid was oxidized at a g rea te r ra te than were galactu­
ronic and mannuronic acids . The corresponding lactones of glucuronic 
and mannuronic acids were not oxidized as rapidly as the parent hexuronic 
acid. There was no observable lag in the reduction of DPN with any of 
the hexuronic acids or their lactones . 

TPN did not act as an electron acceptor for this dehydrogenase. 
No hexuronic reductase activity was observed, nor did the hexonic acids 
formed by the action of hexuronic reductase on the hexuronic acids act as 
subs t ra tes . To determine the specificity of this enzyme and the possible 
relat ion to other dehydrogenases , a var ie ty of carbohydrates was substi tuted 
for the hexuronic acids without success . These included the parent a ldoses , 
D-glucose, D-galactose and D-mannose; the polyhydroxy alcohols, sorbi tol . 

GLUCURONIC ACID 

GLUCURONOLACTONE 

GALACTURONIC ACID 
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ENDOGEMOUS 
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dulcitol and mannitol ; and possible f ive-carbon decarboxylation products 
such as D-a rab inose , D-lyxose and D-xylose. A definite but weak DPN-
linked dehydrogenase for L -a rab inose was p resen t and may prove to be 
significant in the subsequent metabol is in of glucuronic acid. DPN was 
not reduced when ei ther UDP-glucose , menthol glucuronic acid or mucic 
acid were added as subs t r a t e s . 

Discuss ion 

The occur rence of seve ra l enzymatic react ions involving the hex­
uronic acids have been el iminated, e.g. the hexuronic reduc tase repor ted by 
S t a r r et al.,(2) and the ur idine-diphosphoglucose dehydrogenase repor ted 
by St rominger et a l . ( l 1) Decarboxylat ion of the hexuronic acids p r io r to 
dehydrogenation does not appear l ikely in A. tumefaciens . The inactivity 
of the enzyme on addition of severa l polyhydroxyalcohols would appear to 
el iminate any re la t ion to the dehydrogenases specific for these 
compounds. (^ ̂ » 15) 

The inability of the pa ren t a ldoses to subst i tute for glucuronic, 
galacturonic and mannuronic acids shows the high specificity of the en­
zyme for the carboxylic acid moiety. This specificity mus t extend beyond 
the carboxylic acid moiety , o therwise one would expect a reac t ion with the 
corresponding monocarboxylic hexonic acids and suchdicarboxyl ic acids 
as mucic acid; this was not observed . Evidently the specificity includes the 
aldehyde port ion of the hexuronic acids because when the aldehyde group is 
covered as in mentholglucuronic acid, no dehydrogenation o c c u r s . 

The activity of this enzyme on the l e s s common aronic acids was 
not invest igated. The lactones of glucuronic acid and mannuronic acids 
could be subst i tuted for the non- lac tonized acid. The d e c r e a s e d reduct ion 
of DPN with the lactonized forms may indicate delactonization p r i o r to 
dehydrogenation. 

The 6-carbon in te rmed ia tes formed by hexuronic dehydrogenase 
liax^e not been identified. Application of paper chromatography to this 
p rob lem has not proven successful . Two types of convers ion have been 
considered; the oxidation of the aldehyde group to yield a dicarboxylic 
acid and the formation of ketohexuronic ac ids . The fo rmer reac t ions 
would r e su l t in the format ion of g lucosacchar ic , ga lac tosacchar ic (naucic) 
and mannosacchar ic ac ids , and would r e p r e s e n t the f i r s t appearance of 
these carbohydra tes in enzymology-
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BONE TUMOR INTEGRATED DEATH RATES 

H a r r y Auerbach 

The death r a t e s available f rom Vital Sta t is t ics Offices a r e general ly 
the crude death ra te and the age and sex specific death r a t e s . A specific 
d i sease crude death r a t e such as the male bone tumor death r a t e for the 
United Sta tes , 1950, would be r eco rded as 1.73 per 100,000 population. This 
is der ived by dividing the total number of male bone tumor deaths in 1950 
(1295) by the m i d - y e a r es t imate of total male population (74,855,000), and 
means that for every 100,000 ma le s alive during the yea r an average of 
1.73 bone tumor deaths occur red . Age specific death r a t e s a r e based on 
the number of deaths that occur m a specific age group of the population. 
In 1950 the U.S. ma le bone tumor death r a t e for age 35-44 was 0.77 per 
100,000 and for age 65-74 was 8.19 per 100,000. The crude death r a t e is 
based on all deaths in the total population and because the age specific 
death r a t e s i n c r e a s e with age, the crude death r a t e can i n c r e a s e , without 
any change in the age specific death r a t e s , by an i nc r ea se in the propor t ion 
of older people in the population. This may be falsely in t e rp re ted as a r ea l 
i n c r e a s e in the incidence of bone t u m o r s . 

In studying bone tumor deaths among populations working with or 
subjected to environments of rad ium or Sr , a decis ion as to an i n c r e a s e 
in the number mus t be based on the number of tumor deaths normal ly ex­
pected in an unexposed population. The computation of this number is 
based on use of life tables for the population and on age specific bone tumor 
death r a t e s for the population. Table 44 shows the calculat ion of bone tumor 
deaths to be expected in following 100,000 females f rom age 15 to the death 
of the en t i re group. This shows that of 100,000 f i f teen-year-old females , a 
total of 117 would eventually die of bone t u m o r s This can also be used to 
show that if 100,000 f i f teen-year-old females a r e followed for th i r ty y e a r s 
to age 45, 5160 would die of all causes and 15 would die of bone t u m o r s . 

Table 45 shows the total deaths and bone tumor deaths to be expected 
in populations of 100,000 ma le s and females obse rved for 30 y e a r s . 

The implicat ion of these in tegra ted death r a t e s is that un less l a rge 
populations a r e observed for bone t u m o r s , manyfold i n c r e a s e s in bone 
tumor death r a t e s due to environmental or other fac tors may go undetected. 
By const ruct ing s e r i e s of these in tegrated bone tumor death r a t e s , it can be 
es t imated that of the 170,000,000 people now alive in the United States ap­
proximate ly 200,000 will die of bone t u m o r s . S imi la r in tegra ted death r a t e s 
can be der ived for any cause of death or different populations. 



TABLE 44 

Bone tumor deaths in female populations* 

Age group 

15-24 
25-34 
35-44 
45-54 
55-64 
65-74 
75-84 
85+ 

Popula t ion 
at s t a r t 

of pe r iod 

100,000 
99,120 
97,683 
94,840 
88,846 
76,843 
54,028 
21,428 

Man y e a r s 
at r i s k 

in p e r i o d 

996,000 
984,262 
964,131 
921,845 
833,375 
666,229 
377,656 
104,997 

Death r a t e 
pe r 100,000 
m a n y e a r s 

0.62 
0.32 
0.59 
1.35 
3.00 
4.58 
6.34 
9.79 

Bone t u m o r 
deaths in 

p e r i o d 

6.18 
3.15 
5.69 

12.44 
25.00 
30.51 
23.94 
10.28 

Cumula t ive 
bone t u m o r 

dea ths 

6.18 
9.33 

15.02 
27.46 
52.46 
82.97 

106.91 
117.19 

•Based on U.S. life tables 1949-1951 and U.S. 1949-1951 Female Bone 
Tumor Death Rates. 

TABLE 45 

Total deaths and bone tumor deaths in populations 
of 100,000 followed for 30 years* 

Age at 
beginning of 

obse rva t i on pe r iod 

15 
25 
35 
45 
55 

Males 

Total 
dea ths 

7,921 
16,011 
32,907 
58,146 
85,084 

Bone t u m o r 
dea ths 

21 
27 
55 
96 

127 

F e m a l e s 

Total 
dea ths 

5,160 
10,365 
21,334 
43,032 
75,882 

Bone t u m o r 
deaths 

15 
21 
44 
72 
89 

•Based on U.S. 1949-1951 life tables and U.S. 1949-1951 
Bone Tumor Death Rates. 



GEOGRAPHIC STUDIES IN BONE TUMORS 

II. Geographic Incidence of Bone Tumors in Illinois 

Ha r ry Auerbach 

A p re l imina ry reportx^) indicated that , based on dea th-cer t i f ica te 
data for the per iod 1949-1951, seve ra l a r e a s in Illinois showed significant 
(P equal to or l e s s than 5%) i n c r e a s e s in bone tumor death r a t e s . This 
r epo r t is based on dea th-cer t i f ica te data for the per iod 1940-1950 and 
r e p r e s e n t s 2294 bone tumor deaths in 88,000,000 man ye a r s of exper ience . 
These data include deaths a sc r ibed to so -ca l l ed p r i i na ry t u m o r s of the jaw 
bone, as well as t umors of all other bones of the skeleton. 

The deaths within the per iod were tabulated by sex for each county 
and all c i t ies of 10,000 population or m o r e . Average death r a t e s for the 
per iod were calculated, and a r e a s showing an i nc r ea se over the average 
Illinois r a t e were t es ted for significance by the Po i s son t e s t . Counties 
having c i t ies of 10,000 or m o r e population were t es ted with and without 
the c i t ies to de te rmine whether the i n c r e a s e was due to an i n c r e a s e in the 
total county death r a t e or to an i nc r ea se in the city death r a t e . 

Table 46 l i s t s the a r e a s (county, city, or county l e s s city) showing 
such significant (P equal to 5% or l ess ) i n c r e a s e s for e i ther jaw bone or 
all other bones . It would appear that the major i ty of significant i n c r e a s e s 
in jaw bone t u m o r s occur in ma le s whereas the major i ty of all other bone 
tumor i n c r e a s e s occur in females . (Studies now in p r o g r e s s indicate that 
in all probabi l i ty the deaths a sc r ibed to jaw bone t u m o r s on death ce r t i f i ­
ca tes a r e not osteogenic s a r c o m a s but ca rc inomas of the buccal cavity; 
hence they should not p rope r ly be l is ted as bone tumors . ) 

Examinat ions of the water supplies of these a r e a s for na tu ra l Ra^^ 
content a r e being made by the Radiological Phys ics Division, and, when 
these a r e completed, the possibi l i ty of a co r r e l a t i on between i n c r e a s e d 
rad ium concentra t ion in the water supply and i n c r e a s e s in bone t u m o r s 
will be studied. Occupational exposures to rad ium and other carc inogenic 
agents a r e a lso being studied as poss ib le c a u s e s . 
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TABLE 46 

Areas showing significant inc reases in bone tumor 
death r a t e s , Illinois (1940-1950). Death r a t e s per 

100,000 population. 

" J a w b o n e " tumors 

Male 

Illinois 
Clay 
J e r s e y 
McLean 
Bloomington 
Menard 
Cass 
Richland 
Pope 

city 

St. Clair l e ss 
E. St. Louis city 
Springfield city 
Joliet city 

(1.37)* 
(4.29) 
(5.32) 
(4.64) 
(5.19) 
(5.80) 
(4.89) 
(5.73) 

(11.54) 

(3.25) 
(3.09) 
(3.14) 

Fema le 

Illinois 
Effingham 
Fayet te 
Kankakee less 
Kankakee city 

(0.31) 
(1.82) 
(2.16) 

(1.33) 

All other bone tumors 

Illinois 
Henry less 
Kewanee city 
Menard 
Piat t 
Sterling city 

(1.91) 

(5.49) 
(7.74) 
(5.40) 

(11.06) 

Illinois 
Clinton 
Elgin city 
Livingston 
Macon less 
Decatur city 
E. Moline city 
Piat t 
Canton city 

(1.62) 
(4.30) 
(5.01) 
(3.45) 

(3.97) 
(5.60) 
(5.40) 
(6.48) 

*The numbers in paren theses r ep re sen t the death 
r a t e s . The Illinois figures r ep re sen t the state 
averages . Each a r ea named is a county unless 
identified as city. 
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MORTALITY EXPERIENCE AT ARGONNE NATIONAL LABORATORY 

I. Cha rac t e r i s t i c s of the Argonne National Labora to ry Population 

Asher J. Finkel and H a r r y Auerbach 

This study is based on the actual work exper ience of 4,820 pe r sons 
who were employed at Argonne National Labora to ry for all or pa r t of the 
per iod January 1951 through December 1955. The total t ime worked by al l 
employees during this per iod was 161,182 months or 13,432 m a n - y e a r s . 
The months worked by each employee, in each yea r , by age group and sex, 
were tabulated and data were used to p r e p a r e Table 47, which p re sen t s the 
age and sex distr ibution of the m a n - y e a r s worked at Argonne National Labo­
r a to ry during the per iod 1951-1955. 

TABLE 47 

S t ruc ture of ANL population by age and sex 1951-1955* 

Age group 

< 20 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
75-79 
80+ 

Total 

Male 

Total 
m a n - y e a r s 

42.2 
594.7 

2090.2 
2650.1 
2080.6 
1140.9 

808.3 
558.3 
345.2 
285.7 

91.3 
29.0 

7.3 
4 .1 

10727.9 

% of 
total 

0.39 
5.54 

19.48 
24.70 
19.39 
10.64 

7.53 
5.20 
3.22 
2.66 
0.85 
0.27 
0.07 
0.04 

100.0 

Female 

Total 
m a n - y e a r s 

100.4 
682.5 
577.7 
363.3 
281.8 
236.3 
174.5 
163.3 

91.0 
24.3 

8.8 
_ 
_ 
-

2703.9 

% of 
total 

3.71 
25.24 
21.36 
13.44 
10.42 

8.74 
6.45 
6.04 
3.37 
0.90 
0.32 
-
_ 
-

100.0 

• B a s e d on actual number of months worked at ANL 
in each age group in each year of the 5-year per iod . 



During this per iod, ma les accounted for 79.9% of the total m a n - y e a r s 
worked, and females accounted for 20.1% of the total . In 1953, i t should be 
noted, compulsory r e t i r emen t at age 65 was es tabl ished and this change af­
fected the age s t ruc tu re sl ightly. Among m a l e s , the 15-year age span from 
25 through 39 yea r s accounted for 63.6% of m a n - y e a r s worked and among fe­
males a s imi l a r 15-year age span from 20 through 34 ye a r s accounted for 
60.0% of m a n - y e a r s worked. 

Table 48 gives the mean and median ages , by sex and year , of the 
Argonne National Labora to ry population. F o r compara t ive pu rposes , f igures 
for theU. S. employed population for 1953 a r e a lso given. It can be seen that 
a t Argonne the ave rage age for ma les i nc r ea sed 1.8 y e a r s in the 4 - y e a r p e r ­
iod after 1951 and the female average age i nc r ea sed 1.7 y e a r s in the s ame 
per iod. In a s ta t ic work population the ave rage age should i n c r e a s e by one 
year for each year the population works . In a r ep lacement population where 
new young employees enter the work population at approximate ly the s ame 
ra te that the older ca tegor ies a r e r e t i r e d , the average age would r ema in un­
changed. In the United States work population the ave rage age i n c r e a s e d by 
0.45 yea r s for ma les and 1,36 y e a r s for females in the per iod 1951-1955. It 
can, there fore , be concluded that the work force at Argonne National L a b o r a ­
tory r e p r e s e n t s a population somewhere between the s ta t ic and rep lacement 
type s, 

TABLE 48 

Mean and median age of ANL population by sex and yea r 

ANL 

U. S. 
employed 
population 

Year 

1951 
1952 
1953 
1954 
1955 

1951-55 

1951 
1953 
1955 

Male 

Mean 

36.21 
36.95 
37.35 
37.62 
38.03 

37.18 

41.09 
41.56 
41,54 

Median 

33.63 
34.38 
35.14 
35.88 
36,43 

34.97 

40.27 

F e 

Mean 

32.50 
32.86 
33.19 
33.78 
34.24 

33.20 

38.06 
38.74 
39.42 

male 

Median 

29.24 
29.85 
29.87 
30.84 
31.14 

29.92 

37.32 

Deaths among Argonne National Labora to ry employees for the per iod 
1951-1955 a r e being tabulated and analyzed as to age , sex , and cause . The 
deaths in these var ious ca tegor ies will be compared with e s t ima tes of the 
expected deaths under the prevai l ing death r a t e s in surrounding communi t ies 
and s imi l a r indus t r ia l populat ions. 
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AN ANALYSIS OF INBREEDING IN THE EUROPEAN BISON 

Herman M. Slatis 

In connection with the study of inbreeding in man, ' ! ) a survey was 
made of the possibi l i ty of obtaining information about inbreeding in other 
l a rge m a m m a l s . It was hoped that inbreeding could be studied through the 
use of zoo r eco rds of m a m m a l s from wide-ranging, numerous spec ies , such 
as giraffes or z e b r a s , but inquiry indicated that such r eco rds a r e not ava i l ­
able , except in a very smiall number of c a s e s . However, the exis tence of 
excellent data on the European bison was pointed out. 

At the census of Jan . 1, 1953, the re were 181 living European bison, 
and individual r eco rds exist for an additional 379 spec imens , which includes 
a lmos t al l of the animals kept in captivity within the preceding 60 y e a r s . All 
of the animals a r e at leas t the th i rd generat ion in captivity and a few can be 
t r aced in some l ines through 10 genera t ions . The living bison t r ace back to 
a se t of 17 a n c e s t o r s , of which only one was born in captivity. 

The coefficient of inbreeding, F , has been calculated for a l l of the 
animals on the assumption that the 17 original an imals were unre la ted to 
each o ther . Mortal i ty is quite s imi l a r at all levels of inbreeding, with l i t t le 
or no indication of ear ly death being co r re l a t ed with inbreeding; F is not a 
sa t is factory index for this study. An a l te rna t ive index has been developed, 
— ' the likelihood of death if a given ances tor pos se s sed a r eces s ive lethal 
gene heterozygously. Application of index i i to the progeny of one of the 
mos t productive bulls (chosen because he was the only animal whose a n c e s ­
to rs had never been semi domest icated) indicates a s t rong cor re la t ion between 
e a r l y mor ta l i ty and &S,, but this cor re la t ion is ve ry dependent upon the smal l 
group of animals with a high value of i i . 
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