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PROGRESS R E P O R T : DISEASES O F L A B O R A T O R Y ANIMALS 

N o t o e d r e s m u r i s Infect ion of R a t s 

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

N o t o e d r e s m u r i s c a u s e s a s c a b i e s - l i k e m a n g e of r a t s c h a r a c t e r i z e d 
by the o c c u r r e n c e of r e d p a p u l e s and th ick , h o r n y c r u s t s on the h a i r l e s s o r 
s p a r s e l y h a i r e d p a r t s of the body. The e a r s , n o s e , and t a i l a r e the s i t e s 
u s u a l l y affected; h o w e v e r , in e x t r e r n e c a s e s , the feet and e x t e r n a l gen i t a l i a 
m a y b e c o m e i n v o l v e d . ( U 

The o p p o r t u n i t y to o b s e r v e t h i s infec t ion f i r s t - h a n d a-id to t e s t the 
e f f ec t i venes s of the a c a r i c i d a l t r e a t m e n t p r e v i o u s l y deve loped for the con ­
t r o l of e c t o p a r a s i t e s of m i c e ' ^ ' o c c u r r e d when five c o i n m e r c i a l l y - b r e d 
l a b o r a t o r y r a t s wi th " t u m o r s on t h e i r e a r s " w e r e f o r w a r d e d to the a u t h o r 
for d i a g n o s i s . 

D e s c r i p t i o n 

The e a r s of al l five r a t s a p p e a r e d m a c r o s c o p i c a l l y to be c o v e r e d 
with " p a p i l l o m a s " o r " t u m o r s " ( F i g u r e l A ) . The l e s i o n s of the n o s e 
a p p e a r e d a s w a r t - l i k e , h o r n y p r o j e c t i o n s ; t h o s e of the t a i l , a s r e d v e s i c l e s 
or p a p u l e s . T h r o u g h a d i s s e c t i n g m i c r o s c o p e , the t u m o r - l i k e l e s i o n s of 
the e a r s a p p e a r e d a s y e l l o w i s h , k e r a t i n o u s c r u s t s . B r e e d i n g t u n n e l s , 
con ta in ing c o u n t l e s s s p e c i m e n s of N o t o e d r e s m u r i s ( F i g u r e IB) in a l l 
s t a g e s of d e v e l o p m e n t , w e r e found u n d e r t h e s e c r u s t s . 

T r e a t m e n t 

Two of the r a t s w e r e given t h r e e week ly t r e a t m e n t s u s i n g a Z% 
a q u e o u s s u s p e n s i o n of a w e t t a b l e powder con ta in ing 15% A r a m i t e 
[ 2 - ( p - t e r t - b u t y l p h e n o x y ) i s o p r o p y l - 2 - c h l o r o e t h y l su l f i t e ] . Two r a t s w e r e 
not t r e a t e d . 

R e s u l t s 

By the 30th day a f t e r the in i t i a t ion of t r e a t m e n t , the two t r e a t e d 
r a t s w e r e c o m p l e t e l y f ree of l e s i o n s , and no m i t e s w e r e d e m o n s t r a b l e 
( F i g u r e I C ) . The two u n t r e a t e d r a t s r e m a i n e d unchanged . 
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Figure 1 

A. ear mange of rat, untreated; B, etiological agent Notoedres muris (female); C, same rat as in A, 
•30 days after treatment. 

References 

1. LaPage , Geoffrey. Veter inary Paras i to logy. Springfield, Illinois: 
Char les C. Thomas, 19567ppTTOS-708. 

2. Flynn, R. J. Control of ec toparas i tes in mice . P roc . Animal Care 
Panel _6 75-91 (1955). 



P R O G R E S S R E P O R T : DISEASES O F L A B O R A T O R Y ANIMALS 

F a i l u r e of S t y l o m y c i n to E l i m i n a t e S y p h a c i a o b v e l a t a Infec t ion 

R o b e r t J. F l y n n and L e R o y O. B ibbs 

A m o u s e b r e e d i n g co lony , m a i n t a i n e d a t t h i s L a b o r a t o r y and 
i n i t i a t e d by f o s t e r n u r s i n g c a e s a r i a n - b o r n C F No. 1* m i c e on C F N * r a t s , 
w a s found to be in fec t ed wi th S y p h a c i a o b v e l a t a . It h a s b e e n r e p o r t e d ( l ) 
tha t the add i t ion of S t y l o m y c i n * * to the d r i n k i n g w a t e r in s i n g l e d o s e s of 
0.62 m g or h i g h e r p e r m o u s e w a s m o r e t h a n 99-5% ef fec t ive in r e m o v i n g 
t h e s e p i n w o r m s . T h e r a p y wi th S t y l o m y c i n w a s t h e r e f o r e a t t e m p t e d . 

M e t h o d s 

The e n t i r e co lony w a s t r e a t e d : t h i r t y b r e e d i n g g r o u p s e a c h c o n ­
s i s t i n g of 12 adu l t f e m a l e s , 2 adu l t m a l e s , and v a r y i n g n u m b e r s of s u c k l i n g 
m i c e . T h r e e days a w e e k , for four w e e k s , e a c h g r o u p w a s g iven a s i t s 
so le d r i n k i n g f luid, 250 m l of w a t e r c o n t a i n i n g 31.25 m g S t y l o m y c i n 
(equ iva len t to 17.9 m l of w a t e r and 2.23 m g of S t y l o m y c i n p e r adu l t m o u s e ) . 
To i n c r e a s e p a l a t i b i l i t y , 5 m l of Coke * s y r u p w a s added p e r 100 m l of 
m e d i c a t e d so lu t ion . 

E a c h b r e e d i n g g r o u p w a s h o u s e d s e p a r a t e l y in a " s h o e - b o x " t ype 
cage c o n s i s t i n g of a s t a i n l e s s s t e e l t op wi th b u i l t - i n f e e d e r and b o t t l e 
h o l d e r , and a p l a s t i c bot tom,! '^ / A u t o c l a v e d whi te p ine s h a v i n g s w e r e 
u s e d a s b e d d i n g and Wayne L a b - B l o x a s the d ie t . 

At l e a s t once a w e e k , a l l c a g e b o t t o m s and t o p s , w a t e r b o t t l e s , 
n i p p l e s , and s t o p p e r s w e r e w a s h e d wi th hot d e t e r g e n t s o l u t i o n and r i n s e d 
wi th 180 -210°F c l e a r w a t e r . 

P r e v i o u s l y s t e r i l i z e d c a g e s v/ith w i r e - m e s h f l o o r s and s t a i n l e s s 
s t e e l p a n s w e r e u s e d to c o l l e c t f eca l s a m p l e s for e x a m i n a t i o n . The m i c e , 
by b r e e d i n g g r o u p s , w e r e h o u s e d in t h e s e c a g e s for 24 h o u r s ; the c o m p o s i t e 
f eca l s a m p l e s r e c o v e r e d w e r e e x a m i n e d by the f lo ta t ion m e t h o d . \ ' 

* C a r w o r t h F a r m s , New Ci ty , New Y o r k . 

• * P u r o m y c i n H C l , 6 - d i m e t h y l a m i n o - 9 - ( 3 ' - p - m e t h o x y - L -
p h e n y l a l a n y l a m i n o - 3 ' - d e o x y - D - r i b o x y l ) - p u r i n . A m e r i c a n C y a n a m i d 
Co . 

r C o c a - C o l a C o m p a n y 



Resul ts and Discussion 

Stylomycin failed to el iminate the infection. Before t r ea tment , 
70% of the breeding groups were positive for _S_. obvelata; four weeks after 
the las t t r ea tment , 63% were posi t ive. 

The possibi l i ty that the uns te r i l i zed , unpas teur ized commerc ia l 
feed naight have been responsible for the failure was ruled out when it was 
observed that an adjacent mouse colony, after being fed the identical food 
for over 6 months , remained completely negative for _S_. obvelata. 

Since the life cycle of this pa ras i t e is 12-15 days,!"*/ the p rocedures 
followed should have e l iminated the infection completely. E i ther the drug 
used is not as effective as the e a r l i e r work indicated, or some unknown 
"break" in technique occur red . The l a t t e r possibi l i ty is being investigated 
fur ther . 
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RED-FAR RED INTERACTION IN OXIDATIVE PHOSPHORYLATION 

S. A. Gordon and K. Sur rey fuJ • ' _ ,'* ' ' 
A -

Radiation in a broad region about 1-jU wavelength (near infrared) 
will i nc rease the number of chromosomal abe r ra t ions induced by X - r a y s . 
This phenomenon has been shown to occur in the an imal ! 1/ and in the 
plant.l^) It has a lso been used to enhance the effect of X- rays on tumor 
regress ion . (3) Subsequently, Withrow and Moh(4) demonst ra ted that far -
red radiat ion between 700 to 800 mjLt. and not the infrared, was the active 
spec t ra l region. Moreover^ the potentiation of X-ray- induced ch romo­
somal abe r ra t ions by f a r - r e d light could be nullified by concomitant or 
subsequent i r rad ia t ion with red light. (5) This r e v e r s a l suggests that the 
photoreceptor of the visible radiat ion is analogous, if not identical, to 
that functioning in plant photomorphogenesis . 16) 

Recent studies of Wolff and Luippoldi7.8s9) indicate that the r e ­
combination following X-ray- induced chromosomal breaks is dependent 
upon oxidative metabol i sm. The energy requ i rement for recombinat ion 
can be supplied through, and probably normal ly comes from, the genera ­
tion of adenosinetr iphosphate ( A T P ) , Rejoining is impeded by pos t -
i r rad ia t ion anoxia, low t empera tu re , and me ta l poisons - known r e s p i r a t o r y 
dep res san t s . It is a lso impai red by the r e s p i r a t o r y uncoupler, dinitrophenol. 
Supplying A T P inc rea se s the frequency of res t i tut ion. 

The above two groups of work in conjunction suggest that the bio­
chemical bas is of the f a r - r e d potentiation of chromosomal breaks is the 
impai rment of A T P generat ion. This hypothesis has been examined ex­
per imenta l ly with both plant and animal t i s sues . 

Exper imenta l 

Avena seedlings were grown in the dark for 1-̂  days. They were 
then i r r ad ia t ed for 3 hr under the biological spec t rograph! 10) at the 650-
and 725-m/i loci . Incident energies were adjusted to give a flux at the 
r ed and f a r - r e d posit ions of about 20 e r g s / m m / s e c After 20 hr the 
shoots were cut at the scutel lae . The mi tochondr ia l fraction was isolated 
and assayed for ATP-producing capacity. Table 1 indicates that the far -
red significantly reduced, and the red significantly enhanced, the phos-
phorylative capacity of the mitochondria . 

The possibi l i ty was cons idered that the differences shown in 
Table 1 were caused by differences in mi tochondr ia l concentration, m a s s , 
or volume induced by previous i r rad ia t ion of the plant. This seems un­
likely: no significant co r re l a t ed differences were observed in the N 



precipi table by t r i ch loroace t ic acid, in the mi tochondr ia l packed volume 
(hematocr i t capi l la ry method), or in the mitochondria l number (counts 
of evaporated aliquots with the e lectron microscope) of the mitochondria l 
suspensions . 

TABLE 1 

Phosphorylat ion r a t e s of mitochondria 
isolated from oat seedlings previously 

i r r ad ia t ed by r ed or f a r - r e d light. 

Red 

Dark 

F a r - r e d 

h±0^ (30°C)* 

n = 6 

1.03 ± 0.01 

0.87 ± 0.01 

0.71__± 0.02 

*b r e p r e s e n t s the average jU moles 
phosphate e s t e r i f i edper ml enzyme 
per minute , as minimized by leas t 
squa re s , for the l inear period of 
activity. 

No significant difference in phosphorylat ive capacity was found 
after d i rec t ly i r rad ia t ing isolated Avena mitochondria with the red or 
f a r - r e d light. Though this suggests that the mi tochondr ia l r e sponse in 
the plant could be indirect , a d i rec t radiat ion effect on mitochondria of 
the ra t l iver was observed. Table 2 indicates that f a r - r e d light causes 
a significant d e c r e a s e in the r a t e of ATP generat ion, compared to the 
red, when l ive r -mi tochondr ia a r e added to a phosphorylation medium 
and then i r rad ia ted . In the exper iment r ep re sen t ed at the left of 
Table 2, es ter i f icat ion took place at 22°C. At the r ight is shown the 
turnover when the mi tochondr ia l suspension and mediuna was ma in ­
tained at S^C during i r rad ia t ion . 

Mitochondrial suspensions alone were then i r r ad ia t ed at 3°C. 
Per iodica l ly , aliquots were removed for a s s a y of activi ty at 30°C. 
These ac t iv i t ies , exp res sed as success ive r a t e constants , a r e given 
in F igure 2. The change in r a t e constant as a function of t ime in the 
dark and under r ed or f a r - r e d light is given in F igure 3 as a semilog 
plot. These curves indicate that the z e r o - o r d e r phosphorylation r a t e s 
decay exponentially in the dark. The decay constant is i nc reased by a 
factor of about 1— under f a r - r e d and dec reased by a factor of about 
1 

J under r ed i r rad ia t ion . 



T A B L E 2 

P h o s p h o r y l a t i o n r a t e s of r a t l i v e r m i t o c h o n d r i a at 
22° and 3° C whi le u n d e r con t inuous i r r a d i a t i o n by 

r e d and f a r - r e d l igh t . 

Red 
Dark 
F a r - r e d 

22° C 
b ± 0^* 

(n -- 6) 

0.60 + 0.003 
0.57 t 0.03 
0.45 + 0.01 

3° C 

(n = 12) 

0.029 + 0.002 
0.013 + 0.001 
0.018 + 0.003 

*b r e p r e s e n t s t h e a v e r a g e [J. m o l e s p h o s p h a t e 
e s t e r i f i e d p e r m l e n z y m e p e r m i n u t e , a s 
m i n i m i z e d b y l e a s t s q u a r e s , f o r t h e l i n e a r 
p e r i o d of a c t i v i t y . 

The effect of pre-irradiation with red and far-red light on the phosphorylative activity of rat-
liver mitochondria. The mitochondria were kept at 3*̂  C during the irradiation periods, 
whose duration is indicated under "Hrs," 
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Figure 3 

The effect of red and far-red light on the 
decay of mitochondrial phosphorylative 
capacity. 

1 2 3 4 
HOURS IRRADIATION AT 3°C 

The effect of f a r - r e d radiation apparently can be nullified by the 
red in an al ternating sequence. A mitochondrial suspension was placed 
under f a r - r e d for slightly l e s s than 1 hour and then aliquots were taken 
for assay. A portion of the suspension was then moved to the red locus 
of the spect rograph, allowed to remain for ca. an hour, and aliquots were 
again taken for assay . A portion was then re turned to the f a r - r e d locus. 
The r e su l t s , shown in F igure 4, indicate that at leas t two successive r e ­
ve r sa l s with red and f a r - r e d a r e possible . 

Figure 4 

Phosphorylative capacity of rat-liver 
mitochondria at 30° C as affected by 
alternating pre-irradiation with far-
red and red light. 
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D i s c u s s i o n 

It m a y be conc luded t h a t A T P g e n e r a t e d by m i t o c h o n d r i a l p h o s p h o r ­
y l a t i on i s s i gn i f i can t ly a f fec ted by r e d and f a r - r e d r a d i a t i o n . R e d and f a r -
r e d a c t i o n h a s b e e n d e m o n s t r a t e d chief ly at the m o r p h o l o g i c a l and c y t o l o g i c a l 
l e v e l s by p r e v i o u s w o r k . The p r e s e n t e x p e r i m e n t s h a v e shown i t s func t ion 
a t the b i o c h e m i c a l l e v e l . As f a r a s we a r e a w a r e , t h i s i s the f i r s t d e m o n ­
s t r a t i o n of a r e d - f a r r e d r e a c t i o n and i t s r e v e r s i b i l i t y for a n i m a l t i s s u e s . 

If c h r o m a t i d r e c o n s t i t u t i o n r e q u i r e s A T P , the i m p a i r m e n t of A T P 
g e n e r a t i o n a p p e a r s to be a d e m o n s t r a t a b l e and a d e q u a t e b i o c h e m i c a l b a s i s 
for the f a r - r e d p o t e n t i a t i o n of X - r a y - i n d u c e d c h r o m a t i d a b e r r a t i o n s . 

T h e s e e x p e r i m e n t s i n d i c a t e tha t t he p r i m a r y l o c u s of a c t i o n of the 
r e d s p e c t r u m on the c h r o m o s o m e m i g h t be a c y t o p l a s m i c o r g a n e l l e o t h e r 
than the n u c l e u s . Not p r e c l u d e d , h o w e v e r , is an a n a l o g o u s p h e n o m e n o n 
in the n u c l e u s . 

F i n a l l y , t h i s w o r k s u g g e s t s the p o s s i b i l i t y tha t the r a t e of ox ida t ive 
p h o s p h o r y l a t i o n m a y p lay the d e t e r m i n a t i v e r o l e in t h e m o r p h o g e n i c 
r e s p o n s e s to the r e d end of the v i s i b l e s p e c t r u m . 
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IN VIVO MEASUREMENT OF Sr '° IN DOGS 

Phil ip F . Gustafson and Pa t r i c i a J . Bergs t rand 

In November 1955 a group of 14 dogs that had been injected 1 to 
9 | yea r s previously with Sr '° was m e a s u r e d by b re rass t rah lung counting 
with an Nal scint i l lat ion counter .̂ -'-̂  The purpose of the study was to i nves ­
tigate the possibi l i ty of using this method of in vivo counting of S r ' to deter^ 
mine the body burden of this radioe lement . The success and further 
application of the technique is i l lus t ra ted by r epor t s of s imi la r p rocedures 
used e l sewhere for Sr '° de terminat ion . ! ' ^ Of the 14 dogs original ly m e a s ­
ured , 5 a r e sti l l alive and have been counted again within the past few 
months . 

The counting of these and the other dogs repor ted he re was done in 
the s teel room of the Biology Division using a 5 x 4 in, Nal c rys t a l as the 
photon de tec tor . A Incite jS-ray abso rbe r , j in. thick, surrounded the c r y s ­
ta l . The dogs were placed in a standing position in a plast ic sling, which 
held them comfortably without permi t t ing much movement . The dis tance 
from the center of the c rys t a l to the backbone of the dog was maintained at 
50 cm. Data were collected on an Argonne Type 256-channel ana lyzer , the 
spec t ra l region extending from 20 to 200 kev. 

The amounts of Sr '° p resen t in the exper imenta l dogs were obtained 
by compar i s ion with two dogs counted short ly after they had been injected 
with known amounts of S r ' ° . The use of two "s tandard dogs" of different 
weights (4.6 kg and 12.6 kg) made it possible to find the var ia t ion of counting 
ra te per jUc of Sr '° body burden as a function of body size and /o r body weight. 
A third dog weighing 1 to 2 kg will a l so be injected so that the cal ibrat ion 
may be extended to sma l l e r dogs. The background counting ra te over the 
spec t r a l range of in te res t was of the o rder of 540 cpmi one jXc of Sr '^-Y'^ 
gave 100 and l60 cpm in vivo in the 12.6- and 4.6-kg an imals , respec t ive ly . 

New m e a s u r e m e n t s of 4 of the dogs extend retent ion values for S r ' 
to 11 to 122-years after injection. In addition, the one surviving high-level 
dog counted in 1955 was a lso recounted. Table 3 indicates the cu r r en t r e ­
tention values along with those found in 1955. The re tent ions to be expected 
from the 1955 data according to the power function descr ibed by Stover 
£t_al.l*/ (R^ = 0.7 t~ • ) a r e a l so shown for compar i son . The data ag ree 
fair ly well with this form of the power function. 

In 1956 the Pathology Group undertook a study of S r ' in ve ry young 
beag les . Three pregnant dogs were injected froin 1 to 8 days before pa r tu ­
rit ion, and the young received no further Sr '° except for that der ived from 
suckling. The initial injected dose and the retent ion values for the th ree 
dams a r e indicated in Table 4. Retention in each dog in the th ree l i t t e r s 



TABLE J 

Dog 

Q A U 5 

QA147 

QA181 

QA182 

QA184 

c 

Injected 
d o s e , 

nic 

1.010* 

1.070* 

0.086 

0.094 

2.25 

r '" body b 

Age a t 
in jec t ion 

t) m o 

Adult 

S mo 

^ mo 

b >r 

u r d e n s a s i 

Re t en t ion 
1955, lie 

Z4.9 

'•i.'i 

Z0.7 

14.4 

Zbfa.8 

ii»^;' bured by 

T i m e s ince 
mji-ction, 

ye<-i r p 

9.5 

«l.S 

8.5 

8.5 

1.0 

b r e m b s l r a h l u n g method 

Re ten t ion 
195b, uc 

24.0 

8.4 

19.5 

14.9 

183.5 

T i m e s ince 
in jec t ion , 
y e a r s 

12 

12.5 

11 

11 

3.5 

Reten t ion 1958 
ca l cu l a t ed by 

Rt=0.7t- ' ' -2, lie 

11.Z 

8 .6 

18.4 

12.8 

194.2 

^Unknown fraction of Sr ' present m injection solution. 

D o g 

PW81 

PW82 

PW83 

Reten t ion 

Age a t 
in jec t ion . 

> t a r 

4 

4 

4 

T A B L E 

of Sr^» in t 

Injected 
d o s e , 

u c 

98 

9S 

0 04 

4 

e m a l e beagi 

T i m e a l t e r 
inject ion, 

y e a r 

1 | 

1 | 

i \ 

e s 

Reten t ion 

^^c 

6.7 

5 .3 

3D.4 

% 

6.8 

5.6 

4.0 

at the end of 2 yea r s amounts to 1 to Z% of the dose given to the mother 
(Table 5). Expressed in these t e r m s , retention appears to be low, but it 
should be pointed out that the initial dose present in the newborn pups, as 
measu red with a somewhat different counting procedure , indicates that 
retention two yea r s after injection is of the order of 90%. Thus it is that 
amount of Sr '° c ross ing the placental b a r r i e r is smal l , but the retention is 
high. 

An at tempt was made to incorporate levels of 150 fxc/kg and 
15 /ic/kg of Sr '° , which a r e comparable to that adminis te red to QA184 and 
its l i t ter mates and to QA181 and i ts l i t ter ma te s , respect ively (see 
Table 3). This was done by the systemat ic injection (1 injection each work­
ing day) of each animal of subsequent l i t t e r s from each of the 3 females . 
The t e r m of injection was not complete at the t ime of measuremen t in all 
cases , but the total amounts injected and the amounts retained a r e tabulated 
in Table 6. 



T A B L E 5 

.90 Sr^ body b u r d e n in b e a g l e s in j ec ted p r e n a t a l l y 

D o g 

T i m e a f t e r 
in jec t ion , 

y e a r 

Re t en t i on , 
/ ic 

Body 
b u r d e n , * 

% 

L i t t e r P W S l - L j * * 

P W 8 1 - L 1 - 2 

P W 8 1 - L 1 - 3 

P W 8 1 - L 1 - 4 

P W 8 1 - L i - 5 

2 

2 

2 

2 

1.6 

1.5 

1.5 

1.8 

1.6 

1.5 

1.5 

1.8 

P W 8 2 - L 1 - I 

P W 8 2 - L 1 - 2 

P W 8 2 - L 1 - 3 

P W 8 2 - L 1 - 5 

L i t t e r PW82-

1 | 

Ik 
n 
ll 

-Li** 

2 .2 

2 .2 

1.8 

2 .0 

2 . 3 

2 . 3 

1.9 

2 . 1 

L i t t e r P W 8 3 - L i * * 

P W 8 3 - L 1 - 1 

P W 8 3 - L i ~ 3 

P W 8 3 - L 1 - 4 

P W 8 3 - L i - 5 

P W 8 3 - L 1 - 6 

P W 8 3 - L i " 7 

P W 8 3 - L i - 9 

2 

2 

2 

2 

2 

2 

2 

11.2 

16.6 

13.7 

7 . 3 

10.5 

13,3 

11.5 

1.2 

1.8 

1.5 

0 . 8 

1.2 

1.5 

1.3 

^ E x p r e s s e d a s p e r c e n t of d o s e a d m i n i s t e r e d to d a m . 
* * L i t t e r P W 8 I - L 1 : 98 y,c S r ' ° was in j ec ted into the 

d a m 6 days be fo re p a r t u r i t i o n ; l i t t e r P W 8 2 - L i : 
95 /ic w a s in j ec ted into the d a m 1 day b e f o r e p a r ­
t u r i t i o n ; l i t t e r P W 8 3 - L | : 904 jUc w a s in j ec ted into 
the d a m 8 days b e f o r e p a r t u r i t i o n . 



TABLE 6 

Summary of periodically injected beagles 

Dog 
Injected 

dose, 
c 

Retention, 
fie 

Retention, 
% injected 

dose 

PW81-L2-6 

PW81-L2-7 

PW81-L2-9 

PW81-L2-10 

PW81-L2-11 

Li t ter PW8I-L2* 

1310 

II 

If 

II 

II 

452.6 

491.1 

552.0 

513.7 

492.5 

34.5 

37.5 

42.1 

39.2 

37.6 

Li t ter PW82-L3* 

PW82-L3-15 

PW82-L3-16 

PW82-L3-17 

PW82-L3-18 

PW82-L3-2O 

126.4 

II 

II 

11 

II 

62.6 

58.0 

51.5 

59.1 

65.3 

49.5 

45.9 

40.7 

46.7 

51.7 

Li t ter PW83-L2* 

PW83-L2-12 

PW83-L2-13 

PW83-L2-14 

PW83-L2-15 

PW83-L2-16 

PW83-L2-17 

522 139.4 

158.0 

174.0 

156.5 

194.9 

164.7 

26.7 

30.3 

33.3 

30.0 

37.3 

31.5 

•L i t t e r PW8I-L2 was born July 16,1957, and has had 
226 injections of 5.8 fic/injection, to date . Lit ter 
PW82-L3 was born November 28, 1957, and has had 
218 injections of 0.58 /ic/injection, to date . Lit ter 
PW83-L2 was born July 20, 1957, and has had 90 in­
jections of 5.8 juc/injection. The las t injection was 
made November 27, 1957; the injections were then 
stopped because of multiple f rac tures among the 
animals in this l i t t e r . 



It i s a p p a r e n t l y t r u e tha t r e t e n t i o n i s a funct ion of age and m o v e s in 
the d i r e c t i o n of h i g h e r r e t e n t i o n in y o u n g e r a n i m a l s . T h i s i s , in fac t , i l l u s ­
t r a t e d in the c a s e of the pups b o r n s h o r t l y a f t e r i n j ec t i on of the d a m , w h e r e 
the r e t e n t i o n d o e s not follow R^ = O.V t " " ' ' , but c o r r e s p o n d s to a c a s e w h e r e 
the coef f ic ien t i s l a r g e r and the exponen t e i t h e r the s a m e or s o m e w h a t 
s m a l l e r . It i s p r o p o s e d to i n v e s t i g a t e m o r e t h o r o u g h l y the n a t u r e of r e t e n ­
t ion in v e r y young dogs and to a t t e m p t to bu i ld a m o d e l to fit the r e t e n t i o n 
p a t t e r n exh ib i t ed in the s e q u e n t i a l i n j ec t ion c a s e s . It i s a l s o c o n t e m p l a t e d 
tha t a l l t h e s e dogs wi l l be counted p e r i o d i c a l l y . 
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CONSEQUENCES OF THE CONTINUOUS INGESTION OF Sr^" BY MICE 

I. Experimental Design and Results up to 200 Days 

Mir iam P. Finkel, Pa t r i c i a J . Bergs t rand , and Birute O. Biskis 

Human contamination with Sr '° occurs p r imar i l y through the 
ingestion of foods containing Sr . Although animal exper iments involving 
the injection of solutions of radio s t ront ium provide important information 
bear ing on the hazards of S r ' contamination, they differ from continuous 
ingestion in two important r e s p e c t s . F i r s t , the distr ibution of the isotope 
in the skeleton is ve ry uneven if the total amount is given in a single injec­
tion, and it becomes more uniform as the number of fractionated injections 
i n c r e a s e s . The g rea tes t uniformity would be expected to follow a continuous 
feeding reg imen. Second, Sr is usually injected in equil ibrium with its Y " ' 
daughter, which follows the distr ibution pat tern of y t t r ium and contributes 
significantly to the over -a l l i r radia t ion in the ear ly period after admin i s ­
t ra t ion. On the other hand, the absorpt ion of ingested y t t r ium is negligible, 
so when it en te rs the body with food, it i r r ad i a t e s the intestinal t r a c t p r i ­
mar i l y . For these r ea sons , and because it is desi rable to study the effects 
of continuous internal i r rad ia t ion in very young an imals , the following 
exper iment was undertaken. 

Mater ia l s and Methods 

Food prepara t ion . Sr'^ at the six levels l i s ted in Table 7 is incorpo­
ra ted in mil led mouse food before pelleting. The highest level is equivalent 

T A B L E 7 

Reproduc t ive h i s t o r y 

Leve l 

1 
2 
3 
4 
5 
6 
7 

Mc Sr9» 

g Ca 

10.0 
5.0 
2.5 
1.0 
0.1 
0.01 
0 

No. of 
f e m a l e s 

230 
236 
285 
293 
332 
317 
319 

L i t t e r p roduc t ion 

% 

17.8 
8.9 

16.2 
6.8 

12.1 
12.0 
12.5 

%/d ' -day* 

4.5 
8.1 
6.8 

12.1 
12.0 
12.5 

nonviable 

2.4 
4.8 
4.4 

10.0 
5.0 

13.1 
7.5 

To ta l No. of young 
Tota l No. of l i t t e r s 

Al ive a t 
b i r t h 

8.1 
7.9 
8.3 
7.6 
8.4 
7.7 
8.8 

F e m a l e s a l ive 
at 35 days 

2.3 
2.5 
2.8 
2.5 
2.3 
1.9 
2.6 

The m a l e s r e m a i n e d in the b r e e d i n g c a g e s for 3 days in Leve l 1, 2 days 
in L e v e l s 2 and 3 , and 1 day in L e v e l s 4, 5, 6, and 7. 



to 10,000,000 Strontium Units (S.U),or 1 0,000 t imes the occupational Maxi­
mum P e r m i s s i b l e Concentrat ion ( M . P . C ), and the lowest is 10,000 S.U., or 
10 t imes the occupational M.P.C The p resen t p rocedure involves mixing 
the ground meal with gelatin to facili tate shaping and hardening, sodium 
propionate to prevent the growth of mold, a pure food dye to provide color 
identification, water to give the des i r ed consis tency, and Sr'^. The wet m a s h 
is pushed through a conver ted mea t g r inder , which extrudes the food through 
five tubes . Pe l l e t - s i z e pieces a r e cut and then dried at 60 to 70°C for 48 hr . 
Control ra t ions a r e p r epa red in s imi la r fashion The evenness of mixing of 
the Sr has been tes ted by ashing and counting the dis integrat ions from a 
number of pel lets from severa l batches The coefficient of var ia t ion was 
2.4%. It is ant icipated that a l abora to ry pelleting machine will soon replace 
this r a the r labor ious food manufacturing p r o c e s s . 

Animal production and maintenance Adult CF No. 1 female mice 
were housed 10 per s ta in less steel cage and given control food uncontaminated 
with Sr . One male mouse was introduced into each cage and was pe rmi t t ed 
to r ema in the re for 24 hr Nineteen days l a t e r the pregnant females were 
isolated in confinement cages (s ta inless steel boxes containing s t e r i l e wood 
shavings), and the remaining mice , plus additions from stock to r e t u r n the 
number to 1 0 per cage, were provided with Level 6 food (see Table 7). Two 
days l a t e r the male mice were r e tu rned to the breeding cages , and they were 
removed 24 h r . l a t e r . The naales rece ived food containing Sr only during 
thei r s tay in the breeding cages 

Nineteen days after this second breeding per iod the pregnant females 
were isolated in confinement cages , where they continued to rece ive Level 6 
food. The remaining mice , plus some additions from stock, were changed to 
Level 5 food, and two days l a te r the ma les were re in t roduced to the cages . 
This routine was repeated , at increas ing levels of Sr , until the s e r i e s of 
dose levels was complete 

The male mice and those females that had not produced l i t t e r s were 
d iscarded . Mice with nonviable l i t t e r s were maintained as pos t -breed ing 
females at the Sr level they had reached when their l i t t e r s were conceived. 
Mice with viable l i t t e r s were added to this group when thei r young were 
35 days old, or e a r l i e r if their l i t t e r s were gone before that t ime . 

The newborn mice were weighed as a group, and some ma les were 
se lec ted for S r ' and Ca ana lyses At 7-day in te rva ls the bedding ma te r i a l 
was replaced , the young were again weighed, and additional raales were 
taken for ana lys i s . At 35 days the young mice were e a r - m a r k e d , weighed 
individually, sexed, housed in s ta in less steel cages , and were provided with 
food at the appropr ia te Sr level The male mice remaining after 35 days 
have been removed per iodical ly for analys is and autoradiographic s tud ies . 
Males a r e being used exclusively for this purpose because they a r e notorious 
fighters and, consequently, u se l e s s in l o n g - t e r m toxicity expe r imen t s . 



The exper imenta l rout ines and maintenance p rocedures for the pos t -
breeding and Sr - r e a r e d feinales a r e the same as those employed in our 
previous studies of the effects of internal emi t t e r s in mice . The animals 
a r e observed daily and weighed and exainined individually at 1-month i n t e r ­
va l s . Moribund animals a r e killed with sodium pentobarbital after a pe r iph ­
e ra l blood sample has been taken, and autopsy is followed by skeletal 
roentgenography. Cer ta in t i s sues a r e always taken for histological study, 
and o thers a r e taken as indicated. 

Resul ts 

Considerat ions of space and inan-power made it imposs ib le to b reed 
all of the groups at the same t i m e . The p rocedure used was selected as the 
one that would make the best use of the available adult females while sti l l 
producing all the young in a given group at the same t i ine . The major disad­
vantage of the method is that compar i sons of reproduct ive capaci ty among 
groups a r e not ent i re ly val id. One reason is that at each success ive breeding 
a l a rge pa r t of the poptiLation consis ted of an imals that had not b red when 
previously exposed. However, since the "average" mouse will mate only 
one day out of five, and since 21 days e lapsed between breeding t r i a l s , it 
would be expected that an imals in. e s t r u s at any per iod would not have been 
recept ive at a previous breeding per iod. Another r eason for caution in 
comparing the groups for reproduct ive capaci ty is that Level 1 mice were 
b red four months after the control , or Level 7, m i c e . Not only is four 
months a significant port ion of the reproduct ive life of a mouse , but seasonal 
var ia t ion in breeding has often been noted in this spec ie s . In addition, m a n i ­
festat ions of d i sease within a colony often fluctuate in sever i ty from month 
to month. 

The data in Table 7 should be exanained with the above r e se rva t ions 
in mind. The var ia t ions in the percentage of females producing l i t t e r s and 
the percen tage of l i t t e r s with no live young a r e probably due to an endemic 
intest inal infection, which became apparent when the f i rs t l i t t e r s were born . 
A few lacta t ing mice became ill and failed to ca re for the i r young. A short 
t ime l a t e r some cages of breeding females developed the typical symptoms, 
p r i m a r i l y pal lor , l e thargy , and d i a r r h e a . These an imals did not become 
pregnant . The l i t t e r s that were produced were l a r g e , on the average , and 
their s ize did not s e e m to be influenced by the level of Sr '° in the diet or by 
the age of the p a r e n t s . The number of females r e a r e d to 35 days of age also 
did not va ry substant ia l ly ainong the g roups . However, the average number 
of females pe r l i t t e r reaching 35 days of age was only 2.4, whereas 8.1 young, 
or a calculated 4 females , were born. This loss of an average of 1.6 females 
per l i t t e r was due p r i m a r i l y to the infection mentioned above. 

The numbers of pos t -breed ing females and Sr ' " - r e a r e d females that 
compr i se the l o n g - t e r m toxicity study a r e l i s t ed in Table 8. Most of the 



TABLE 8 

Mortality and re t icular tumors at 200 days 

Leve l 

1 
2 

3 
4 
5 
6 
7 

Mc Sr9° 

g Ca 

10.0 
5 .0 
2 .5 
1.0 
0.1 
0.01 
0 

P o s t 

N u m b e r 

39 
21 
4 6 
20 
38 
31 
31 

- b r e e d i n g f e m a l e s 

M o r t a l i t y , 
% 

15.4 
4 . 8 
4 . 4 

15.0 
5 .3 
3 .2 
3 . 2 

R e t i c u l a r 
t u m o r s , 

% 

0 
0 
0 
5 .0 
0 
0 
0 

S r ' " - r e a r e d f e m a l e s 

N u m b e r 

94 
5 3 

128 
4 8 
92 
70 

105 

M o r t a l i t y , 
% 

14.9 
2 . 7 
9 .4 
2.1 
4 . 4 
4 . 3 

2 .9 

R e t i c u l a r 
t u m o r s , 

% 

1.0 
0 
0 .8 
2.1 
2 .2 
1.4 
1.0 

d e a t h s tha t o c c u r r e d a m o n g the d a m s d u r i n g t h e f i r s t 200 days could be 
a t t r i b u t e d to the i n t e s t i n a l in fec t ion . At a u t o p s y the d i s t e n d e d c a e c u m w a s 
found to con ta in y e l l o w i s h fluid, and the v e r y p a l e , t h i c k - w a l l e d co lon 
t y p i c a l l y c o n t a i n e d only m u c u s . The l i v e r s w e r e e s s e n t i a l l y n o r m a l . One 
p o s t - b r e e d i n g m o u s e had a tuixior of the b l o o d - f o r m i n g t i s s u e s . No o the r 
n e o p l a s m s w e r e found. 

Mos t of the d e a t h s b e t w e e n 35 and 200 days of age a m o n g the 
Sr*"^- reared f e m a l e s w e r e a s s o c i a t e d wi th the s a m e g a s t r o i n t e s t i n a l 
s y m p t o m s . T u m o r s of the re t icu] .ar t i s s u e s a p p e a r e d m o r e f r e q u e n t l y 
than a m o n g the d a m s du r ing t h i s i n t e r v a l , but no o the r n e o p l a s m s w e r e 
s e e n . No s k e l e t a l a b n o r m a l i t i e s have been d e t e c t e d to d a t e , but t h e r e i s 
an i m p r e s s i o n tha t the L e v e l 1 m i c e ixiay be s o m e w h a t s m a l l e r t han the 
o t h e r s . H o w e v e r , no bone m e a s u r e m e n t s have been m a d e a s ye t , and the 
weigh t da ta have not been e x a m i n e d . Ano the r i i n p o r t a n t p h a s e of the 
e x p e r i m e n t , wh ich wil l be r e p o r t e d when the r e s u l t s a r e a v a i l a b l e , c o n c e r n s 
the a n a l y t i c a l and a u t o r a d i o g r a p h i c s tudy of the m a l e s . 
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TRITIUM L A B E L I N G O F ORGANIC COMPOUNDS 
O F BIOLOGICAL I N T E R E S T 

C. F . D e c k e r , W i l l i a m P . N o r r i s , and Wal t e r E . K i s i e l e s k i 

L a b e l i n g of o r g a n i c c o m p o u n d s by the s e l f - i r r a d i a t i o n m e t h o d d e ­
s c r i b e d by Wi lzbach et al.^-*' i s be ing i n v e s t i g a t e d . One of t h e s e , 1 - p r o l i n e , 
h a s b e e n l a b e l e d . When 1-hydroxy p r o l i n e w a s s u b j e c t e d to the s a m e c o n ­
d i t ions of i r r a d i a t i o n i t w a s found not to be l a b e l e d . 

E x p e r i m e n t a l and R e s u l t s 

One g r a m of comiTierc ia l 1 -pro l ine o r 1 -hyd roxypro l ine w a s e x p o s e d 
to a p p r o x i m a t e l y 3 c of g a s e o u s t r i t i u m for 3 d a y s . I m m e d i a t e l y a f t e r 
i r r a d i a t i o n , the c o m p o u n d s w e r e e x a m i n e d by p a p e r c h r o m a t o g r a p h y on 
W h a t m a n No. 1 f i l t e r p a p e r . Two d i f fe ren t so lven t s y s t e m s w e r e e m p l o y e d -
b u t a n o l r w a t e r : ace t ic a c i d and 77% e t h a n o l . N i n h y d r i n - p o s i t i v e spo t s w e r e 
iden t i f ied u s ing a mod i f i ed reagent .^^^ C h r o m a t o g r a p h y of the i r r a d i a t e d 
1 -p ro l ine in e i t h e r so lven t s y s t e m y i e lded only one n i n h y d r i n - p o s i t i v e 
spot which had r a d i o a c t i v i t y a s s o c i a t e d wi th i t . H o w e v e r , wi th 1 -hydroxy­
p r o l i n e , no r a d i o a c t i v i t y w a s found a s s o c i a t e d wi th the n i n h y d r i n - p o s i t i v e 
a r e a . T h e s e spo t s w e r e iden t i f i ed a s 1 -p ro l ine o r 1-OH p r o l i n e by c o -
c h r o m a t o g r a p h y of an au then t i c s a m p l e of e i t h e r i m i n o a c i d . The s t r i p 
con ta in ing the 1 -p ro l ine showed a s econd fa int ye l low spot (unident i f ied) 
wh ich w a s not l a b e l e d . C o n s i d e r a b l e r a d i o a c t i v i t y w a s a l s o found to be 
a s s o c i a t e d wi th the o r i g i n and so lven t f ron t . 

The t r i t i a t e d p r o l i n e s w e r e pu r i f i ed e i t h e r by p a p e r c h r o m a t o g r a p h y 
fol lowed by e lu t ion wi th w a t e r or on a Dowex 5 0 (hydrogen f o r m ) c o l u m n 
us ing 1 N HCl a s t h e e lu t ing a g e n t . The r e s u l t i n g p r e p a r a t i o n s in e i t h e r 
c a s e w e r e e x a m i n e d by p a p e r c h r o m a t o g r a p h y and found to be p u r e . With 
1 -pro l ine t h e r e w a s no r a d i o a c t i v i t y e i t h e r at the o r i g i n o r a t the so lven t 
f ron t . 

The r e s u l t s a r e shown in F i g u r e 5. The p r e s e n c e of c o n s i d e r a b l e 
q u a n t i t i e s of r a d i o a c t i v e i m p u r i t i e s in A can be s e e n f r o m the t r a i l i n g of 
the p h o t o g r a p h i c d a r k e n i n g f r o m the o r i g i n to the so lven t f ron t . A s ing le 
spot which c o r r e s p o n d s to 1 -p ro l ine i s a p p a r e n t in B . 

R a d i o c h e m i c a l a s s a y of the t r i t i a t e d 1 -p ro l ine i n d i c a t e d tha t the 
spec i f i c a c t i v i t y of the c r u d e m a t e r i a l w a s a p p r o x i m a t e l y 4 0 ^ c / m g . The 
spec i f i c a c t i v i t y of the pu r i f i ed m a t e r i a l w a s 1 .5 to 2 / i c / m g . 
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B 

Figure 5. Radioautograph made from paper chromatograms containing A, 1-proliiie immediately after 
tritiation, and B, the same material after purification on Dowex 50. 
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D E L A Y E D E F F E C T S O F X-IRRADIATION IN CHICKENS 

S. P h y l l i s S t e a m e r and E m i l y J . C h r i s t i a n 

Acu te r a d i a t i o n m o r t a l i t y in young c h i c k s can be modi f i ed by v a r i ­
ous p r o p h y l a c t i c t e c h n i q u e s , s o m e of wh ich have a l s o been t e s t e d and 
p r o v e d effect ive in m a m m a l s . We have r e p o r t e d the e f f ec t i venes s of 
p a r t i a l body sh i e ld ing , low oxygen c o n c e n t r a t i o n , and e p i n e p h r i n e in r e d u c ­
ing in i t i a l m o r t a l i t y (O to 2 days ) a s wel l a s d e a t h s o c c u r r i n g a f t e r 2 days 
p o s t i r r a d i a t i o n in c h i c k s .'^ >'-) Dur ing the f i r s t half of 1953 v a r i o u s c o m ­
b ina t i ons of t h e s e t r e a t m e n t s w e r e t e s t e d for p r o t e c t i v e a c t i o n . M o r t a l i t y 
in the a c u t e p e r i o d was follo^A^ed and , in add i t ion , s o m e of the 3 0 - d a y 
s u r v i v o r s w e r e kep t for o b s e r v a t i o n of d e l a y e d c h a n g e s . At th i s t i m e 
about o n e - t h i r d of the o r i g i n a l g r o u p of 3 0 - d a y s u r v i v o r s i s s t i l l a l i v e . 
T h i s d i s c u s s i o n i s , t h e r e f o r e , a p r e l i m i n a r y s u m m a r y of o b s e r v a t i o n s o v e r 
a p e r i o d of 2000 days a f t e r i r r a d i a t i o n . 

Male whi te l e g h o r n c h i c k s , at 3 to 4 days af ter h a t c h i n g , w e r e 
e x p o s e d to X - r a y s a t a dose of 1200 r , d e l i v e r e d in 35 m i n . I r r a d i a t i o n 

(} 2) cond i t ions and p r o t e c t i v e p r o c e d u r e s have b e e n p r e v i o u s l y d e s c r i b e d . ^ ' ' 
T h r e e t y p e s of p r o t e c t i v e t r e a t m e n t s w e r e u s e d . P a r t i a l body sh i e ld ing 
involving about 10% of the body p r o t e c t e d the v e n t r a l a b d o m i n a l r e g i o n 
( p r i m a r i l y l i v e r ) o r the d o r s a l l u m b a r r e g i o n inc lud ing k i d n e y s , a d r e n a l s 
and p a r t of the s p i n e . An a t m o s p h e r e of 7.5% oxygen w a s u s e d to p r o d u c e 
hypoxia d u r i n g i r r a d i a t i o n . P r o t e c t i o n w a s a l s o p r o v i d e d by a d i n i n i s t r a t i o n 
of e p i n e p h r i n e in peanu t oil i m m e d i a t e l y b e f o r e and a f te r e x p o s u r e . T h e s e 
t r e a t m e n t s w e r e u s e d s ing ly and in c o m b i n a t i o n to p r o d u c e the b e s t p o s s i b l e 
r a d i a t i o n p r o t e c t i o n in the acu t e (30-day) p e r i o d . 

M o r t a l i t y in the in i t i a l (O to 2 days ) and the l a t e r (3 to 30 days ) 
a cu t e p e r i o d s in the p r o t e c t e d i r r a d i a t e d g r o u p s i s shown in T a b l e 9-
M o r t a l i t y du r ing t h e s e p e r i o d s a f t e r s ing le t o t a l - b o d y X - r a y e x p o s u r e s 
d e l i v e r e d in 35 m i n ( F i g u r e 6) i n d i c a t e s t ha t l e s s t han 1% s u r v i v a l i s to 
be e x p e c t e d a t 30 days a f t e r 1200 r g iven in 35 m i n . T h u s , s ign i f i can t 
s u r v i v a l a t t h i s dose l e v e l in i r r a d i a t e d p r o t e c t e d g r o u p s m a y then be 
c o n s i d e r e d to i n d i c a t e a s ign i f i can t d e g r e e of p r o t e c t i o n . Combina t i on of 
the t h r e e p r o c e d u r e s p r o v i d e d g r e a t e s t p r o t e c t i o n , but in no g roup w a s 
the effect ive dose r e d u c e d by a s i nuch a s 5 0%. 

At 30 d a y s , b i r d s to be o b s e r v e d for de l ayed effects w e r e n u m b e r e d 
and we ighed . Since tha t t i m e , the a n i m a l s have b e e n c a g e d ind iv idua l ly and 
m a i n t a i n e d u n d e r cond i t ions s t a n d a r d for the a n i m a l q u a r t e r s . Weights 
w e r e t aken a p p r o x i m a t e l y m o n t h l y and g e n e r a l condi t ion no t ed a t i n t e r v a l s . 
D e c e d e n t s w e r e a u t o p s i e d , g r o s s c h a n g e s r e c o r d e d and , in m o s t c a s e s , 
t i s s u e s t a k e n for h i s t o p a t h o l o g i c e x a m i n a t i o n . 



TABLE ^ 

Effects of p ro tec t ive techniques on acute mor t a l i t y after 
1200 r X- i r r ad i a t ion (35 r / m i n ) 

Shielding 

None 

Kidney 
region 

Abdoinen 

Additional 
pro tec t ive 
t r e a t m e n t * 

None 
7.5% O2 
Epinephrine 
7.5% O2, epinephrine 

None 
7.5% O2 
Epinephrine 
7.5% O2,epinephrine 

None 
7.5%. O2 
Epinephrine 
7.5% O2, epinephrine 

Number 

67 
47 
42 
45 

4 2 
38 
46 
39 

32 
32 
31 
31 

J 

Mortal i ty , % 
0-2 days 

94.0 
74.5 
59.5 
53.3 

69.0 
31.6 
19.6 
15.4 

78.1 
56.3 
51.6 
25.8 

3-30 days** 

100.0 
75.00 
58.8 
42.9 

53.8 
46.2 
40.5 
27.3 

100.0 
50.0 
86.7 
69.6 

Survival 
at 31 days 

% 

0 
6.4 

16.7 
26.7 

14.3 
36.8 
47.8 
61.5 

0 
21.9 

6.5 
22.6 

• o . 32, 7.5% during i r r ad i a t i on ; ep inephr ine , 5 ing/kg in peanut oil 
i n t r a m u s c u l a r l y iminedia te ly before and after i r r ad i a t i on . 

** Based on number surviving at ? days . 
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Figure 6. Dose mortality curves following X-irradiation of 3-day chicks. 
A. Initial (0-2 day) mortality; B. Later (3-30 day) mortality. 



Based on t ime distr ibution of deaths and associa ted pathology, th ree 
chronic per iods a r e indicated at this t ime in this group of b i r d s : 3 to 11 
months (no deaths between 30 and 85 days), 1.0 to 4.5 y e a r s , and more than 
4.5 y e a r s . Mortali ty in these periods and surv ivors at 2000 days a r e shown 
in Table 10. Deaths experienced during the f i rs t year a r e of special in te res t 
Most b i rds that died between 3 and 11 months showed severe ly atrophied 
l ive r s with l a rge accumulat ions of asci t ic fluid. It may be noted (Table 10) 
that ordy 1 death occur red among those in which the abdomen was shielded 
during i r rad ia t ion . During the following 3.5 yea r s there were re la t ively 
few deaths but again only one was from a group in which the abdomen was 
shielded, but most recent mor ta l i ty has included severa l deaths in these 
groups. 

TABLE 10 

Effects of p ro tec t ive techniques on delayed m o r t a l i t y after 
1200 r X - i r r a d i a t i o n (35 r / m i n ) 

Shielding 

None 

Kidney 
reg ion 

Abdomen 

Total 

Contro ls 

Addit ional 
p ro tec t ive 
t r e a t m e n t * 

7.5% O2 
Epinephr ine 
7.5% O2, ep inephr ine 

None 
7.5% O2 
Epinephr ine 
7.5% O2, ep inephr ine 

None 
7.5% O2 
Epinephr ine 
7.5% O2, ep inephr ine 

Number 
obse rved 

after 30 days 

None 
4 
6 

5 
6 
9 
6 

No s u r v i v o r s 
9 
2 
5 

5 2 

6 

Morta l i ty 

3-11 
months 

1 
3 

5 
3 
5 
2 

1 

20 

1.0-4.5 
y e a r s 

2 
2 

2 
1 

1 

8 

1** 

4.5-5 .5 
y e a r s 

1 

1 

3 

2 

7 

2 

Surv ivors 
at 2000 

days 

1 
0 

0 
1 
2 
4 

5 
1 
3 

17 

3 

* O2, 7.5% during i r r a d i a t i o n ; ep inephr ine , 5 m g / k g in peanut oil i n t r a m u s c u l a r l y 
immed ia t e ly before and after i r r a d i a t i o n . 

* Accidental f r a c t u r e . 

The principal protect ive effect of kidney shielding appears to be on 
acute morta l i ty , specifically the initial r e sponse , resul t ing in grea te r s u r ­
vival at 30 days (Table 9). During 3 to 11 months post i r radia t ion, however, 
mor ta l i ty in these groups was high (more than 5 0%), and comparison with 
total body i r rad ia ted groups indicated no protection from kidney shielding. 
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Abdomen shielding alone resul ted in l i t t le reduction in acute mor ta l i ty , 
but when combined with other t r ea tmen t s a sufficient number survived the 
acute period to pe rmi t study of l a t e r effects. The mor ta l i ty between 3 and 
11 months pos t i r radia t ion may have some rela t ion to the l iver pathology 
observed during this per iod and to di rect exposure of the ent i re l ive r . The 
low mor ta l i ty in groups with the abdomen shielded suggests that such l iver 
damage may be at l eas t par t ly a direct radiat ion effect which is miodified 
by shielding. 

Weight curves of the control and two i r rad ia ted groups a r e shown 
in Figure 7. Two phases a r e suggested from the control curve : An initial 
period of rapid growth for about 200-Z50 days, and a la te r slow weight in­
c r e a s e which has continued for the duration of observat ions . The iTiean 
weights of the various i r r ad ia ted groups that survived more than a year 
show only minor differences. Apparently, i r radia t ion did not a l ter the 
duration of the period of rapid growth but reduced the growth r a t e ; thus 
the maxiinum weight attained at the end of the rapid growth phase was far 
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Figure 7. Growth of control and X-irradiated ciiicks, exposed at 3 days after hatching. • , control 
(1, accidental fracture, 2 and 3, death); A , kidney shielding, 7. 5% O2, 5 mg/kg 
epinephrine in peanut oil before and after irradiation (1^, death); O , abdomen shielding, 
7. 5% O2, 5 mg/kg epinephrine m peanut oil before and after irradiation (* death). 



below the control l eve l . At this t ime the length of the long bones in i r r a d i ­
ated b i rds was much l e s s than that of cont ro l s . Abdomen shielding, which 
reduced mor ta l i ty during this per iod, did not modify the growth r a t e . After 
the per iod of rapid weight i nc rease (about 250 days), i r r ad ia t ed groups 
showed no further i nc r ea se such as was seen in the cont ro l s . The na ture of 
the p r o c e s s e s involved in the l a t e r component of the growth curve and thei r 
re la t ion to delayed radiat ion effects a r e of special i n t e re s t . 

All i r r ad i a t ed b i rds have shown some development of male sex 
c h a r a c t e r s , e.g. enlarged comb and wat t les , and modified head and saddle 
feathering. Apparently the re was development and pe r s i s t ence of i n t e r ­
st i t ial ce l ls in the t e s t e s although in all cases that have been examined 
seminiferous tubules contained no spermatogonia . 

Lymphomatos is has not been identified among i r r ad ia t ed b i rds but 
was seen in one control that died at 1 775 days . During 2000 days of o b s e r ­
vation, one t e r a t o m a has been r eco rded in a control and one s a r coma 
(identified g ross ly but not yet verified) in an i r r ad ia t ed an imal . 
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PROGRESS REPORT. THE HOMOCYSTEINE 
TRANSMETHYLASE SYSTEM 

Stanley K, Shapiro and David A Yphantis 

A new method for the a s say of enzymatic activity of var ious homo­
cysteine t r ansme thy la ses has been descr ibed previously (Ij^) Details of 
this naethod and i ts applications a r e p resen ted m this r e po r t 

Resul t s and Discussion 

The a s say was designed to m e a s u r e the following react ion of methyl 
methionine or S-adenosyl methionine, R r e p r e s e n t s -CH3 or adenosine. 

SH 
I 
CH2 

CH2 
1 
CHNH2 
! 
COOH 

e 
R-S-C^*H3 

GH2 
I 
CH2 ™-

CHNH2 
I 
COOH 

S-~C'*H-
I 
I ^ 
CH2 
I 
CHNH2 
1 
COOH 

R=»S 

CH, 
! 
CH2 

CHNHg 

COOH 

+ H^ 

Homocysteine Methyl donor Methionine Demethylated donor 

The inethod depends only on an adequate p rocedure to separa te the 
methyl donor and the methyl product This is accompl ished by means of 
Dowex 50 columns in the Li+ form" 99% of the radioact ivi ty in 1 0 jLtM of 
S-adenosyl -L-methionine is re ta ined on such columns, whereas 99.98% of 
the radioact ivi ty in 10 jiM of S-methy l -L-meth ionme is re ta ined on the 
columns after washing with 5 ml of dis t i l led water . Converselyj r ad io ­
active methionine may be r ecove red quantitatively by washing the column 
with th ree 0.25-ml port ions of dis t i l led water . Thus enzymatic activi ty 
may be m e a s u r e d by placing aliquots of react ion mix tu re s on Dowex columns 
and measu r ing the radioact ivi ty contained m the column effluents. Since 
methionine is the only radioact ive product formed in the reac t ions with 
yeas t extracts^, the amount of radioact ivi ty m the effluent is d i rec t ly p r o ­
port ional to the methionine produced Reaction mix tu re s without L -homo-
cysteine or without enzyme a r e used to obtain blank va lues . 

The amount of radioact ivi ty may be m e a s u r e d by any of the conven­
tional p r o c e d u r e s , such as plating aliquots of deproteinized solut ions. 
Liquid scinti l lat ion counting has proven mos t convenient because the ent i re 
solution raay be used without any p r e t r ea tmen t . This min imizes e r r o r s due 
to sampling and plating. The absolute efficiency of counting methionine-C H3 
in our sys tem is about 40% and is unaffected by the p r e sence of crude yeas t 
ex t rac t or reasonable levels of unlabeled subs t r a t e s 
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F i g u r e 8 shows the t i m e c o u r s e of the t r a n s m e t h y l a t i o n of 
L - h o m o c y s t e i n e wi th S - m e t h y l - L - m e t h i o n i n e a s the m e t h y l donor u s i n g 
b a k e r ' s y e a s t a s the s o u r c e of e n z y m e . At e a c h of the t h r e e enzyrae l e v e l s 
u s e d the c u r v e s o b t a i n e d a r e l i n e a r t h r o u g h o u t the t i m e of i ncuba t ion . 

m 
o 

a. 
o 

I i'.'UK 8 

S-MethyIrnethionine-homocysteine transmethylase 
activity as a function of time. Reaction mi.xtures 
contained per ml: 8 /_AM L-!iomocysteine, 
8 fiM S-meihyl-L-met!iioninf ( C l ^ H o ) 
(200, 000 cpm//,dvl)aud varying amounts of a 
1:5 dilution of yeast enzyme. The mixtures were 
prepared in 0.1 M phosphate buffer pH 6.4 and ui-
cubated at 35'^C; 0.'2-m] samples were removed at 
the designated time intervals and the radioactivity of 
the methionine was determined as described. 
(Speciiic activity of methionine, 100, 000 cpm^iM). 

15 30 
TIME OF 

60 
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120 
(min.) 

F i g u r e 9 shows the da ta p lo t t ed a s a funct ion of e n z y m e c o n c e n t r a ­
t ion . At e a c h of the four t i m e i n t e r v a l s u s e d , the c u r v e s a r e l i n e a r . Under 
u s u a l a s s a y c o n d i t i o n s , t h i s l i n e a r r e l a t i o n s h i p i s m a i n t a i n e d only when the 
l e v e l of m e t h i o n i n e p r o d u c e d i s u n d e r 0.5 /iM p e r m l of r e a c t i o n m i x t u r e . 
Above th i s l e v e l t h e r e i s a g r a d u a l inh ib i t ion of the r e a c t i o n . 

0.2 

ENZYME,m/ 
0.4 

Figure 9 

S-MethyIrnethionine-homocysteine transmethylase 
activity as a function of enzyme concentration. 
Conditions were as described for Figure 8 . 



With S-methyl -L- iTLethionine a s the m e t h y l d o n o r , the s t a n d a r d dev ia t ion 
of a r o u t i n e d e t e r m i n a t i o n of t r a n s m e t h y l a s e a c t i v i t y h a s been about 3%. 
At the p r e s e n t t i m e we a r e ab le to u s e S - m e t h y l - L - m e t h i o n i n e a t s u c h a 
spec i f i c a c t i v i t y (700,000 cpm p e r / a m o l e ) tha t 0.0004 fiM of the r e s u l t a n t 
m e t h i o n i n e (speci f ic a c t i v i t y of 350,000 cpm p e r / Jmole) m a y be d e t e c t e d 
a t a l e v e l of 2 t i m e s b a c k g r o u n d in a 0 . 2 - m l s a m p l e . T h u s we a r e ab le to 
w o r k in the r a n g e of 0.002 to 0.5 jUM of m e t h i o n i n e f o r m a t i o n p e r m l of r e ­
a c t i o n m i x t u r e . T h e r e s e e m s to be no r e a s o n why th i s s e n s i t i v i t y could 
no t be g r e a t l y i n c r e a s e d if n e c e s s a r y by s i m p l y p r e p a r i n g the m e t h y l 
donor wi th a h i g h e r spec i f i c a c t i v i t y . C o m p a r e d to the p r e v i o u s c o l o r i -
m e t r i c m e t h o d s t h i s p r o c e d u r e for a s s a y i n g t r a n s m e t h y l a s e ac t i v i t y h a s 
i m p r o v e d s e n s i t i v i t y m o r e than 1 00-fold and h a s g r e a t l y sinnplif ied the 
m a n i p u l a t i o n s r e q u i r e d for a s s a y . 

F i g u r e 10 d e m o n s t r a t e s the a p p l i c a t i o n of the t r a c e r a s s a y in a 
d e t e r m i n a t i o n of e n z y m e ac t i v i t y a s a funct ion of pH. The o p t i m u m r a n g e 
of a c t i v i t y i s be tween pH 6.2 and pH 7.0. 

Figure Id 

S-Methylmethiouine-homocysteine transmet'.) lase a c ­
tivity as a function of pH. Conditions were as described 
for Figure 8 except that the buffer was varieri to attain 
various pH levels. All tubes contained 0.1 ml (M" a 1:,5 
dilution of yeast enzyme per ml reaction mixture and 
the incubation time was 90 min. 

" 5 6 7 8 
pH 

The t r a c e r a s s a y was u s e d to conduct a s u r v e y of v a r i o u s c e l l s for 
e n z y m e a c t i v i t y . The pos i t i ve r e s u l t s a r e shown in T a b l e 1 1 . A n u m b e r of 
s t r a i n s of A e r o b a c t e r a e r o g e n e s w e r e i nves t i ga t ed^and a l l y i e l d e d c e l l - f r e e 
e x t r a c t s of h igh a c t i v i t y . Al though e x t r a c t s of s t r a i n K - i 2 of E s c h e r i c h i a 
coH w e r e qui te a c t i v e , we have been unab le to d e m o n s t r a t e a c t i v i t y in e x ­
t r a c t s p r e p a r e d f rom s t r a i n s B and W. R a t k idney p r e p a r a t i o n s had low-
a c t i v i t y , but t h o s e of r a t l i v e r w e r e c o m p a r a b l e to the y e a s t p r e p a r a t i o n s . 
Under i d e n t i c a l cond i t ions a c e t o t h e t i n was four t i m e s a s a c t i v e a s S - m e t h y l -
L - m e t h i o n i n e a s a m e t h y l donor . No e n z y m e ac t i v i t y h a s been d e t e c t e d in 
c e l l - f r e e p r e p a r a t i o n s of r a t b r a i n o r h e a r t . Ac t iv i ty was not d e m o n s t r a b l e 
wi th c e l l - f r e e e x t r a c t s of c a b b a g e , p e a s o r l i ly of the v a l l e y . 
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TABLE ] 1 

A comparison of the activity of var ious homocysteine t r ansme thy l a se s* 

Methvl donor 

Source of enzyme f „ ^ , , , , ' ^ A , , i r 
^ , . , ^^ S-Melii-sl-L- S-Adenosyl-L-

Acetothetm** . 14 . 14 
methionine-C H-, meth ionme-C H3 

Rat kidney ' < 0.2 
Rat l iver 2 0 
_S_ ce rev i s iae < O.Z 
E. coll K 12 < 0.2 
A aerogenes 1 < 0 2 

- zzzz I J 1̂  . ^ u 

0 

1 ^ 
i 0 

0 
1 

05 
5 
8 
7 
0 

< 0 002 
0 i 
0 2 
0 15 
0 3 

*A11 quanti t ies a r e expressed as /.iixioles of niethionine per mg protein 
per hour incubation Each react ion mix ture contained 8 uM 
L-homocys teme and 8 /iM methyl donor per m l . Reaction mix tu res 
were made up m 0 1 M PO4 buffer, pH 6 4, and incubated at 35° . 
S-Methyl-L-methionine (C H'j) was used at a specific activity of 
400,000 cpm//iM, methionine was de termined on the basis of a 
specific activity of 200,000 cpm//jM S-Adenosyl-L-methionine 
(C '̂̂ H^) was used at a specific activity of 425,000 cpm/jj^M, the 
resul tan t methionine in this case has the saiiip soecific activity 
as the methyl donor. 

**The methionine produced with acetothetin as the methyl donor was 
de termined by the n i t ropruss ide t es t . 

Table 11 also shows the r e su l t s obtained with the nev method using 
S-adenosyl -L-meth ionme as the methyl donor lor the t ransmethyla t ion of 
L-homocyste ine by var ious ce l l - f ree ex t r ac t s . With S-methyl -L-rneth ionme, 
one would expect 2 moles of methionine per mole of metliYl donor, whereas 
with S-adenosyl -L-meth ionme the theore t ica l yield would be J m.ole me th i ­
onine per mole of methyl donor. However, the apparent activity of S-methyl-
L-methionine exceeds the act ivi ty of S-adenosyl -L-meth ionme by a factor of 
3 to 5 Thus S-metfayl-L-methionme appears to be the bet ter methyl donor 
for the t ransmethyla t ion of L-homocys temc under the descr ibed conditions. 
The amount of methionine formed by l iver ex t rac t s m the t ransmethyla t ion 
of L-homocyste ine with S-adenosyl -L-methionine is eas i ly detected by the 
t r a c e r a s say although this possibly i m p o r t a i t role of S-adenosyl-L-
methionine would be difficult to detect with co lo r ime t r i c p r o c e d u r e s . 

The sensi t ivi ty of the a s say makes it possible to detect very smal l 
amounts of enzyme activi ty However, i ts g rea t e s t advantage in our work 
is that it IS possible to a s say many enzyme prepara t ions quickly and accu­
ra te ly . Although it is possible to use ex t remely short incubation t imes in 



our routine a s s a y s , we have found it m o r e convenient to adjust the specific 
activity of the methyl donor so that incubation of react ion mix tu res for 
30 min yields an accura te ly measu rab l e amount of radioact ivi ty in the r e ­
sultant methionine. It is obvious that this method could be applied advan­
tageously with only minor modifications to studies involving any of the 
known homocysteine t r ansmethy lases 

In principle such a method for enzyme a s say could be used in many 
other reac t ions where p resen t a s s a y methods a r e unsat i s fac tory . The only 
p re requ i s i t e is a method that gives a quantitative separa t ion of a subs t ra te 
and a reac t ion product , permi t t ing radioact ivi ty to be used as a m e a s u r e of 
enzymatic act ivi ty. 
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A PUNCH-CARD SYSTEM FOR THE STUDY OF 
ELECTRON MICROGRAPHS 

Miguel Mota* 

It is frequently n e c e s s a r y in e lec t ron mic roscope work to study a 
la rge number of photographs. If the problem involves different var iab les 
such as i r rad ia t ion of the m a t e r i a l , t ime of recovery , different fixatives 
or detai ls of technique, and seve ra l s t r u c t u r e s , the p r o c e s s of sort ing for 
comparat ive study al l p ic tures showing r e su l t s of a given t r ea tmen t or 
s t ruc ture is a tedious and time-consumiing one. A punch ca rd sys tem de­
veloped in connection with our own work has proved successful and can 
easi ly be applied to any s imi l a r p rob lem. 

Since it is convenient to locate immedia te ly the pr int of any given 
negative we now make two pr in ts from each negative in the s tandard 
8 x 1 0 inch paper . One is filed in o r d e r by number , which pe rmi t s i m m e ­
diate location of any number . The other is used for the punch card sys tem. 

Of the s imple desk punches available we use one that makes a total 
of 7 holes in a length of 26 cm. By the use of the B-inch edge of the pr int 
(where the square negative leaves a wider marg in ) , 5 holes can be punched. 
By flipping over the pr in t and punching it again we obtain 5 m o r e ho les . As 
in any punch ca rd sys tem it is convenient to cut one co rne r of the print to 
ensure quickly that they a r e s tacked in the r ight posit ion. 

If not m o r e than 10 var iab les a r e involved, the simiplest sys tem is 
to code them from A to J and ass ign a hole to each le t te r . Sorting once 
will provide al l of the p r in t s , and only those , of the des i r ed var iab le . 

If m o r e than 10 var iab les a r e involvedj it is n e c e s s a r y to cut more 
than one hole for each var iab le in each pr in t . With two holes and the dif­
ferent combinations of the 10 l e t t e r s , a total of 45 var iab les can be studied, 
a number usual ly enough to cover the needs of any exper iment . If more 
var iables a r e involved one can e i ther use combinations of th ree l e t t e r s or 
punch the other s ides of the photograph. Even with the la rge holes as made 
by the punch used, this does not take m o r e than 15 m m of the marg in . 

•Res ident R e s e a r c h Associa te from Estacao Agronomica Nacional, 
Sacavem, Por tuga l , 



SPECIFIC CHROMOSOMAL CONTROL OF THE MASS OF THE 
NUCLEOLUS AND OF THE CYTOPLASM 

A. L o n g w e l l * and G Svihla 

In a s p e c i e s in which i t i s p o s s i b l e to c o n t r o l the n a t u r e and ex t en t 
of a n e u p l o i d y , i t i s f e a s i b l e to d e t e r m i n e w h e t h e r the p r o t e i n a n d r i b o n u c l e i c 
a c i d con ten t of the deve lop ing n u c l e o l u s i s u n d e r d i r e c t c h r o m o s o m a l c o n t r o l . 
If s o , i t shou ld then be p o s s i b l e to d e t e r m i n e w h e t h e r t h i s c o n t r o l i s a g e n ­
e r a l funct ion of a l l the c h r o m o s o m e s o r of spec i f i c c h r o m o s o m e s to a 
g r e a t e r e x t e n t t han o t h e r s . If n u c l e o l a r m a s s c a n be a l t e r e d by chang ing 
the c h r o m o s o m a l c o n s t i t u t i o n of c e l l s , then i n f o r m a t i o n m i g h t be o b t a i n e d 
c o n c e r n i n g the p r o p o s e d d i r e c t n u c l e a r c o n t r o l - o r m o r e s p e c i f i c a l l y the 
n u c l e o l a r c o n t r o l - o v e r c y t o p l a s m i c p r o t e i n s y n t h e s i s , a s w e l l a s the e x ­
t e n t of t h i s c o n t r o l shou ld i t e x i s t . 

H e x a p l o i d whea t ( T r i t i c u m v u l g a r e ) b e c a u s e of i t s a l l o p o l y p l o i d 
n a t u r e , can t o l e r a t e a c o n s i d e r a b l e d e g r e e of a n e u p l o i d y . S e a r s (1) h a s 
o b t a i n e d a c o m p l e t e a n e u p l o i d s e r i e s in t h i s p l a n t i nc lud ing m o n o s o m e s , 
t r i s o m i e s , t e t r a s o m i c s and n u U i s o m i c s for a l l t w e n t y - o n e c h r o m o s o m e s 
of th i s s p e c i e s , ( M o n o s o m i c : h a v i n g the c h r o m o s o m e p r e s e n t in a s i ng l e 
dose r a t h e r t han the n o r m a l two d o s e s : i r i s o m i c - h a v i n g the c h r o m o s o m e 
p r e s e n t in t h r e e d o s e s ; t e t r a s o m i c , h a v i n g the c h r o m o s o m e p r e s e n t in 
four d o s e s ; n u l l i s o m i c . hav ing the c h r o m o s o m e a l t o g e t h e r l a c k i n g . ) With 
the C o o k e - D y s o n i n t e r f e r e n c e m i c r o s c o p e d e t e r m i n a t i o n s h a v e b e e n m a d e 
of the d r y m a s s of the n u c l e o l u s and of the c y t o p l a s m of p l a n t s wi th a l t e r e d 
n u m b e r s of n u c l e o l a r c h r o m o s o m e s and p l a n t s with a l t e r e d n u m b e r s of 
n o n ~ n u c l e o l a r c h r o m o s o m e s I n a s m u c h a s the d r y m a s s is i n d i c a t i v e in 
t h e s e c a s e s of the p r o t e i n con t en t of the c e i l , and s i n c e p r o t e i n i s f o r m e d 
u n d e r the in f luence of RNA, such a s tudy can be i n t e r p r e t e d in t e r m s of the 
RNA and p r o t e i n s y n t h e t i c m e c h a n i s m s of the c e l l s 

The m i c r o s p o r o c y t e s of p l a n t s t e t r a s o m i c for two d i f f e r en t n o n -
n u c l e o l a r c h r o m o s o m e s did not differ in n u c l e o l a r o r c y t o p l a s m i c d r y m a s s 
f r o m t h a t of n o r m a l c e l l s . P l a n t s t e t r a s o m i i c for two of the s t r o n g e r n u c l e ­
o l a r c h r o m o s o m e s , h o w e v e r , showed a c o n s i d e r a b l e j s t a t i s t i c a l l y s ign i f i can t 
i n c r e a s e in the m a s s of both n u c l e o l i a n d c y t o p l a s m . When a p l a n t t e t r a ­
s o m i c for a n u c l e o l a r c h r o m o s o m e i s m i s s i n g a p a i r of n o n - n u c l e o l a r c h r o ­
m o s o m e s , the t o t a l c h r o m o s o m e n u m b e r then e q u a l i n g t h a t of a n o r m a l 
p l an t , the n u c l e o l a r and c y t o p l a s m i c m a s s fa i l s to differ f r o m tha t of the 
r e g u l a r n u c l e o l a r c h r o m o s o m e t e t r a s o m i c s . The c e l l s of p l a n t s m i s s i n g a 
p a i r of one of the s t r o n g e s t n u c l e o l a r c h r o m o s o m e s did no t differ f r o m n o r ­
m a l in the a s p e c t s s t u d i e d h e r e , p r e s u m a b l y b e c a u s e of the c o m p e n s a t i n g 

* 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 



effects of the two weaker pa i r s of nucleolar ch romosomes , which in no rma l 
m a t e r i a l a r e mos t ly latent . The average i nc rea se s in m a s s in the cells of 
the plants t e t r a somic for the two s t ronger nucleolar chromosomes a r e on 
the o rde r of 100% in the case of the nucleoli and 50% in the case of the cyto­
p lasm. All of these findings ag ree with independent m e a s u r e m e n t s of nucle­
olar volumes and counts of newly-formed nucleoli before nucleolar fusion 
o c c u r s . 

These resu l t s indicate the control of nucleolar synthesis by specific 
chromosome types , these chronaosomes being those which have been r e f e r r e 
to in c l a s s i ca l cytology as nucleolar chromosomes ,(2) These ch romosomes , 
or the nucleolar m a t e r i a l which they synthesize , then exer t an influence on 
the protein content of the cytoplasm out of a l l proport ion to what might be 
expected on the basis that the extra pai r of nucleolar chromosomes const i ­
tutes only 22 of the total number of ch romosomes p re sen t in the nucleus . 
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PROGRESS REPORT: DEUTERIUM OXIDE INTOXICATION IN RATS 

I. Effect of D2O on P e r i p h e r a l Blood Cells 

John F . Thomson and F lo rence J. Klipfel 

In ea r l i e r exper iments with DgO-treated r a t s , we had often ob­
se rved what seemed to be a seve re anemia , as evidenced by the dec reased 
volume of packed e ry th rocy tes . We thought that a syste inat ic study of the 
changes in numbers of pe r iphe ra l blood cells would be profi table . 

Sprague-Dawley female r a t s , 4 to 6 months old, were used in these 
exper iments . They were given 50% DgO _ad l ibitum until one or more r a t s 
in the group died from the effects of deuterat ion (24 to 30 days) . Blood 
counts were made at weekly in t e rva l s . Since the ta i ls of D20- t rea ted r a t s 
become necro t i c , it was n e c e s s a r y to obtain blood by hea r t puncture . Urine 
was collected, a lso at weekly in te rva l s , and as sayed for deuter ium,* 

No significant changes were observed in r a t s until the D2O concen­
t ra t ion in the body exceeded 20%. As can be seen frona Figure 11, the e r y ­
throcyte count then began to fall to about 50%., while the ret iculocyte count 
i nc reased m o r e than two-fold. In 2 of the 6 r a t s in this group, the r ed cell 
count fell below 2,000,000/mm^; 1 of these r a t s died, but the other r ecove re 
when given H2O ins tead of DgO to drink. After r e s to ra t ion of H2O to the 
an imals , r ecovery was apparent ly complete within 4 to 6 weeks . 

The behavior of the white blood cel ls was considerably l ess con­
s is tent . In mos t c a s e s , there was f i r s t a slow, then a sudden drop in 
lymphocytes at 25% rep lacement of the body fluids by heavy water , with a 
significant i nc rease in granulocytes , so that the total white count did not 
change great ly in the course of deuterat ion. There were in some r a t s 
appreciable numbers of immatu re and abnormal white ce l l s , but these 
findings were not consis tent ly observed . 

These observat ions differ from those r epor t ed by Gustavson and 
Haggqvist in mice.!-'-) These authors observed a 60% dec rease in total 
white count, but only a 15% dec rease in numbers of e ry th rocy te s . However, 
their mice were drinking 50% DgO for only 14 to 16 days , and with fur ther 
ingestion a m o r e m a r k e d anemia might have developed. 

Although D2O can thus suppress e ry th ropo ies i s , it is doubtful 
whether anemia is the cause of death in the major i ty of the an ima l s ; at 
l eas t there is no apparent cor re la t ion between the degree of anemia and 
t ime of death. 

*Dr, Henry Cresp i of the Chemis t ry Division c a r r i e d out these ana lyses . 
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Figure 11. Changes in erythrocyte and reticulocyte count in rats drinking 50*70 heavy water. 
Averages of 6 rats. 
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E L E C T R O N M I C R O S C O P E STUDIES O F S P E R M A T O G E N E S I S 
IN MOUSE A F T E R X-IRRADIATION 

I. Mi to t i c Spindle and N u c l e a r S t r u c t u r e s in S e r t o l i Ce l l s and " C o r e s . ' 

Migue l Mota* 

Al though the m i t o t i c sp ind le a s s e e n unde r the e l e c t r o n m i c r o s c o p e 
h a s b e e n d e s c r i b e d by s e v e r a l a u t h o r s , ' ' ' ' ' ' ' c o m p l e t e l^nowledge on th i s 
c e l l s t r u c t u r e i s fa r f r o m be ing a t t a i n e d . The p r e s e n t o b s e r v a t i o n s on the 
u l t r a s t r u c t u r e of the m i t o t i c sp ind le and o the r n u c l e a r s t r u c t u r e s , m a d e in 
the c o u r s e of a s tudy of s p e r m a t o g e n e s i s m the m o u s e a f t e r X - i r r a d i a t i o n , 
should t h e r e f o r e be of m t e r e s l 

F i g u r e 12 shows the sp ind le m the p r i n a a r y s p e r m a t o c y t e s of the 
m o u s e 24 h r a f t e r 1000 r of X - i r r a d i a t i o n . T h e s e p h o t o g r a p h s cannot be 
c o n s i d e r e d good by the u s u a l s t a n d a r d s a l though i t i s not p o s s i b l e to s ay if 

1 igure 12. Two views of ihe achromatiL spindle in primar\ spermatocytes 24 hr after 1000 r X-tays. 

• 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 . 



the bad cond i t ion and t e a r i n g of the m a t e r i a l r e s u l t s f r o m f ixa t ion (doubtful) , 
o r a s s u g g e s t e d in a p e r s o n a l c o m m u n i c a t i o n of P ro f . Y a s u z u m i , f r o m 
d e h y d r a t i o n ( f rom too p r o l o n g e d e x p o s u r e to a b s o l u t e a l c o h o l ) , o r f r o m 
p o l y m e r i z a t i o n of the m e t h a c r y l a t e . Tn t h e s e p i c t u r e s , h o w e v e r , one can s e e 
tha t the sp ind l e f i b e r s show a p e c u l i a r r e s i s t a n c e to w h a t e v e r c a u s e d the 
d e s t r u c t i o n of the c y t o p l a s m i c a r r a n g e m e n t . The sp ind le f i b e r s 3.ppear to 
c o n s t i t u t e an e x t r e m e l y tough o r g a n i z a t i o n o r , U l e a s t , to be p a r t i c u l a r l y 
r e s i s t a n t to the a r t i f a c t abundan t ly shown in the p i c t u r e s . Th i s i s in good 
a g r e e m e n t wi th the fac t that the m i t o t i c sp ind le ca^a be i s o l a t e d by d i s o r g a n ­
i z ing the c \ ' ' top lasmic p r o t e i n s b̂ ^ d e t e r g e n t s . ^ 

F r o m t h e s e p i c t u r e s and the a b o v e - c i t e d p a p e r s the fact s e e m s we l l 
e s t a b l i s h e d tha t the s o - c a l l e d c h r o m o s o m a l f i be r i s c o m p o s e d of two p a r a l l e l 
b u n d l e s of f i b r i l s . E a c h bundle p r e s u n a a b l y i s a t t a c h e d to the c e n t r o m e r e 
of a c h r o m a t i d (half c e n t r o m e r e ) a l t h o u g h no good e^' idence of t h i s has b e e n 
c l e a r l y p r e s e n t e d . E a c h bundle i s i t s e l f c o i n p o s e d of double f i b r i l s , l e av ing 
open a g a i n the idea tha t ' ' sp ind le f i b e r s " JTiay be a c t u a l l y t u b u l e s . 

The d i s t a n c e b e t w e e n the two p a r a l l e l bt i d l e s of f i b r i l s of e a c h 
c h r o m o s o m a l f iber m a y be a s h igh a s about 2000 A. T h i s i s rough ly the 
l i m i t of r e s o l u t i o n of the o p t i c a l m i c r o s c o p e , and tha t s t r u c t u r e should then , 
t h e o r e t i c a l l y , be v i s i b l e wi th tha t m s t r u m e / ' t It r e c | u i r e s only a d e q u a t e 
t e c h n i q u e to be d e m o n s t r a t e d b e c a u s e of tfie we l l known dif f icul ty in 
o b s e r v i n g the a c h r o m a t i c s p i n d l e . With the i n t e r f e r e n c e n a i c r o s c o p e , h o w ­
e v e r , s u c h a doub le s t r u c t u r e i s v i s i b l e a s d e s c r i b e d bv Longwel l and 
Mota.^ ' T h i s double s t r u c t u r e w a s a l s o ^"isible a l t hough l e s s c l e a r l y , in 
p r e p a r a t i o n s of m o u s e t e s t i s f ixed m C a r n e y f luid, s t a i n e d wi th F e u l g e n 
and F a s t G r e e n , and obser^-ed by p h t i s e - c o n t r a s t m i c r o s c o p y in p r e p a r a t i o n s 
k ind ly shown to u s by D r . B . R . N e b e l . 

A p e c u l i a r s t r u c t u r e w a s obse r^ ' ed in s o m e r e s t i n g s t a g e c e l l s c o n ­
s i s t i n g of a r o u n d r e g i o n c e n t r a l l y l o c a t e d in the n u c l e is ( F i g u r e 13 A and B) 
and hav ing in i t s p e r i p h e r y a r i n g of e l e c t r o n - d e n s e ma- te r i a l i r r e g u l a r l y 
d i s t r i b u t e d . A t t a c h e d to the o u t s i d e of t h i s r e g i o n i s the n u c l e o l u s , we l l -
def ined a s the d a r k e s t s t r u c t u r e in the cel l and with v a c u o l e s . The c e n t e r 
of the r o u n d r e g i o n a p p e a r s r a t h e r c l e a r wi th onlv a s m a l l n u m b e r of 
s l i gh t ly d e n s e r r e g i o n s . The p e r i p h e r a l r i n g s e e m s to be c o m p o s e d of 
p a r t i a l l y d e s p i r a l i z e d c h r o m o s o m e i n a t e r i a l . and 3.s t h e s e r e g i o n s w e r e f i r s t 
s e e n in m a t e r i a l f ixed a few d a y s a f t e r i r r a d i a t i o n , i t w a s thought t ha t they 
m i g h t be r e s t i t u t i o n n u c l e i . R e s t i t u t i o n r u c l e i a p p e a r i n g s o m e t i m e a f t e r 
1000 r a c u t e l o c a l i z e d X - i r r a d i a t i o n h a v e been d e s c r i b e d a s the r e s u l t of 
b l o c k a g e of m i t o s i s a t nr ie taphase I by Nebe l and Dlesk'"^) f r o m o p t i c a l 
m i c r o s c o p e s t u d i e s of m o u s e t e s t i s a f t e r i r r a d i a t i o n . 

B e c a u s e of the w e l l - k n o w n e x t r e m e l ab i l i t y of the a c h r o m a t i c s p i n d l e , 
i t s d e s t r u c t i o n o r i n a c t i v a t i o n i s to be e x p e c t e d with s u c h a high d o s e a s 
1000 r of X - i r r a d i a t i o n . H e n c e , the fa te of a ce l l i r r a d i a t e d in m e t a p h a s e 
o r n e a r t ha t s t a g e wi l l p r o b a b l y be e i t h e r d e a t h o r r e s t i t u t i o n . The l a t t e r 
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process r e s e m b l e s the telophase p rocess in the despi ra l iza t ion of the 
ch romosomes and the reappearance of the nucleolus; the chromosomes 
lose their individuality and the whole nucleus appears as a uniform naass . 
The p r o c e s s does not occur uniformly over the ent i re metaphase plate 
but is a cent r ipeta l one, as C3,n be seen in motion p ic tures of living cel ls 
of plant endosperm by Mole-Bajer .(8) 

The main difference in appearance between Ba je r ' s res t i tut ion 
nuclei and those seen he re is that here the cent ra l region looks a lmost 
c lear , while in Bajer'^s p ic tures it is filled with only slightly despi ra l ized 
chronaosomes. The f i r s t cells of this kind to be studied were not c lear ly 
identified. Although they resemble Sertoli ce l ls , it was thought that they 
might be res t i tu ted spermatocy tes which, according to Nebel and Dlesk,^ / 
'*can thoroughly mimick the appearance of Sertol i nucle i ." These s t ruc tu res 
were la ter found also in control m a t e r i a l in unmistakably identified Sertol i 
ce l ls . The nunaber of cases found makes it highly improbable that they a r e 
spontaneous res t i tu t ion nuclei" therefore , this hypothesis has been a lmost 
entirely ruled out. 

The density of the per iphery of the round cent ra l region, which is 
higher than in other nuclear regions and lower than in the nucleolus, 
suggests that the m a t e r i a l may be he te rochromat in . The fact that it is 
always at tached to the nucleolus, and that in the mouse the nucleolar 
chromosome is he te rochromat i c , a lso strongly suggests that this is rea l ly 
he te rochromat ic chromosome m a t e r i a l m a stage of par t ia l despi ra l iza t ion . 
However, we have no explanation for the perfect ly round shape of this 
s t ruc tu re or for its c lear cent ra l zone. 

Ei ther in res t i tu t ion nuclei or in he te rochromat ic chromosome 
ma te r i a l , a par t ia l ly desp i ra l ized s t ruc tu re is likely to be par t icu la r ly sui t­
able for the study of the a r r a n g e m e n t of f ibers inside the chromosome since 
the despi ra l iza t ion p roces s is probably going on at a lower ra te than in 
te lophase . If so, such cells might provide help in solving what i s , at 
p resen t , the mos t p res s ing problem of morphology of chromosome s t ruc tu re . 
The observat ions made so far show the p resence in this region of wel l -
defined f ibers about 200 A wide (Figure 13 B and C). They seem to c o r r e ­
spond to the e lementary 200-A fibri ls that Ris ' ° ) cons iders the bas ic 
morphological unit although m o r e recent ly he has been able to resolve that 
unit in pa r t i cu la r ly favorable m a t e r i a l and conditions. 

In synaptic s tages of p r imary spe rmatocy tes , " c o r e s " s imi la r to 
those descr ibed by Mosesi-'-'^) have been found repeatedly in control m a t e r i a l . 
Our observat ions a r e consis tent with those of other au thors ; the exis tence of 
such cores may be r a the r genera l . 
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MATHEMATICAL MODELS FOR THE FORMATION AND REGULATION 
OF POPULATIONS OF FORMED BLOOD ELEMENTS 

I. Some B a s i c C o n c e p t s and a F i r s t Spec i f ic Mode l 

G e o r g e A . S a c h e r , E r n e s t o T r u c c o , and J o h n H. B o r r o w m a n * 

T h i s p a p e r d i s c u s s e s sonae f i r s t s t e p s in the d e v e l o p m e n t of 
n a a t h e m a t i c a l m o d e l s for the m a i n t e n a n c e and r e g u l a t i o n of p o p u l a t i o n s 
of blood c e l l s . The b a s i c i d e a s app ly to the e r y t h r o i d a s we l l a s the 
m y e l o i d l i n e a g e . 

B r o a d l y s p e a k i n g , we m a y d i s t i n g u i s h t h r e e m a i n p h y s i o l o g i c a l 
a c t i v i t i e s in the l ife h i s t o r y of a blood c e l l , n a m e l y t h o s e of p r o l i f e r a t i o n , 
d i f f e r e n t i a t i o n , and m a t u r e func t ion . S e v e r a l m o r p h o l o g i c a l c l a s s e s o r 
s t a g e s of c e l l s have b e e n r e c o g n i z e d for e a c h type of blood e l e m e n t , 
a c c o r d i n g to v a r i o u s h i s t o l o g i c a l and h i s t o c h e m i c a l c r i t e r i a . T h e s e 
s t a g e s f o r m a d e v e l o p m e n t a l s e r i e s , but wi th in the s e r i e s t h e r e i s a c o n ­
s i d e r a b l e d e g r e e of o v e r l a p of the p h y s i o l o g i c a l a c t i v i t i e s , p a r t i c u l a r l y 
b e t w e e n p r o l i f e r a t i o n and m a t u r a t i o n . In ou r i n i t i a l m o d e l we s h a l l 
a s s u m e tha t a t any g iven t i m e e a c h c e l l e x i s t s in one of s e v e r a l p o s s i b l e 
" c o m p a r t m e n t s , " but we do no t ye t a t t e m p t to r e l a t e t h e s e wi th the 
" s t a g e s " of the h e m a t o l o g i s t . We sha l l a l s o a s s u m e tha t t h e r e i s no 
o v e r l a p of the p h y s i o l o g i c a l a c t i v i t i e s w i th in c o m p a r t m e n t s . 

A s Pat t^ / p o i n t s out , " the diffuse d i s t r i b u t i o n of the b lood f o r m i n g 
t i s s u e s and the p o s s i b l e v a r i a b i l i t y of the h e m a t o p o i e t i c p a t t e r n s f r o m one 
l o c u s to a n o t h e r c o m p o u n d the d i f f i cu l t i e s of e v a l u a t i o n . " In ou r f i r s t 
a p p r o a c h we s h a l l i g n o r e t h i s g e o g r a p h i c a l c o m p l i c a t i o n and c o n s i d e r only 
the c a s e of h o m o g e n e o u s d i s t r i b u t i o n in e a c h c o m p a r t m e n t . 

If Nĵ  (i = 0, 1, 2, ••• n) i s the n u m b e r of c e l l s in the i™ s t a g e , o u r 
m o d e l wi l l be e m b o d i e d in a s y s t e m of d i f f e r e n t i a l e q u a t i o n s spec i fy ing the 

dNi 
t i m e r a t e s of c h a n g e , -7--, a s func t ions of NQ, N J , N J , * - - N ^ ' In p a r t i c u l a r we 

s h a l l deno t e by NQ the n u m b e r of p r o l i f e r a t i n g c e l l s , and by N„ the n u t n b e r of 
m a t u r e c e l l s , found in the p e r i p h e r y , so tha t Ni (t), N2 (t), ••• N n - i (t) wi l l 
r e p r e s e n t i n t e r m e d i a t e c o m p a r t m e n t s . 

In a p r e v i o u s report* ' ' i t w a s po in t ed out t ha t a r e a s o n a b l y a d e q u a t e 
m o d e l canno t c o n s i s t of l i n e a r d i f f e r e n t i a l e q u a t i o n s on ly . It i s a l s o c l e a r 
t ha t s o m e f e e d b a c k c o n t r o l loop shou ld be i n c o r p o r a t e d in to the s y s t e m in 
o r d e r to m a i n t a i n and a d j u s t the l e v e l of the c e l l p o p u l a t i o n . In n a t u r e t h e s e 
c o n t r o l func t ions a r e p e r f o r m e d , a t l e a s t in p a r t , by the h u m o r a l s u b s t a n c e s 
e r y t h r o p o i e t i n and l e u k o p o i e t i n , w h o s e c h e m i c a l s t r u c t u r e , p r o p e r t i e s , and 
m e c h a n i s m of a c t i o n a r e , h o w e v e r , s t i l l i m p e r f e c t l y known . 

• R e s i d e n t S tuden t A s s o c i a t e , S u m m e r , 1958 . 
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Pursuing , then, the ideas set forth in the previous repor t , we shall 
take the following differential equation to desc r ibe the var ia t ion of NQ: 

- ^ = aNo (KO-NO) + bNo0 ( N J - [co + d"̂  ( N J ] NO - foNo - ^INo (1) 

Here a, KQ, b, Cg, d, fg and fC a r e posit ive constants , 0 and f a r e functions 
of Nn to be presen t ly specified. Fo r explanation of I see Equation l b . 

We notice f i rs t of all that—--^ is propor t ional to NQ itself, so that no 
dt 

production of prol i ferat ing cel ls can occur unless some a r e a l r eady p resen t 
("every cell f rom a ce l l " ) . This is a n e c e s s a r y requirenaent if NQ is to be 
t ruly a pr i inord ia l s tage . 

The in t r ins ic b i r th t e r m aNo (K-NQ) would give r i s e , if taken by 
itself, to the o rd inary logist ic curve for the growth of NQ. A further feed­
back b i r th t e r m , namely bNo 0 (N ), r e p r e s e n t s the control exerc i sed by 
the population of naature cel ls on the ra te of production of new ce l l s . It is 
reasonable to postulate that 0 (N^) is a dec reas ing function of N^; for 
s implici ty, and only for the t ime being, we take it to be l inear : 

0 ( N j ^ K ^ ^ N n (la) 

(KJ^ being a constant) . This assumpt ion is probably t rue only for a linaited 
range of N^-va lues . 

The migra t ion t e r m 

- No [co + dfy(Nn)] 

r e p r e s e n t s the number of prol i ferat ing cel ls that a r e t r ans fo rmed into the 
next stage per unit t ime . Here '̂  (N^) is a second feedback function, again 
a s sumed to be l inear : 

f (Nn) = Ki == Nn (lb) 

(K^ = constant) . 

Final ly 

- foNo - /ciNo 

is the death t e r m , £Q being an o rd inary decay constant ( intr insic death), 
whereas I stands for the intensi ty of some de le te r ious external agent, e.g. 
radiat ion, since one impor tant purpose of this study is to obtain eventually 
a quantitative p ic ture of the radiat ion effects on living ce l l s . As a f i r s t 



48 

approximat ion we shall suppose that radiat ion does not influence the la ter 
s t ages . This would be s t r ic t ly t rue , for example, if radiat ion damage 
occu r r ed exclusively during naitosis . 

Fo r the subsequent s tages no bi r th t e r m will be included, according 
to our hypothesis that only the f i r s t stage is capable of cell division. Thus, 
the equations for Nj, N2, °" N^ will be of the form 

dNi 
" ^ = gi- i ™ gi - fiNi (i = l , 2 , •••n) , (2) 

the fi 's being cons tan ts . 

In these equations gi_i r e p r e s e n t s immigra t ion from the immedia te ly 
preceding stage and thus, a s suming no migra t ion l o s s e s , g^ will be the 
emigra t ion ra te into the next following s tage . The quantit ies 

- fiNi 

a r e the in t r ins ic death t e r m s . We have, of course : 

gn = 0 (2a) 

and, according to Equation 1: 

go = [co + d^ ( N j ] No . (2b) 

Fo r the remain ing migra t ion t e r m s we shall a s sume the s imples t possible 
form, namely 

gi = CiNi 1 
I (2c) 

ci = constants , i = 1, 2, ' " n -1 . J 

In summary , then, the two pr incipal c h a r a c t e r i s t i c s of this simple 
model a r e as follows: 

(a) The p r o c e s s of naaturation is desc r ibed as a sequence of 
i r r e v e r s i b l e t rans i t ions from one matura t ion stage to the next. 
We might well a s s u m e that (except for the final stage) the death 
r a t e s a r e negligible compared to those of emigrat ion, so that 

f̂  = 0 for i = 0, 1, 2, ••• n-1 . (2d) 

(b) There is essent ia l ly only one feedback loop: b i r th and migra t ion 
of prol i fera t ing cel ls a r e regulated by the number of m a t u r e 
cel ls p re sen t . 



To avo id c u m b e r s o m e e x p r e s s i o n s we sha l l now put 

LX = b - d (3) 

^ = aKo + bK^-fo - icI-co-dK^ (4) 

e = Co 4 dK^ 

(5) 
e^ = Ci + fi (i = 1, 2, •*• n -1 ) 

e fn . (6) n - ^n 

F o r c o n v e n i e n c e and s i m p l i c i t y , and b e c a u s e we have p r a c t i c a l l y no 
da ta for the i n d i v i d u a l c o n s t a n t s Ci, we s h a l l a s s u m e not on ly tha t E q u a t i o n 2d 
h o l d s , but a l s o t h a t 

e i = ©2 = ••" = e^^.i = ci = C2 "•• = c^. . ! ^ c . (7) 

The s y s t e m of E q u a t i o n s 1 and 2, t o g e t h e r wi th l a , l b , 2a, 2b, 2c , 2d, 
and 3 to 7, i s t hen r e d u c e d to the fo l lowing f o r m : 

dN 
- ^ = - N o [aNo + a N ^ - ^] 

^ = eNo -dNoNjj - cNj 

(8) 
dNi 
-J^ = c(Ni_i - Ni) for i - 2, 3, ••• n - 1 

d t = c N n . i ~ enNn 

The n u m b e r of c o m p a r t m e n t s , i . e . , the quan t i t y n, s t i l l u n s p e c i f i e d , 
wi l l e s s e n t i a l l y d e t e r m i n e the t r a n s f e r funct ion , t ha t i s , t he a v e r a g e t i m e 
r e q u i r e d for a c e l l to r e a c h c o m p l e t e m a t u r a t i o n and , in p a r t i c u l a r , the 
d i s t r i b u t i o n of m a t u r a t i o n t i m e s a r o u n d t h a t a v e r a g e . 

B e s i d e s n, t h e s y s t e m of E q u a t i o n 8 s t i l l c o n t a i n s s e v e n u n s p e c i f i e d 
c o n s t a n t s , n a m e l y 

a, a , ^ , e , d, c, and e^ 

To d e t e r m i n e t h e m , o r a t l e a s t t h e i r o r d e r s of naagni tude , we c a n u s e sonae 
i n f o r m a t i o n c o n t a i n e d in P a t t ' s paper^^ / on the s t e a d y s t a t e s of p r o l i f e r a t i n g , 
d i f f e r e n t i a t i n g , and m a t u r e c e l l s . 

L e t Ai d e n o t e the s t e a d y s t a t e v a l u e s of Ni (i = 0, 1, 2, ••• n ) . We 
m a y , in g e n e r a l , ob t a in t h e m f r o m the two e q u a t i o n s 



aAo + wAj^ = /3 

t A o =: dAoAn + e^^A^^ 

s i n c e 

c A , =• cA:, : A j ^ _ i - ^ n ^ n 

(9) 

(10) 

(11) 

In a p l o t of A n ^Ig A Q , E q u a t i o n 10 r e p r e s e n t s a n e q u i l a t e r a l h y p e r . 

b o l a , a n d E q u a t i o n 9 a s t r a i g h t l i n e of s l o p e - jj- a n d i n t e r c e p t ^ ( s e e 

F i g u r e 14) ; t h e s t e a d y s t a t e s a r e g i v e n b y t h e i n t e r s e c t i o n of t h e s e t w o 

c u r v e s . 

Figure 14 

We s h a l l s u p p o s e t h a t a , a , a n d /3 a r e p o s i t i v e ; t h e s t r a i g h t l i n e 
( E q u a t i o n 9) w i l l t h e n h a v e n e g a t i v e s l o p e a n d p o s i t i v e i n t e r c e p t . F i g u r e 14 
s h o w s t h a t t h e r e w i l l b e o n e a n d o n l y o n e s t e a d y s t a t e i n t h e p o s i t i v e q u a d ­
r a n t (AO > 0 , A n > 0 ) . ( C l e a r l y , n e g a t i v e v a l u e s of t h e A i ' s a r e n o t 

a c c e p t a b l e •) 

In a d d i t i o n , t h e s e t of v a l u e s 

Ao = A j = A2 (12) 

a l w a y s c o n s t i t u t e s a p o s s i b l e s t e a d y s t a t e , a s c a n b e s e e n f r o n a E q u a t i o n 8 . 
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E q u a t i o n 4 s h o w s tha t the r a d i a t i o n effect i s con t a ined in the 
p a r a m e t e r [D. Our a s s u m p t i o n then i s tha t p h a s a c e r t a i n p o s i t i v e v a l u e , 
s ay /SQ, in the a b s e n c e of r a d i a t i o n , and tha t /3 d e c r e a s e s to z e r o a s I i s 
g r a d u a l l y i n c r e a s e d . F u r t h e r i n c r e a s e in I wi l l c a u s e /3 to beconae n e g a ­
t i v e , in wh ich c a s e the s y s t e m of E q u a t i o n 8 wi l l t end to the s t e a d y s t a t e 
spec i f i ed by E q u a t i o n 12. 

F r o m t h i s p i c t u r e we m a y ob ta in a r o u g h e s t i m a t e of JBQ by e x p e r i ­
m e n t a l l y d e t e r m i n i n g the s m a l l e s t va lue of KI which d e s t r o y s p r a c t i c a l l y 
a l l of the c e l l s . F o r s i m p l i c i t y we a s s u m e tha t the quan t i ty ^I i s t i m e -
i n d e p e n d e n t ; f r o m a v a i l a b l e r a d i o b i o l o g i c a l i n f o r m a t i o n we t e n t a t i v e l y 
adop t the v a l u e s 

fc ~ 0.01 r"^ (13) 

/3o ~ 1 day"^ . (14) 

Having t h u s e s t i naa t ed j3 (or r a t h e r / 3 Q ) , we now t u r n ou r a t t e n t i o n to 
the s t e a d y - s t a t e v a l u e s in P a t t ' s p a p e r . i l / j ^o r the t i m e be ing we a r e c o n ­
s i d e r i n g onL ' t he c a s e of g r a n u l o c y t e s in m a n . 

P a t t ' s T a b l e 1̂  ' shows tha t the n u m b e r of c e l l s p r o d u c e d u n d e r 
s t a t i o n a r y c o n d i t i o n s i s 196.8 x 10^ p e r d a y . In the s t e a d y s t a t e t h i s naust 
be equa l to any of the q u a n t i t i e s wh ich a p p e a r in ou r E q u a t i o n 11 so tha t , in 
p a r t i c u l a r , we have 

^ n ^ n = ^^^'^ X 10" c e l l s p e r day . (15) 

On page 783 of P a t t ' s p a p e r we find tha t 25 x lO ' c e l l s a r e d e t e c t a b l e in the 
c i r c u l a t i o n of s t a n d a r d m a n , but t ha t t h e i r n u m b e r in the e n t i r e body o u t s i d e 
the m a r r o w i s e s t i m a t e d to be abou t 70 t i m e s g r e a t e r . 

A c c o r d i n g l y , we s h a l l t a k e 

An = 70 X 25 X 10^ 
(16) 

= 1,750 X 10^ c e l l s 

F r o m E q u a t i o n s 15 and 16 we t h e r e f o r e ob t a in en^ 

196.8 „ , , , : , , 

"^ " 17750 " ° ' ^ ^ ^""^^"^ • ^̂ ^̂  

F i n a l l y , if we put 

S(t) = Ni(t) + N2(t) + . " . . + Nn . i ( t ) (18) 

http://paper.il/
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and 

n-1 
So= 2] A- , (19) 

i = l 

w e m a y t a k e SQ t o b e t h e o v e r - a l l s t e a d y s t a t e v a l u e of d i f f e r e n t i a t i n g c e l l s . 
O n c e a g a i n w e r e f e r t o P a t t ' s T a b l e 1; t h e r e t h e n u m b e r of d i f f e r e n t i a t i n g 
c e l l s i s g i v e n a s 5 1 2 . 5 x l O ' . T h u s w e m a y p u t 

So = 5 1 2 . 5 x 1 0 ' . (20) 

F r o m t h a t s a m e t a b l e w e o b t a i n 1 0 2 . 5 x 10^ f o r t h e n u m b e r of p r o ­
l i f e r a t i n g c e l l s , s o t h a t 

Ao = 1 0 2 . 5 X 1 0 ' , (21) 

F u r t h e r m o r e , i t i s c l e a r f r o m E q u a t i o n s 11 a n d 19 t h a t w e n a u s t h a v e 

_So_ 
n - 1 

A i = A 2 = • . . = A n „ i = # \ , (22) 

a n d t h e r e f o r e , 

^ n ^ n , , , 1 9 6 . 8 , , „ . 
c = _ ™ = ( n - l ) ^ ^ ^ • ^ " ) 

If w e p u t n = 10 (a c a s e w e h a v e e x a m i n e d ) , w e o b t a i n f r o m E q u a t i o n 2 3 

c = 3 . 4 5 6 d a y s - ^ . (24) 

W e h a v e t h u s b e e n a b l e t o f i n d a p p r o p r i a t e v a l u e s of e n a n d c . In t h e 
f o l l o w i n g i t w i l l b e c o n v e n i e n t t o i n t r o d u c e t h e q u a n t i t i e s 

X = ~ > 0 (25) 

a n d 

, - ^ ^ > i . (26) 

The remaining four constants, a, ct, e, d, can now be obtained from 
Equations 9 and 10 in terms of the known quantities AQ, AQ, ^O> en> and the two 
unknown parameters X, jd. We have, in fact: 
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a = Xa , (28) 

^ = r . - ^ • '̂ " 

e = dMAn . (30) 

It appea r s , therefore , that,, util izing Pa t t ' s exper imenta l data, the 
main p rope r t i e s of our differential Equations 8 can be studied, provided we 
ass ign values to the three unknown p a r a m e t e r s n. A, and /i. In p rac t i ce , of 
course , we shall let the p a r a m e t e r s vary , and invest igate under what c i r ­
cumstances the nnodel will co r rec t ly s imula te the exper imenta l s i tuat ions . 
Some of the fea tures we should requ i re of our sys tem have been mentioned 
in the previous report .^ / 

We have begun the p a r a m e t e r studys using the PACE analog computer 
avai lable at the ANL Applied Mathemat ics Division. We a r e great ly indebted 
for help and advice to that Division, in pa r t i cu la r to Dr . N. F . Morehouse 
and his group. 

Our main concern at this t ime is in deternaining the exis tence of a 
stable steady state for a given set of p a r a m e t e r s and for all posit ive values 
^fT</3o. 

Perhaps the mos t accura te way of dealing with this p rob lem would be 
to l inear ize the Equations 8 in the neighborhood of a steady s ta te , and then 
invest igate the cha rac t e r i s t i c equation; we find, however, that for our pu r ­
poses we obtain sufficient information by solving the nonlinear equations 
d i rec t ly on the computer . 

P r e l i m i n a r y studies with n = 2 and n = 10 indicate that the requ i red 
steady state does not always exis t . The sys tem of Equation 8 will in many 
ca se s pe r fo rm undamped osci l la t ions of la rge ampli tude (limit cyc les ) . 

This is not unexpected: the p r e sence together of a la rge feedback 
b i r th t e r m and a considerable t ime delay between b i r th and matu r i ty (both 
indicated by exper imenta l and cl inical evidence) will cause any such sys tem 
to be at best conditionally stable, i .e . stable only for ce r ta in values of the 
p a r a m e t e r s . We may expect to find that s tabil izat ion of the p r e sen t model 
sys t em can be achieved only for ca ses in which some of the p a r a m e t e r 
values a r e un rea l i s t i c . The behavior of the p resen t model and of modifica­
tions will be d i scussed in future comraunicat ions . 
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U P T A K E O F M I C R O N U T R I E N T E L E M E N T S BY SET ARIA 
IN R E L A T I O N TO A V A I L A B L E BORON 

Wayne J . M c l l r a t h , * J a n A. D e B r u y n , * and John Skok 

The l e v e l of a v a i l a b l e b o r o n h a s b e e n reported^•'•/ to in f luence the 
u p t a k e and a c c u m u l a t i o n of v a r i o u s o t h e r m i n e r a l e l e m e n t s in d i c o t y l e d o n o u s 
p l a n t s . We have been c o n c e r n e d wi th o b s e r v e d d i f f e r e n c e s b e t w e e n 
d i c o t y l e d o n o u s and m o n o c o t y l e d o n o u s p l a n t s wi th r e s p e c t to b o r o n 
r e q u i r e m e n t s and to the d i s t r i b u t i o n and c h e m i c a l f o r m of b o r o n in 
v a r i o u s c e l l u l a r f r a c t i o n s . T h i s r e p o r t d e s c r i b e s e x p e r i m e n t s c a r r i e d 
out to d e t e r m i n e the effect of b o r o n on the up t ake of four m i c r o n u t r i e n t 
e l e m e n t s ( F e , Cu, Mn and Mo) in a m o n o c o t y l e d o n o u s p l an t , t he g r a s s 
S e t a r i a s p a c e l a t a . 

P l a n t s w e r e g rown in q u a r t z sand and w e r e supp l i ed wi th c o m p l e t e 
n u t r i e n t s o l u t i o n s con ta in ing e i t h e r 0, 0 . 0 0 1 , 0 .005 , 0 . 0 1 , 0 .05 , 0 . 1 , 0 . 5 , 
1, 5, 10, 100, o r 200 p p m b o r o n . T h e y w e r e h a r v e s t e d a f t e r a g r o w t h 
p e r i o d of about s e v e n m o n t h s . S p e c t r o g r a p h i c a n a l y s e s of b o r o n and 
the o t h e r four m e n t i o n e d m i c r o n u t r i e n t e l e m e n t s w e r e m a d e on 
r e p l i c a t e d a s h s a m p l e s p r e p a r e d f r o m o v e n - d r i e d p l an t s h o o t s . 

The p l a n t s r e c e i v i n g no b o r o n showed no n o t i c e a b l e b o r o n d e f i c i e n c y 
s y m p t o m s . Such s y m p t o m s can be e a s i l y o b t a i n e d v^ithin a few d a y s in m o s t 
d i c o t y l e d o n o u s p l a n t s g r o w n in s and . HoAvever, g r a s s e s a r e knov/n to h a v e 
a v e r y low r e q u i r e m e n t for b o r o n , and the sand a p p a r e n t l y c o n t a i n e d 
suf f ic ien t b o r o n a s a c o n t a m i n a n t to supp ly n e e d s for g r o w t h in t h i s p l a n t . 
Sl ight v i s u a l e v i d e n c e of t o x i c i t y s y m p t o m s o c c u r r e d a t 5 p p m b o r o n 
but t h e s e w e r e not a c c o m p a n i e d by s ign i f i can t r e d u c t i o n in d r y w e i g h t . 
M a r k e d t o x i c i t y and r e d u c t i o n of d r y weigh t o c c u r r e d at a l l l e v e l s o v e r 
10 p p m b o r o n . 

Within the non tox i c r a n g e s , the l e v e l of a v a i l a b l e b o r o n h a d no 
s ign i f i can t e f fec t s on t o t a l d r y we igh t , a s h con ten t , o r con ten t of 
m i c r o n u t r i e n t e l e m e n t s (exc lud ing b o r o n i t s e l f ) . At t h e h igh ly t o x i c 
b o r o n l e v e l s , r e d u c t i o n in d r y we igh t w a s a c c o m p a n i e d by an i n c r e a s e 
in p e r c e n t a g e a s h . 

The effect of v a r i a t i o n in a v a i l a b l e b o r o n on the m i c r o n u t r i e n t e lenaent 
con t en t , t hen , d i f f e r s in m o n o c o t s and d i c o t s i whi le i t h a s b e e n shown to 
r e s u l t in p r o n o u n c e d c h a n g e s in s e v e r a l d i c o t y l e d o n o u s p l a n t s , no such 
e f f ec t s w e r e p r o d u c e d in S e t a r i a . 

* D e p a r t m e n t of B o t a n y , The U n i v e r s i t y of C h i c a g o . 
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PHOTOPERIODIC BEHAVIOR OF SUNFLOWER 

John Skok. Hubert J. Dyer* and N. J. Scully 

Comparat ively l i t t le detailed information has been repor ted on 
photoperiodic r e sponses of sunflower, and flowering in this plant has 
been genera l ly thought to be independent of day length. Elongation of 
sunflower s tem was found by Downs et_ aJ.^ ' to be regulated by the 
same photoreact ion, i .e . , photorevers ib i l i ty by red and f a r - r e d light, 
that is responsible for elongation of s t ems of numerous other p lants , 
as well as for the control of many other l ight-dependent r e sponses 
including photoperiodic control of flowering. It was observed 
independently he re and at Brown Univers i ty that sunflower responds to 
photoperiod and appeared to be of the shor t -day type. The response 
has therefore been invest igated in more detail in a cooperat ive study 
c a r r i e d out at both l abora to r i e s 

Mamnnoth Russian sunflower plants Avere grown under var ious 
photoperiods and under t r e a t m e n t s in which the daily dark per iods were 
in ter rupted with light per iods Data on the flowering response were 
obtained by record ing the p resence of macroscop ic f lowers or flower 
buds , and also by mic rod i ssec t ion of the t e rmina l buds to de te rmine 
effects on initiation of f loral p r i m o r d i a . The vegetative m e r i s t e m of 
sunflower is perfect ly flat, the ea r l i e s t noticeable morphogenic change 
assoc ia ted with flowering is a mounding of the flat m e r i s t e m . The 
mounding then continues and is accompanied by considerable en l a rge ­
ment; finally individual flower pr i rnordia a r e produced. 

The r e su l t s of all the exper iments confirmed our impres s ion that 
sunflower is a shor t -day type of plant it will flower under a wide range 
of photoperiodic conditions, including excess ive ly long days (as long as 
20 hr) and even a reg ime in which the daily dark per iods a r e in te r rupted 
by one-hour light pe r iods , if it is pe rmi t t ed to grow for a sufficiently 
long per iod. However, short photoperiods promote flowering, both by 
hastening the initiation of flower p r i m o r d i a and by hastening the 
development of p r imord i a into macroscop ic f loral s t r u c t u r e s . Interrupt ion 
of the dark per iods by light i s effective m inhibiting both the initiation 
of flower p r i m o r d i a and the development of p r imord i a into macroscop ic 
f loral s t r u c t u r e s . 

In sunflower the re is not onlv an unusually wide range of 
photoperiodic conditions under which flowering may take p lace , but 
also an unusual amount of var iabi l i ty m the t ime of flowering among 
individual plants in a given population. This may be re la ted to a 
matura t ion r equ i remen t (vegetative growth requ i rement for flowering), 

Depar tment of Botany, Brown Universi ty , Providence , Rhode Island. 



pointed out by Habermann and Wallace,'>' ' which mus t be met before 
flowering can occur . 
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THE MITOTIC SPINDLE AND CHROMOSOMES AS SEEN UNDER 
THE INTERFERENCE MICROSCOPE 

Arlene Longwell* and Miguel Mota* 

The mitot ic spindle has always been the mos t mys te r ious entity of 
mi tos i s although i ts impor tance has long been recognized. Because it 
cannot be stained with any of the dyes comixionly used in cytology it has 
been called the achromat ic spindle. The p resence and exact shape of the 
spindle has always been m o r e or l e s s poorly defined and i ts boundar ies 
have been difficult to a sce r t a in All of this resu l ted in a g rea t con t roversy 
which included even the hypothesis that the so-cal led achromat ic spindle 
did not exis t . Mazia and Dan,!-'--' however , by isolating the mitot ic appara tus 
(spindle, a s t e r s and chromosomes) in sea urchin eggs conclusively 
demons t ra ted the exis tence of the achromat ic spindle and contributed some 
knowledge of i t s chemical coinposit ion. 

Chromosomes , on the other hand, have great affinity for acid dyes 
(a p rope r ty from which they der ive thei r name) and m genera l p resen t no 
problem from th is point of view. Although much r ema ins to be invest igated, 
the morphology of the ch romosomes is known in considerable deta i l . 
Knowledge of the i r number , length, cons t r ic t ions , points of ch iasma, and so 
forth, enables us to study thei r behavior with g r e a t e r facility than is poss ible 
for the spindle. 

Of the m o r e recent tools used m cytology, the phase cont ras t 
mic roscope resu l ted in ve ry l i t t le new information concerning the mitot ic 
spindle. However, it demons t ra ted the shape of the space occupied by the 
spindle, especia l ly in living ce l l s , by showing the mitochondria a r r anged 
around it. Unstained ch romosomes as seen with the phase mic roscope do 
not differ essen t ia l ly from the pic ture obtained in the o rd ina ry mic roscope 
with stained p r e p a r a t i o n s . The polar iza t ion mic roscope , with the ref inements 
introduced by Inoue, has been valuable m showing that the spindle p r e s e n t s 
a posit ive birefr ingence and i s , the re fore , composed of or iented molecu les . 
The in te r ference mic roscope , a re la t ive ly recent developinent, p r e s e n t s new 
poss ib i l i t i e s . 

With the in ter ference mic roscope , smal l differences in the dry m a s s 
of p a r t s of individual ce l l s show up as differences in color when white light 
is used, and as differences in in tensi ty when monochromat ic light is used. 
This is a consequence of the re la t ionship between the concentrat ion of the 
solids in the cel l and the phase changes undergone by the light which p a s s e s 
through the object. The two-beam in ter ference mic roscope opera te s to 
t r an s l a t e the invisible phase changes to differences m intensi ty or in color . 

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



This is accomplished by the optical formation of an in ter ference effect 
between two b e a m s , one of which has not passed through the object and the 
other of which has passed through the object and has been modified by 
it.l^) The phase difference between the two interfer ing beams can be 
var ied , enabling one to m e a s u r e the optical path differences of the 
light through the object, as compared to the inounting medium. By 
varying the phase difference between these two beams it is possible 
to choose the type of cont ras t , color or intensi ty best suited for a 
study of the pa r t i cu la r detai l being observed. The color or intensity 
of a pa r t i cu la r point in a cel l as seen in the in ter ference mic roscope 
is dependent on the difference between the product of the refract ive 
index and th ickness of that region on the one hand, and the refract ive 
index of the mounting medium on the other hand. By varying the 
ref ract ive index of the mounting media , cont ras t within the cell can 
be grea t ly a l te red so as to show a maximum or a minumum degree 
of detail e i ther in the nucleus or m the cytoplasm. The usefulness of 
the in te r ference mic roscope m the study of the mitot ic spindle has a l ready 
been shown by Mitchison and Swann^^^ and Rustad I'*) 

Meiosis was studied in wheat, Tradescan t ia , corn and g rasshopper . 
The spindle is desc r ibed for plant m a t e r i a l . The ma te r i a l was fixed in 
Carnoy ' s solution and mounted in acetic acid m concentrat ions ranging 
from 45% to 5.0%, and in dis t i l led water . Other mounting media and living 
m a t e r i a l a r e being invest igated and will be repor ted on l a t e r . Both the 
Cook-Dyson and the A-O Baker i n t e r f e r o m e t e r s were used. The following 
is a p r e l im ina ry repor t ; color m i c r o g r a p h s , optical path re ta rda t ion and 
d ry m a s s e s t ima te s will be included in a m o r e detailed r epor t on the 
coinplete study. '^j 

F r o m mid- to late prophase of the f i r s t meiot ic division in wheat 
m i c r o s p o r o c y t e s , the nucleus appears surrounded by a differentiated zone 
probably s imi la r to the "c lear zone" descr ibed by Bajer i") in living 
endospernn ce l l s . It shows a higher specific m a s s than the r e s t of the 
cytoplasm and s e e m s to grow until l a te r prophase or p rometaphase when 
it b r eaks down. The l a te r the stage of p rophase , the c lose r the ring appears 
to the nuclear m e m b r a n e . The re is no concentrat ion gradient between the 
nuclear nnembrane and this dense ring as would be expected should this 
m a t e r i a l be coming from the nucleus It i s poss ible then that the m a t e r i a l 
is cytoplasmic in origin, and that it approaches and touches the nuclear 
m e m b r a n e in late prophase because of growth of the r ing and growth of the 
nucleus and poss ib ly even because of movement of the r ing towards the 
nucleus . In p ro -me taphase I in corn and wheat, the ch romosomes lie in 
a m a s s of higher densi ty than the r e s t of the cytoplasm, and only remnants 
a r e evident of the dense ring ^vhich at e a r l i e r s tages had surrounded the 
nuc leus . It i s poss ib le that the m a t e r i a l forming the ring gives r i s e to 
th is m a s s of higher densi ty, or at least makes a substant ial contribution 



to i t , and tha t t he sp ind le t h u s a r i s e s f r o m t h i s r e g i o n of i n c r e a s e d m a s s . 
T h e r e i s no e v i d e n c e of f i b e r s in t h e d e n s e p r o - m e t a p h a s e r e g i o n of the 
c y t o p l a s m . 

When the c h r o m o s o m e s a r r a n g e t h e m s e l v e s m the e q u a t o r i a l p l a t e , 
t he sp ind le a p p e a r s c o m p o s e d of the sp ind le f i b e r s and a m o r e u n i f o r m m a s s 
in w h i c h t h e s e a r e i m b e d d e d . The d e n s i t y of t h i s t n a s s i s s l i gh t l y l o w e r 
t h a n t h a t of the c y t o p l a s m . The f i b e r s o r g r o u p s of f i b e r s , on c o n t r a r y , 
show a c o n s i d e r a b l y h i g h e r d e n s i t y t h a n the c y t o p l a s m , and a p p e a r d o u b l e ; 
s o m e of t h e m a r e a t t a c h e d to the c h r o m o s o m e s . 

In c o r n , w-here the c h r o m o s o m e s a r e r e l a t i v e l y s m a l l c o m p a r e d to t h e 
s i z e of the c e l l , the sp ind le a t l a t e m e t a p h a s e o r in m i d - a n a p h a s e sho^ws 
two p o l e s a t e i t h e r s ide of t h e e q u a t o r i a l p l a t e , a s if a s h o r t e r and a 
l o n g e r sp ind le w e r e s u p e r i m p o s e d . The c h r o m o s o m e s s e e m to r e a c h on ly the 
n e a r e r po le and do not m o v e on to the f a r t h e s t p o l e . In l a t e a n a p h a s e the 
r e g i o n b e t w e e n t h e t-wo g r o u p s of d a u g h t e r c h r o m o s o m e s a l s o sho-ws f i b e r s . 
The r e g i o n b e t w e e n t h e s e f i b e r s i s e q u i v a l e n t m d e n s i t y to the c y t o p l a s m . 
The f i b e r s a r e c l e a r l y d e n s e r , a l m o s t a p p r o a c h i n g the d e n s i t y of the 
c h r o m o s o m e s . F r o m t h i s s t a g e to l a t e t e l o p h a s e the d e n s i t y of the r e g i o n 
b e t w e e n t h e two d a u g h t e r nuc le i i n c r e a s e s un t i l i t g r e a t l y e x c e e d s the 
d e n s i t y of the r e s t of t h e c y t o p l a s m In the e q u a t o r of t h i s r e g i o n a t h in 
band of s t i l l h i g h e r m a s s d e v e l o p s l a t e r to f o r m t h e ne^v c e l l w a l l . T h i s 
i n c r e a s e in i n a s s in the r e g i o n bet^veen the two a n a p h a s e g r o u p s i s in good 
a g r e e m e n t wi th t h e fac t t h a t m s o m e c a s e s r i b o n u c l e o p r o t e i n s h a v e b e e n 
d e t e c t e d in tha t r e g i o n a f t e r a n a p h a s e ^ -' Should t h i s i n c r e a s e in m a s s 
r e s u l t f r o m m a t e r i a l r e l e a s e d f r o m t h e c h r o m o s o m e s , it would s u p p o r t t he 
h y p o t h e s i s t ha t t he m o v e m e n t of t h e c h r o m o s o m e s m a n a p h a s e r e s u l t s f r o m 
the r e l e a s e of s o m e s u b s t a n c e f r o m the c h r o m o s o m e s . 1 ° ) 

By i n c r e a s i n g the r e f r a c t i v e i n d e x of t h e m e d i u m un t i l it a p p r o a c h e s 
t h a t of t h e c y t o p l a s m , it i s p o s s i b l e to m a k e t h e c y t o p l a s m a p p e a r 
p r a c t i c a l l y i n v i s i b l e , and the c h r o m o s o m e s a p p e a r m u c h b e t t e r de f ined . 
In T r a d e s c a n t i a the m a j o r co i l i s c l e a r l y s e e n , and the sp ind le a t t a c h m e n t 
r e g i o n s a r e we l l de f ined and qui te c o n s p i c u o u s . Wheat c h r o m o s o m e s 
a p p e a r the s a m e a s m s t a i n e d p r e p a r a t i o n s , showing tha t no i m p o r t a n t 
a r t i f a c t i s i n t r o d u c e d by s t a i n i n g . In g r a s s h o p p e r s p e r m a t o c y t e s the four 
c h r o m a t i d s in d i p l o t e n e a r e so c l e a r l y s e e n tha t c r o s s i n g o v e r c a n be 
a n a l y s e d at l e a s t a s we l l a s in s t a i n e d p r e p a r a t i o n s . M e t a p h a s e c h r o m o ­
s o m e s a r e a l s o s e e n a s in s t a i n e d p r e p a r a t i o n s wi th t h e a d v a n t a g e o v e r 
t h e p h a s e m i c r o s c o p e t h a t t h e y a p p e a r in c o l o r d i f f e r en t f r o m t h a t of the 
s u r r o u n d i n g m e d i u m , m a k i n g d i f f e r e n t i a t i o n m u c h c l e a r e r . 
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T H I R T Y - D A Y SURVIVAL O F F E M A L E MICE AND RATS GIVEN SINGLE, 
WHOLE-BODY E X P O S U R E S T O FISSION NEUTRONS 

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

S e v e r a l e x p e r i m e n t s have b e e n c a r r i e d out o v e r the p a s t 2 y e a r s 
to a s c e r t a i n the L D C Q / - j n of C F No. 1 f e m a l e m i c e g iven w h o l e - b o d y 
e x p o s u r e s to f i s s i o n n e u t r o n s at t he C P - 5 r e a c t o r . A s i m i l a r s tudy w a s 
m a d e with S p r a g u e - D a w l e y f e m a l e r a t s . The r e s u l t s a r e r e p o r t e d h e r e . 

F i g u r e 15 shows the p r o b i t r e g r e s s i o n of m o r t a l i t y on d o s e for 
474 m i c e e x p o s e d to a dose r a n g e of 276 -375 r a d s of f i s s i o n n e u t r o n s at 
a dose r a t e of 7-8 r a d s p e r m i n . The LDgg/3Q w a s 323 + 5 r a d s . T a b l e 12 
g ives the d e t a i l s of t h e s e e x p o s u r e s . 
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Figure 15. Effect of dose on cumulative mortality in neutrou 
irradiated mice and rats. 

The d a t a in F i g . 15 and Tab le 13 i n d i c a t e t ha t the 3 0 - d a y m e d i a n 
l e tha l dose for the r a t s w a s a p p r o x i m a t e l y 380 r a d s . 



TABLE 12 

Mortali ty after single exposures 
of female CF No. 1 mice to fission neutrons 

at C P - 5 . Dose ra te = 7-8 r a d s / m i n . (Reactor at 2000 kw.) 

T o t a l 
dose , 
r a d s 

276 
316 
327 
340 

351 
361 
375 

T i m e 
of 

e x p o s u r e , 
m i n 

4 8 
42 

4 0 - 6 5 
4 5 - 4 8 
47 -55 
46-60 
48-60 

No. of m i c e 
e x p o s e d 

36 
38 

171 
35 
86 
52 

56 

30 

N o 

- d a y m o r t a l i t y 

. dead % 

2 5.8 
23 60.6 
83 48.5 
30 85.7 
70 81.4 
47 90.4 
56 100.0 

TABLE 13 

Single exposures of female Sprague-Dawley ra t s to fission 
neutrons at C P - 5 . Dose ra te = 3.6 r a d s / m i n . (Reactor at 1000 kw.) 

Tota l 
dose^ 
r a d s 

216 
Z88 
324 
360 
396 

U n i r r a d i a t e d 
c o n t r o l s 

T i m e of 
e x p o s u r e , 

m i n 

60 
80 
90 

100 
110 

No. of 
r a t s 

i r r a d i a t e d 

18 
18 
18 
18 
18 

10* 

30-day m o r t a l i t y 

No. 
dead 

0 
0 
1 
6 

11 

-

% 

0 
0 

5 .5 
33.3 
61.1 

Mean s u r v i v a l 
t i m e of 
3 0 - d a y 

s u r v i v o r s , * * 
d a y s 

40 7 
4 3 6 
470 
4 1 2 
460 

*2 of 10 unir radia ted controls still alive 920 days after exposure date. 
Mean after survival t ime will exceed 810 days . 

**33 of 70 r a t s , surviving past 30 days, had large m a m m a r y tumors 
(somet imes mult iple) . All the neu t ron- i r rad ia ted r a t s had 
complete (Grade IV) ca ta rac t s within 1 year . 
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RADIATION P R O T E C T I O N E X P E R I M E N T S IN MICE 
E X P O S E D TO FISSION NEUTRONS 

II. C o m b i n a t i o n T h e r a p y with C y s t e i n e P r e i r r a d i a t i o n and with 
Bone M a r r o w C e l l s and S t r e p t o m y c i n P o s t i r r a d i a t i o n 

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

The add i t ive and p e r h a p s s y n e r g i s t i c p r o t e c t i v e ac t ion of i n t r a v e ­
nous b o n e - m a r r o w c e l l s and the an t ib io t i c s t r e p t o m y c i n h a s been d e m o n ­
s t r a t e d for C F No. 1 f e m a l e m i c e e x p o s e d to s ing le l e t ha l d o s e s of f i s s i o n 
n e u t r o n s . ( 1 ' 2 ) P r e v i o u s e x p e r i m e n t s f r o m th i s l a b o r a t o r y i n d i c a t e d tha t 
p r e t r e a t m e n t of n e u t r o n - i r r a d i a t e d m i c e with c y s t e i n e e f fec t ive ly r e d u c e d 
the r a d i a t i o n dose by a p p r o x i m a t e l y 7-8%.(3) It s e e m e d p r o b a b l e , t h e r e ­
f o r e , tha t the t h r e e a g e n t s in c o m b i n a t i o n m i g h t p r o d u c e e v e n b e t t e r p r o ­
t e c t i o n than the two u s e d p r e v i o u s l y , and should a l low e x p e r i m e n t s at 
d o s e s in the s u p r a l e t h a l r a n g e . 

A p r e l i m i n a r y e x p e r i m e n t w a s c a r r i e d out to t e s t the e f f ec t i venes s 
of c y s t e i n e g iven i n t r a p e r i t o n e a l l y r a t h e r than i n t r a v e n o u s l y a s in a l l o u r 
p r e v i o u s work . (3 ) Since the bone m a r r o w c e l l s a r e m o s t effect ive when 
i n j ec t ed into a ve in a f t e r i r r a d i a t i o n , it w a s hoped tha t a n o t h e r r o u t e could 
be u s e d for the c y s t e i n e in j ec t ion be fo re n e u t r o n e x p o s u r e . The r e s u l t s of 
t h i s e x p e r i m e n t ( F i g u r e I6) i n d i c a t e d tha t the c y s t e i n e g iven by th i s r o u t e 
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Figure 16 

The effect of cysteine on cumulative mortality 
in neutron-irradiated mice. The radiation dose 
was 350 rads. Figures in parenthesis represent 
numbers of animals. 
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was effective. Mice given 0.5 cc of a 10% cysteine solution (pH 7-8, 
1800 mg/kg body weight) exhibited apparent dose reductions in this same 
range as previously reported.*(3) 

The three t r ea tments were therefore combined as follows. Cysteine 
was injected in t raper i toneal ly before neutron exposure . These i r rad ia ted 
animals were then given 0.1 cc of bone m a r r o w cel ls (from other female 
mice of the same s t ra in) , by injection into a tail vein within a few hours 
after i r radia t ion; the bone m a r r o w technique was that descr ibed in a p r e ­
vious report .(1) The mice were also given a daily dose of 0.5 cc s t rep to­
mycin subcutaneously for a 10-day period after exposure . 

Other neu t ron- i r rad ia ted mice received an injection of water as a 
p re i r rad ia t ion control for the cysteine. After i r rad ia t ion these animals 
received 0.1 cc Tyrode ' s solution (the bone m a r r o w vehicle) and daily in­
jections of 0.5 cc saline solution. This group constituted the neutron-
i r rad ia ted , untreated controls . 

Data for a s e r i e s of 4 exper iments a re summarized in Table 14 
and i l lus t ra ted graphical ly in Figure 17. It is c lear from these data that we 
a r e dealing with supralethal doses of fission neut rons , since only 1 of the 
control mice (out of 53) survived the lowest exposure , and all the controls 

TABLE 14 

Effects of combination the rapy (cysteine, bone m a r r o w ce l l s , and s t reptomycin) 
on 30-day mor t a l i t y in mice exposed to supra le tha l doses of f iss ion neut rons* 

Expe r imen t 

A 

B 

C 

D 

Four 
expe r imen t s 

combined 

Durat ion of 
i r r ad ia t ion , 

m.in 

50 

50 

55 

60 

50-60 

Total 
dose , 
r a d s 

335 

335 

370 

400 

335-400 

Neut ron-
i r r a d i a t e d 

control 
mice 

No. dead 
No. exposed 

3 1/3 2 

8 / 8 

7 / 7 

6/6 

52/53 

% 

96 

100 

100 

100 

98 

Neutron-
i r r ad i a t ed 

t r ea t ed 
mice 

No. dead 
No. exposed 

1/32 

1/16 

1/16 

3/16 

6/80 

% 

3 

6 

6 

18 

7.5 

*Exposures to f iss ion neu t rons were c a r r i e d out at the C P - 5 r e a c t o r , opera t ing 
at 2000 kw. The dose r a t e w a s ~ 6 . 7 r a d s / m i n . 

*We should like to thank Dr. Rober t Straube for ass i s tance in these 
cysteine dosage exper iments . 



Figure 17 

Comparison of cumulative mortality, in 
the acute 30-day period following single 
exposure, between neutron-irradiated 
control mice and neutron-irradiated mice 
treated with cysteine, bone marrow, and 
streptomycin iujections. The dose range 
was 335-400 rads. This figure presents 
the combined results of the four experi­
ments in Table 14. Figures in parenthesis 
represent numbers of animals. 

' O 5 ID 15 20 25 30 
DAYS AFTER SINGLE EXPOSURE 

TO FISSION NEUTRONS 

died in the las t three exper iments . Under the exper imental conditions at 
the CP-5 r eac to r , an exposure of approximately 350 rads will kill at least 
95% of i r rad ia ted mice . Certainly the exposures C and D (370 and 400 rads) 
a r e well above the LD99/30 dose level . It is evident also from the resu l t s 
of these exper iments that the t rea ted mice a r e well protected. Only 6 out 
of 80 mice (7%) t rea ted with the t r ip le technique descr ibed above, died 
within the acute 30-day period. It is in teres t ing to point out that, in both 
experimental and control groups, all the morta l i ty in the acute period took 
place in the 10-12 days after exposure. 

There is some evidence that as the dose is increased , the protect ion 
becomes l e s s effective: half of the t rea ted mice that died were in the highest 
(400 rad) exposure group. Fur the r exper iments will be ca r r i ed out at even 
higher doses . 

F igures 18 and 19 give the body weight data for the various t rea ted 
groups. F igure 18 i l lus t ra tes the data for experiment A (Table 14), while 
Figure 19 compares the weights of the nnice in the other three exper iments , 
B - D. In all 4 groups there was a sharp decline in body weight for at 
leas t 4 days following exposure, but all of the t rea ted groups exhibited 
definite recovery with gains in average body weight, usually beginning b e ­
tween the 6th and 7th days after exposure . This is evidence, we believe, 
that the introduced bone m a r r o w cel ls have successfully been t ransplanted 
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in combination. Figures below the lines indicate the number of mice alive at that particu­
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Figure 19 

Comparisons of body weight in three groups of 
neutron-irradiated protected mice (Groups B, 
C, D) compared with untreated irradiated and 
unirradiated controls (compare with data in 
Figure 18 and Table 14). Figures in paren­
thesis represent numbers of animals. 
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into the hos t ' s blood-forming sys tem and a r e s t imulat ing hematopoiet ic 
r ecovery . However, cumulative mor t a l i t y curve for untreated neut ron-
i r r ad ia t ed mice (Figure 17) shows that at that t ime , one week after ex­
posure , more than 80% of the mice a r e dead. This suggests why bone 
m a r r o w cel ls alone are not very effective in mice exposed to lethal doses 
of f ission neutrons,I-'-) The antibiotic s t reptomycin helps to p ro tec t the 
inice from fatal bac t e r emia and sept icemia during the 10-day per iod 
following expo sure.(4) By this t ime the bone m a r r o w , ineffective against 
the intest inal syndrome, has taken over i ts protect ion of the mouse hema­
tological sys tem. The cysteine helps the ent i re protect ive p r o c e s s by 
reducing the total effective radiat ion dose by approximately 10%. 
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PRELIMINARY TESTS ON THE ACTIVITY OF CERBARTROL 
AS A POSSIBLE PROTECTIVE AGENT AGAINST 

RADIATION E F F E C T S IN MICE 

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

C e r b a r t r o l ® is a p ro te in- f ree and fat - f ree bone m a r r o w ex t rac t 
combined with mal ic acid.* Clinical t e s t s showed that it has some t h e r a ­
peutic value in rheumatoid a r t h r i t i s and o s t eoa r th r i t i s . ( l ' 2 ) P r e l i m i n a r y 
studies at the Universi ty of Bologna,(3 .4) suggested that the ex t rac t might 
be of some value in increas ing r ad io re s i s t ance in manamals . 

Two p r e l i m i n a r y exper iments were therefore undertaken. In the 
f i rs t , 32 mice were i r r ad ia t ed with 350 rads of fission neu t rons . Of these , 
the 8 unt rea ted controls all died within 21 days . The remain ing 24 i r r a ­
diated mice were divided into 3 groups and injected in t r amuscu la r ly with 
C e r b a r t r o l once daily for 1 week after exposure , at a dose of 0.05 cc, 
0,1 cc or 0.2 cc ,** There was no evidence of protect ion, A second, s imi lar 
exper iment was c a r r i e d out in mice exposed to 1068 rads Co y - r a y s , at 
10 r a d s / m i n , using doses of 0,1 and 0.2 cc . Resul t s of this exper iment 
were also completely negat ive; all mice died within 15 days . 

References 

1. Lucher in i , T. G. Tuccimei , Minerva Medica _2 (II) 60 (1951) cited in (3). 

2. Smith, L. W. Medical T imes 83: 851 (1955) cited in (3), 

3. Repor t on the pharmacologic act ivi t ies of Ce rba r t ro l , p r e p a r e d by 
Prof, Aldo C e s t a r i , Di rec to r of the Institute of Pharmacology , 
Univers i ty of Bologna, Italy. (Unpublished) 

4, Biological action of C e r b a r t r o l cor t icoid and co r t i co - t rop ic act ivi ty. 
Dr . A. Cas te l l i and Dr. A. M. Sechi, B iochemis t ry Inst i tute, 
Univers i ty of Bologna, Italy. (Unpublished) 

*We thank the Cerbin i R e s e a r c h Corporat ion, New Rochel le , N.Y., for 
supplying the C e r b a r t r o l for these exper imen t s . The m a t e r i a l was 
e i ther in the form of 1 cc ampuls for injection or in the form of pi l ls 
to be taken oral ly , 

**The m a t e r i a l was supplied in the form of 1 cc ampuls . The concen­
t ra t ion was not given. Doses h e r e were based on information supplied 
by the company indicating that 1 cc /day r e p r e s e n t e d an "average 
human dose . " 



RADIATION RECOVERY 

V. Recovery in I r rad ia ted Mice at One and Two Months after 
Exposure to Co 7 -Rays or F i ss ion Neutrons 

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

During the past severa l y e a r s , the Neutron Toxicity group has 
studied r ecovery in CF No. 1 female mice after exposure t o 7 - r a y s and 
to f ission neut rons . Prev ious ly we have repor ted the r e su l t s of e x p e r i ­
ments using pa i red equal doses and varying in tervals between exposures : 
a few minutes,i-*-) a few hours , t^) or 10 to 15 days.i^*'^) 

The exper iments repor ted he re in were ca r r i ed out using this same 
spl i t -dose technique, but extending the t ime between exposures to 1 and 
2 months . 

Co^° 7-Rays 

Twenty-eight Days between Exposures . The animals used were 
yo-ung adult CF No. 1 females , weighing 18 to 25 g. One group was i r r a ­
diated with 300 rads of Co y - r a y s , while another was exposed to 600 r a d s . 
One month (28 days) la ter these 2 groups , together with 2 groups randomly 
selected of uni r rad ia ted age-cont ro ls frora the same shipment, were ex­
posed to 850 rads of Co 7 - r a y s . This exposure should kill l e ss than 50% 
of the mice in 30 days when del ivered as a single."whole-body exposure , and, 
actually, approximately 40% of the 3xtice of each age-contro l group died in 
the acute 30-day period (Figure 20). The mice that had been i r rad ia ted 
28 days previously with 600 rads all died during the 30 days after their 
second exposure to 850 r a d s . The 300-rad group showed a 30-day mor ta l i ty 
of m o r e than 80%, significantly elevated from that of the s ing le - i r rad ia ted 
age-contro l groups (Figure 20). 

It is c lear from this exper iment that pa r t of the f i rs t dose is sti l l 
res idual (i .e. , r ecovery is not 100% coi-nplete) 28 days after 7 - r a y exposure 
when the f i rs t dose is approximately one- th i rd to two-thi rds of the LD50/30 
dose (900 rads Co^'' 7 - r ays ) . 

Sixty Days between Exposures . In this case , 2 groups were i r r a ­
diated with 596 rads C o ^ 7 - r a y s (approximately 2/3 LD50/30 dose) and 
60 days la ter these mice , together with 2 groups of age-con t ro l s , were 
exposed to a second dose of 890 or 930 r a d s , (approximately the LD50/30 
and LD30/30. respect ive ly , for single exposures to CF No. 1 female mice) . 
It -was es t imated that if even 5% of the dose from the f i r s t exposure was 
still r es idua l after the two-month period, 100% of the mice should die. The 
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Figure 20 

Cumulative mortality of CF No. 1 female mice 
irradiated with 850 rads Co^'^ y-rays, 28 days after 
previous exposure to either 300 tads or 600 rads. 
Compare mortality for each dose group with that of 
its age-control groups, i . e . , the mice receiving 
merely the single exposure of 850 rads; the dashed 
line represents the age-controls for the 300-rad 
group, the dotted line the age-controls for the 
600-rad group. Figures in parentheses give 
numbers of animals per group. 
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DAYS AFTER IRRADIATION 

r e su l t s of this experiment (Figure 21) indicate no significant difference in 
30-day xnortality between the i r rad ia ted mice and their age-cont ro l s . We 
may conclude, therefore , that no significant portion of the f i r s t y - r a y dose 
(596 rads) is r e s idua l after a 2-month per iod, a t leas t as m e a s u r e d by 
30-day mor ta l i ty . 
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Figure 21. Cumulative mortality of CF No. 1 female mice irradiated with Co^O y-rays: 890 rads (A) or 
930 rads (B), 2 months after a preliminary exposure to 596 rads. Each group is compared with 
its own age control which received only the single exposure of either 890 or 930 rads. Figures 
in parentheses give numbers of animals per group. 
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F i s s i o n N e u t r o n s 

T h i r t y - t h r e e Days b e t w e e n E x p o s u r e s . In F i g u r e 22 a r e c o m p a r e d 
the c u m u l a t i v e m o r t a l i t y d a t a for two g r o u p s of m i c e e x p o s e d to f i s s i o n 
n e u t r o n s . The e x p e r i m e n t a l g roup r e c e i v e d 160 r a d s e x p o s u r e , fo l lowed 
33 days l a t e r by a second e x p o s u r e of 340 r a d s . T h e s e should be c o m ­
p a r e d wi th the m o r t a l i t y of the a g e - c o n t r o l g r o u p of 32 m i c e , i r r a d i a t e d 
only once wi th 340 r a d s . The s e c o n d e x p o s u r e s for the two g r o u p s w e r e 
done s i m u l t a n e o u s l y . In e a c h g roup only one m o u s e s u r v i v e d the acu te 
p e r i o d (97% d e a t h s i n 30 d a y s ) . T h e r e i s no ev idence f r o m t h i s e x p e r i m e n t 
tha t any r e s i d u a l d o s e r e m a i n s f r o m the f i r s t l60 r a d s of f i s s i o n n e u t r o n s 
a f te r an i n t e r v a l of 33 d a y s . 
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Figure 22 

Cumulative fnortality of CF No. 1 female mice 
irradiated with 160 rads fission neutrons 
(approximately one-half LD50/30 dose) and, 
33 days later, exposed to a second dose of 340 rads. 
Compared with age controls exposed to a single 
dose of 340 rads fission neutrons. Figures in 
parentheses give numbers of animals per group. 
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DAYS AFTER EXPOSURE 

25 30 

Sixty Days b e t w e e n E x p o s u r e s . F i g u r e 23 s u m m a r i z e s the m o r t a l i t y 
da t a f r o m a s i m i l a r e x p o s u r e to sp l i t d o s e s of f i s s ion n e u t r o n s , c a r r i e d out 
at the C P - 5 r e a c t o r , wi th an i n t e r v a l of 2 m o n t h s b e t w e e n e x p o s u r e s . Mice 
e x p o s e d to 100 r a d s o r 185 r a d s 60 days p r i o r to a s econd e x p o s u r e to 
300 r a d s of f i s s i o n n e u t r o n s showed no i n c r e a s e in 3 0 - d a y m o r t a l i t y when 
c o m p a r e d to a g roup of age c o n t r o l s s i m u l t a n e o u s l y e x p o s e d to a s ing le 
d o s e of 300 r a d s . T h e r e i s even an ind i ca t i on ( s ince the m o r t a l i t y in both 
s p l i t - d o s e g r o u p s i s l o w e r t han tha t in the age c o n t r o l s ) t ha t the f i r s t d o s e 
of n e u t r o n s m i g h t be s l igh t ly " b e n e f i c i a l " a s m e a s u r e d by 3 0 - d a y m o r t a l i t y . 
At any r a t e , we m a y conc lude tha t 60 d a y s a f te r a f i r s t n e u t r o n dose ( f rom 
30% to 57% of the LD50/30 s ing le w h o l e - b o d y dose) t h e r e s e e m s to be no 
r e s i d u u m a s m e a s u r e d by the 3 0 - d a y acu t e m o r t a l i t y . 
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Figure 23 

Cumulative mortality of CF No. 1 female mice 
irradiated with 300 rads fission neutrons, 2 months 
after a preliminary exposure of 100 rads or 
185 rads of neutrons. Compared with age control 
group which was irradiated only once with 300rad 
dose. Figures in parentheses give numbers of 
animals per group. 
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R E C O V E R Y IN N E U T R O N - I R R A D I A T E D CHICK EMBRYOS 

H o w a r d H. Vogel , J r . 

In p r e v i o u s w o r k ( l ) it w a s e s t a b l i s h e d tha t a s ing le e x p o s u r e of 
a p p r o x i m a t e l y 450-650 r a d s of f i s s i o n n e u t r o n s w a s n e c e s s a r y to k i l l 
4 - d a y c h i c k e m b r y o s wi th in 6 h r a f t e r e x p o s u r e . 

Two e x p e r i m e n t s have r e c e n t l y been c a r r i e d out in o r d e r to d e t e r ­
m i n e w h e t h e r r e c o v e r y o c c u r s w h e n such a l e t ha l n e u t r o n d o s e i s f r a c ­
t i o n a t e d into two e x p o s u r e s wi th a s h o r t t i m e b e t w e e n t h e m . It i s ev iden t 
f r o m the da ta (Table 15) t ha t a s ing le e x p o s u r e of f i s s i o n n e u t r o n s of 6 4 0 -
650 r a d s , d e l i v e r e d in 100 m i n a s a s i n g l e dose to 4 - d a y - o l d ch ick e m b r y o 
in ovo, wi l l k i l l ixiore than 90% wi th in a 6 to 7-hr p e r i o d a f t e r e x p o s u r e . 
The c r i t e r i o n for s u r v i v a l w a s d e t e c t i b l e h e a r t b e a t when the egg w a s 

TABLE 15 

Comparison of effects of single and fractionated neutron exposures 
in 4-day-old chick embryos i r radia ted in ovo 

Irradiation 
Exposure 

t ime, 
min 

Dose, 
rads 

Time of 
incubation 

after 
beginning of 
i rradiat ion, 

hr 

No. dead 
No. exposed 

Mortality 
at 

6-7 hr , 
% 

Experiment I 

Single exposure 

Fract ionated exposure* 
F i r s t fraction 
Second fraction 

Unirradiated controls 

100 

33 
67 

_ 

643 

214 
429 

-

6.5 

7 t 

-

13/15 

1/15 

0 / l 4 

87 

6 

0 

Experiment II 

Single exposure 

Fract ionated exposure** 
F i r s t fraction 
Second fraction 

Unirradiated controls 

100 

50 
50 

-

- 6 5 0 

325 
325 

_ 

6.5 

6+ 

_ 

17/18 

1/18 

0 / 8 

94 

5 

0 

•Fract ionated l / S : z / s , with 155 min between the two ejcposures. 
• •Frac t iona ted l /Z: l / z , with 120 min between the two exposures , 
t Time after beginning of second exposure. 



opened and the embryo examined Of the 33 embryos i r r ad ia t ed in the two 
exper iments , 30 were c lear ly dead when examined, but 3 were c lassed as 
alive since their hea r t s did show some slight, e r r a t i c beating It was evi­
dent, however, from la rge hemor rhages and drained ex t ra -embryonic 
vascular a r e a s , that these 3 embryos could not have lived for m o r e than a 
few hour s . Therefore , for our purpose , this single exposure to fission 
neutrons (650 r ads ) can be considered approximately a 6-hr LD99, 

When this same dose was del ivered m two fractions with a shor t 
t ime in terval (120 or 155 min) between the two exposures , there was evi­
dence of d ramat ic and rapid recovery 

In Exper iment I (Table 15), the total dose was divided into a f i r s t 
component (1/3) and a second component (2/3) with approximately Z-j hours 
between exposures . In Exper iment 11, the dose was equally fract ionated 
with 2 hours between the two exposures . In both exper iments , the eggs 
were kept in an incubator between the two exposures and re tu rned to the 
incubator after the second exposure . Dose ra te was constant for al l exper i ­
men t s , with the CF-5 r eac to r operat ing a t2000kw Under these conditions, 
only 1 embryo (5%) died in each exper iment during the 6-hr per iod of 
observat ion F u r t h e r m o r e , there were few signs of in t raembryonic h e m o r ­
rhage in any of these embryos , m cont ras t to the mass ive hemor rhages in 
brain, hea r t , amnion, and al lantois observed in the embryos of the s ingle-
exposure group. The embryos receiving the fract ionated exposures a lso 
exhibited good ex t ra -embryon ic c i rculat ion m contras t to those of the 
single exposure group; m the l a t t e r , the ent i re sys tem was usually drained 
of blood. The embryos receiving the divided dose appeared to be in good 
condition general ly , except for s eve ra l smal l petechiae in the ex t ra ­
embryonic a r e a , especial ly near the sinus t e rmina l i s , 

It is evident from the r e su l t s of this exper iment that as shor t a 
period as 2 h r between neutron exposures allows a significant degree of 
r ecovery from the effects of the f i rs t dose. It is not impossible that a l l 
of the f i r s t dose is r ecove red in this t ime since 429 rads in the f i rs t 
exper iment is jus t sublethal and might account for the single death without 
any contribution from the p re l imina ry exposure of 21 4 rads , 

These exper iments a r e in teres t ing since they es tabl ish a recovery 
t ime for the chick embryo exposed to fission neutrons of the same o rde r of 
magnitude as that r epor ted by S t e a m e r and Tyler following Co y - r a y s . l ^ / 
Fu r the r exper iments a r e planned to t ry to invest igate this rapid recovery 
phenomenon in the i r r ad i a t ed chick embryo . 
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MODIFICATION OF THE MEMBRANE FILTER TECHNIQUE FOR 
STUDIES OF RADIATION EFFECTS IN SPORES 

OF BACILLUS MEGATERIUM 

B. F . Kaleta and E L, Powers 

The technique of using 47 .0 -mm Mill ipore F i l t e r s * (MF's) and its 
application in radiat ion studies of Bacil lus mega te r ium spores has been 
repor ted previously.(1) The des i rabi l i ty of linaiting the size of the r a d i a ­
tion field for ce r ta in exper iments led to modifications in the above method 
that a r e repor ted h e r e . 

Mater ia ls and Methods 

The spores of Bacil lus mega te r ium, ATCC #8245. were p repa red 
and mounted on 4 7 , 0 - m m M F ' s in the manner previous ly descr ibed with 
the exception that about 25 t imes as many spores were mounted for each 
des i red concentrat ion. These were dr ied _in vacuo, and then smal le r 
d i s c s , 6.8 m m in d iamete r , were punched out with a co rk b o r e r . They 
r e p r e s e n t approximate ly 1/25 of the a r ea of the l a r g e r disc and therefore 
c a r r y approximately 1/25 of the or iginal number of s p o r e s . For g e r m i n a ­
tion, a plating technique involving two MF laye r s instead of the usual one 
was devised. P r i o r to incubation at 35' 'C, 0 3 ml of a buffered peptone-
glucose medium (double-s t rength Difco MR-VP Medium) was pipetted onto 
a 27 .0-mm absorbent pad, the pad was covered with a 27.0-mm MF and 
five 6 ,8-mm M F ' s were placed on th i s . To have a s ta t i s t ica l ly useful 
number of su rv ivors on these smal l M F ' s , it was n e c e s s a r y to crowd them 
with numbers of spores that would resu l t in confluence if incubated for the 
usual 16 h r . Therefore the incubation per iod was reduced from 16 to 7 h r . 
Table 16 shows two exper iments designed to validate the use of the double 
MF plating technique and the reduction of the t ime of incubation to 7 h r . 
The number of colonies was the same whether one or two MF ' s was used 
on the pad or whether the colonies were incubated for 7 hr or for 16 h r . 
Before 7 hr some of the colonies a r e bare ly vis ible and after that t ime , 
confluence begins to occur . Even at 7 hr the colonies a r e quite smal l , the 
average size being about 0.2 m m . To aid in counting, the MF ' s and pads 
were placed in a sealed chamber twith a dish containing a few drops of a 
2% aqueous solution of osmium te t roxide . After from 7 to 16 hr of exposure 
to the vapor s , the colonies appear da rk brown, shiny and r a i s ed above the 
surface of the dull, l ighter brown MF. 

An exper iment was done to de te rmine the maximum number of spores 
that could be mounted on the 6 .8-mm M F ' s and still show 100% colony for ­
mat ion. The l inear cha rac te r of the zero in tercept curve (Figure 24) that 
r e l a t e s re la t ive spore count to colony-count shows that the colonies from 

*Millipore F i l t e r Corporat ion, Watertown, Mass , 



TABLE 16 

C o m p a r i s o n of p l a t i ng e f f i c i enc ies of s ing le and double p la t ing 
t e c h n i q u e s , and 16 h r and 7 h r i ncuba t ion t i m e s 

Incubation 
t ime, 

hr 

16 

7 

7 

16 

7 

7.5 

Method of 
plating 

27.0 m m MF 
on 

27.0 mm Pad 

II 

27.0 m m MF 
on 

27.0 mm MF 
on 

27.0 mm Pad 

47.0 m m MF 
on 

47.0 mm Pad 

ti 

!l 

No. of colonies 

Expected 

-

765 

765 

™ 

280 

280 

Observed 

153 

740 

757 

56 

276 

271 

Recovery, % 

100.0 

96.7 

99.0 

100.0 

98.6 

96.8 

500 

z 
o 
o 
o 

4 6 8 10 12 
NUMBER OF ALIQUOTS 

14 

Figure 24 

Relationship of the aliquot number to the number 
of microcolonies counted after 7 hr of incubation 
at 35°C. Semimicro method, using 6. 8-mm MF's. 
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as many as 445 spores grown in that smal l a r e a for 7 hr can be accura te ly 
counted with no evidence of loss in plating efficiency up to that point. 

The X- ray source was a Machlett OEG 60-tube with a tungsten t a r ­
get, beryl l ium window, no added fil tration (HVL 0.070 mmAl ) , operated 
at 50 kv and 45 m a . For the i r r ad ia t ions , the 47.0-mixi MF ' s were piled in 
stacks of five, whereas , five of the 6 .8-mm MF's were singly placed within 
the a r e a occupied by the l a rge r M F ' s . The target distance was 15 cm, and 
the dose ra te to the f i rs t fi l ter was 19.860 r / m i n . All of the i r rad ia t ions 
were done in a i r at room t empera tu re . 

Resul ts 

An inactivation curve obtained by the 6 .8-mm MF method with 7-hr 
incubation (semimicro method) is compared to one obtained by the usual 
47 .0 -mm MF method with l 6 - h r incubation (macromethod) as shown in 
Figure 25. The points reiDresent the average fraction surviving on five 
M F ' s . In the case of the 47.0-iTmi MF ' s , the dose r ep re sen t s the average 
through the stack. No significant difference is seen in the resu l t s when 
the two methods a re compared. 

It can also be seen in F igure 25 that the initial spore concentration 
on the MF apparent ly does not affect the fraction surviving X-rays within 
the l imits tested. MF ' s were mounted with a fixed spore concentration. 

IQ-' 

10-

^ . , , , , ^ ^ ^ „ . , 

Varying Spore Numbej^ per MF 
iS ^our Surv vOrs on 4 ^ 0 ^^ MF'S 
^ hour Surv ivors on 6 8 ram MF's 

Constont Spore Number per M_F 

7 hour Survwors on 470 rrm MP's 
7 huur S'irviv?or? on 6 8 mm lVlF's_ 

50 ki iP, Be window ^ 
HVL • 0 0 7 0 mm Al '. 
9 ,860 r / m i o Figure 25 

Survival curve for B. megaterium spores. The 
character of the curve is independent of incu­
bation time, spore concentration, and MF size 
within the limits tested. The constant spore 
number represents about 5 x 1 0 spores per MF 
for every dose. In varying the spore number 
per MF, the concentration of spores was in­
creased 10 times for each order of magnitude 
of inactivation. 

100 150 200 2 5 0 

DOSE, k i lo roentgens 

' ,00 5^,0 



5 x 1 0 per MF, and then given a range of X- r ay doses , the range being 
l imited by the number of surv ivors at the higher and lower doses . Both 
47 .0-mm M F ' s and 6 .8-mm M F ' s were used as indicated in the figure. 

The s e m i m i c r o method is a p rac t i ca l technique by which X- r ay 
inactivation curves can be obtained for work in which the size of the r a d i a ­
tion field is l imited. In addition to this the re is an inc rease in efficiency 
over the m a c r o method. This is because ten 6 .8-mm M F ' s can be punched 
from one 47 .0 -mm MF, and 10 t imes as many data can be obtained with no 
inc rease in the work of prepara t ion . F u r t h e r m o r e j l e ss medium is used 
for the growth of colonies, and the incubation per iod is shor te r . When the 
radiat ion field size is not l imited, 5 or m o r e 6 .8-mm M F ' s can be inact i ­
vated in an isodose field equivalent to that occupied by one la rge MF. 
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STRONTIUM-85 RETENTION BY THE RAT 
ASA FUNCTION OF AGE AT INJECTION 

Thomas W. Speckman and William P. Nor r i s 

The dependence of re tent ion of a bone-seeking isotope upon the age 
of an an imal at the t ime of injection has been noted in previous r e p o r t s . " ) 
The following analys is r e p r e s e n t s an effort to express in genera l ized 
matheraa t ica l t e r m s the r e su l t s of s eve ra l such exper iments to de te rmine 
re tent ion of Sr in r a t s . Such t r ea tmen t inakes the r e su l t s m o r e useful in 
co r re l a t ions with the r e su l t s of s tudies of other isotopes and other species . 

In all , 68 r a t s were injected in t ravenously with Sr at ages varying 
from 4 to 428 days. Retention in these an imals was m e a s u r e d per iodical ly 
using an ex te rna l 7-counting method, which allowed sequential observat ions 
of the s ame animals for the en t i re exper imenta l period. For presen ta t ion 
he re the an imals were somewhat a r b i t r a r i l y combined into six groups having 
the following ranges of age at injection: 4-30, 42-61 , 82-141, 162-233, 
252-338, 366-428 days. 

The re tent ion data for each group, excluding the f i rs t few days 
following injection, may be descr ibed by the sum of two exponential t e r m s . 
Each of these exponentials s e e m s to r e t a in the same slope r e g a r d l e s s of age 
of the an imals at injection. The s h o r t e r - t e r m exponential has a slope of 
approximate ly -0 .041 , r ep resen t ing a half-life of 16.9 days, while the long-
t e r m component has a slope in the o rde r of -0.0007, represen t ing a half-life 
of 990 days. However, the es t imat ion of the la t te r value has such a la rge 
assoc ia ted e r r o r that it provides only an approximat ion of the t rue value. 
Unfortunately, it is not possible to es tabl i sh the exis tence of a finite number 
of exponential t e r m s by inspection of a curve of the sor t found in these ex­
pe r imen t s - - r e g a r d l e s s of the quality of the data obtained. The r e p r e s e n t a ­
tion desc r ibed above r e p r e s e n t s the mos t naive and simplified solution to the 
mechan is t i c p rob lems involved. However, this approach i l l u s t r a t e s that the 
shape of the t e r m i n a l port ions of the age-dependent re tent ion curves a r e 
ve ry s imi l a r . Indeed, since they cannot be shown by s ta t i s t i ca l methods to 
be d i s s imi l a r , they a r e p r e s u m e d to be identical . 

The modified power function desc r ibed by Nor r i s et al.(2) and Tyler\3) 
affords an o v e r - a l l empi r i ca l descr ip t ion of the data in a s imple ma themat i ca l 
form which can be read i ly in tegra ted and differentiated. The modification is 
made by introducing y, a factor which forces the power function to conform to 
the physical r equ i r emen t that re tent ion mus t be unity when t = 0. The modi ­
fied form represen t ing re tent ion following a single injection, where the 
physical half-life of the isotope is not taken into account, is 

R^ = l i ± l L . . t > 0 , -1 < b < 0 . 7 >0 (1) 
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w h e r e R = f r a c t i o n of i n j ec t ed d o s e r e t a i n e d , t = d a y s s i n c e in j ec t ion , and 
b = s lope of the power funct ion d e s c r i b e d by E q u a t i o n 2 . T h i s f o r m a p ­
p r o a c h e s the power funct ion 

R^ = Atb • t ^ 1 (2) 

( w h e r e A = i n t e r c e p t wi th the r e t e n t i o n a x i s a t one day) a s y m p t o t i c a l l y a s 
t i n c r e a s e s . 

When the r e t e n t i o n da ta f r o m the old r a t s a r e p lo t t ed on l o g - l o g 
p a p e r , they c l o s e l y a p p r o x i m a t e a s t r a i g h t l i n e . Thus when one u s e s a 
s t r a i g h t - l i n e p o w e r funct ion to r e p r e s e n t r e t e n t i o n in the o l d e s t g r o u p s , 
366 -428 d a y s a t in jec t ion , a l e a s t s q u a r e s l i n e a r r e g r e s s i o n a n a l y s i s r e ­
su l t s in b = - 0 . 3 5 i 0 .02 . S ince , a s s t a t e d e a r l i e r , the s h a p e s of the 
t e r m i n a l p o r t i o n s of the r e t e n t i o n c u r v e s a r e c o n s i d e r e d to be i d e n t i c a l in 
a l l age g r o u p s , b b e c o m e s a p r o p e r t y of the power funct ion a s y m p t o t e which 
r a t s of a l l a g e s wi l l u l t i m a t e l y a p p r o a c h . The quan t i ty 7 now b e c o m e s the 
so l e a g e - d e p e n d e n t f a c t o r in E q u a t i o n 1. With Equa t i on 1 u s e d to d e s c r i b e 
r e t e n t i o n in r a t s of a l l a g e s a t in jec t ion , 7 w a s found for e a c h e x p e r i m e n t a l 
a g e g r o u p by a l e a s t s q u a r e s l i n e a r r e g r e s s i o n of the r e l a t i o n . 

R ,^ = 1 +. (3) 

T h e s e r e s u l t s a r e shown in F i g u r e 26 wi th a s m o o t h c u r v e t h r o u g h the 
p o i n t s . By u s e of E q u a t i o n 1 the c a l c u l a t e d r e t e n t i o n r e s u l t i n g f r o m i n ­
j e c t i o n a t spec i f i c a g e s r e s u l t s in the c u r v e s shown in F i g u r e 27 . A p p r o ­
p r i a t e v a l u e s for 7 w e r e t a k e n f r o m the s m o o t h c u r v e in F i g u r e 26 . 

Figure 26. Variation of > as a function of age 
at injection. 

0 40 80 120 160 200 240 280 iZO 360 400 

AGE AT INJECllON(Days) 



AGE AT INJECTION 

• 4 DAYS 
• 21 
A 3 0 

- AGE AT INJECTION 

# 4 2 DAYS 
e 58 
* 59 
- 61 

J I I I I ! I I I I 

AGE AT INJECTION 

® 8 2 DAYS 
e 8 3 
- 101 
= 119 
-̂  125 
A 14! 

I L__l I I I L—J I I I 
I 2 4 6 8 10 20 4 0 60 100 200 400 

DAYS AFTER INJECTION 

Figure 27. Retention of Sr^^ j ^ j^j^^ 



85 

1.0 

.8 

.6 

.2 -

.08 

.06 

.04 h 

UJ 
(n 
o Q 

Q 
UJ 
H 
i) 
US 
-y 

.02 
1.0 

8 
.6 

4 

o 
< 

Z 
o 
^ 
UJ 

1-UJ 

.08 

.06 

,04 

.0 2 
f.O 
.8 

.6 

.08 

.06 

.04 

.02 

~ 

-

- AGE 

® 

U 

m 

A 

& 

L 

A 
A # 

A 

AT INJECTION 
162 DAYS 
165 
183 
202 
207 
233 

1 r 1 1 

8 

A~~-
A 

LINE 

2 0 0 

A 

A 

1 

CALCULATED FOR 

DAYS AT 

• ^ ^ 

A 

1 1 1 

INJECTION 

*A=,® 

A " - ~ , » 
^A X ^ - - ^ 
A A ^ — 

A -^ 

1 1 

. 4 -

. 2 -

.1 -

» 

^~~~~'~~~~--^ 

— 

A G E A T 1 
• 252 
«• 267 
« 274 
» 289 
A 295 
A 315 
® 338 

1 

NJECTION 
DAYS 

1 1 1 

g 

1 

LINE CALCULATED 
3 0 0 DAYS AT 

"Hts 
• * o ^ ^ - ^ 
A * . ^ 

A J^ 

1 

- - ^ . ^ r̂ "̂  
A ^ 

1 1 1 

FOR 
INJECTION 

• ^ ^ 

I - - - . 

A 

1 

s " ^ 
^ ^ 
® ® 

^ ^ A 
'̂ ~~ "̂-.~^ 

® 

1 1 

-

t 

-

-

— 

. . . ^ ^ ^ ^ ^ ^ 

"̂̂̂ -̂̂̂ i. 
A 

AGE AT INJECTION 

® 3 6 6 DAYS 

A 4 2 8 

1 1 1 1 1 

LINE CALCULATED FOR 

4 0 0 DAYS AT 

l^^sC^ ® 

A® ^ ^ - - . . ^ 
A ® ^ ^ 

A 

1 I I I 

INJECTION 

. 5 A : 

A ^ . 8 - - . ^ 

A 

1 1 
4 6 8 10 20 40 60 80 100 

DAYS AFTER INJECTION 

Figure 27. Retention of Sr̂ S in rats. 

200 4 0 0 



86 

The e x p e r i m e n t a l r e t e n t i o n m e a s u r e m e n t s , c o r r e c t e d for n a t u r a l d e c a y of 
Sr®^, a r e p lo t t ed on the s a m e g r a p h a s the c a l c u l a t e d c u r v e r e p r e s e n t i n g 
the c l o s e s t age a t i n j ec t ion . It m u s t be poin ted out tha t wi th in e a c h age 
r a n g e , the l ine p lo t t ed i s c a l c u l a t e d for the spec i f i c age no ted ; h e n c e , for 
e a c h spec i f i c age g r o u p r e p r e s e n t e d by da t a , the po in ts r e p r e s e n t i n g i t s 
r e t e n t i o n c u r v e should a p p e a r in p r o p e r rela.tioi.i in a s e q u e n t i a l f ami ly of 
c u r v e s c o v e r i n g the age s p a n r e p r e s e n t e d . The e x p e r i m e n t a l po in t s a r e 
s e e n to fit into such a p a t t e r n r e a s o n a b l y w e l l . 

F i g u r e 28 i s a c o m p o s i t e of F i g u r e 27 wi thout the e x p e r i m e n t a l da ta 
p o i n t s . The p o w e r funct ion a s y m p t o t e s a r e shown a s b r o k e n l i n e s to i n d i c a t e 
the v a r i a n c e f r o m the s t r a i g h t power funct ion i n t r o d u c e d by the mod i f i ca t i on 
invoking the u s e of 7 . T h i s i l l u s t r a t i o n po in t s out the i m p o r t a n c e of u s ing 
the mod i f i ed f o r m of the p o w e r funct ion u n l e s s c o n c e r n e d only wi th adu l t 
a n i m a l s . 

20 40 60 a) 100 

DAYS ARER INJECTION 

200 300 400 

,85 Figure 28. Retention of Sr''° in rats as ieflueoced by age at injection. 

The m a t e r i a l in t h i s r e p o r t i s be ing a n a l y z e d m o r e t ho rough ly and 
wi l l a p p e a r s h o r t l y a s a m o r e e x t e n s i v e pub l i ca t i on . 

We g ra t e fu l ly a c k n o w l e d g e the a s s i s t a n c e of Sylvanus A. T y l e r in 
the m a t h e m a t i c a l p o r t i o n of the w o r k , and the t e c h n i c a l a s s i s t a n c e of 
M r s . C. A r m s t r o n g . 
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PROGRESS REPORT: GRANULOCYTE LIFE CYCLE. III. 

Mary A. Maloney and Harvey M. Patt 

In this communicat ion we wish to p resen t data pertaining to the kinetics 
of granulocyte production in the normal dog. This study is based on high 
resolut ion radioautography after adminis t ra t ion of t r i t ium- labe led thymidine. 
Exper imenta l p rocedures were descr ibed previously. '^s^) 

Tr i t ia ted thymidine is available for incorporat ion into DNA only for 
a very brief period after injection since it is rapidly metabolized and 
excreted,v3) The label appears f i rs t in myelob las t s , p romyelocytes , and 
myelocytes , ce l l s that o rd inar i ly contribute to renewal of the granulocyte 
population by mi to s i s . Sinces on the average , half of the label will be 
t r a n s f e r r e d to each daughter cell , labeled cel ls should accumulate in m a r r o w 
until the re i s a significant dilution through subsequent mi to se s or matura t ion 
and r e l ea se to pe r iphe ra l blood. In point of fact, the number of labeled 
ce l l s , coinputed in t e r m s of a normal ized dis t r ibut ion of the var ious cell 
types , i n c r e a s e s during the f i rs t 36 to 48 hr after intravenous injection 
of t r i t i a ted thyinidine in a dosage of 0,1 to 0.3 Mc/g» The mean generat ion 
t ime of the prol i ferat ing cel ls can be es t imated from the ra te of i nc rease 
and is of the o rde r of 15 h r . 

A more detailed pic ture of the generat ion cycle may be obtained from 
the t empora l dis t r ibut ion of labeled mitotic f igures following injection of 
t r i t i a ted thymidine, A cor re la t ion of this sor t is being made , and although 
the study has not been completed, the approximate sequence of events may 
be d iscerned from p r e l i m i n a r y ana lyses . It has been observed that mitotic 
f igures for myelob las t s , p romyelocytes , and myelocytes a r e labeled 
within 30 to 60 min after thymidine admirds t ra t ion. There is a maximum 
at 4 to 5 hr with a sharp dec l i re at 6 h r , and a second increinent of labeled 
mi toses at 14 to 15 h r . The peaks in labeled mi toses a r e para l le led by an 
inc rease in the number of labeled myeloid ce l l s , A mean generat ion t ime 
of 13 to 14 hr may be infer red from these data. It would appear that 
mi tos i s begins within an hour after completion of DNA synthesis and that the 
durat ion of mi tos i s is about an hour . The in terval between completion of 
mi tos i s and onset of DNA synthesis is approximiately 7 to 8 hr and the DNA 
synthetic period is about 4 to 5 h r . 
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PROGRESS REPORT: PYRESIS STUDIES 

V. Sedimentation Rate Studies 

Marc ia White Rosenthal and Joan F . F r i ed 

A significant i nc r ea se in sedimentat ion ra te in r a t s follows the 
art i f icial production of fever by the subcutaneous injection of yeas t . It has 
been shown that injection of an ant ipyret ic dose (125 mg/kg) of 
aur in t r icarboxyl ic acid (ATA), but not of sodium sal icyla te , p reven ts 
this increase .v l ) 

The p r e sen t r epor t s u m m a r i z e s our further work with these 
substances in sedimentat ion ra te s tudies : the determinat ion of dose effects 
in vivo and a compar ison of the effectiveness of the two substances in vi t ro 
when added to e i ther rapidly sedimenting ra t or human blood. 

In vivo expe r imen t s . The production of fever in r a t s , the accompany­
ing i n c r e a s e in sedimentat ion r a t e , and the p rocedures used in the studies 
of sedimentat ion ra te were the same as desc r ibed ea r l i e r . i ^ ) Intravenous 
injection of 75 mg /kg of ATA, an effective ant ipyret ic dosej was as 
effective as the previous ly used dose of 125 mg/kg in preventing the 
inc reased sedimentat ion ra t e assoc ia ted with the yeast- induced fever, while 
a dose of 35 mg /kg , ineffective as an ant ipyret ic , was only par t ia l ly 
effective in the sedimentat ion ra te t e s t . Blood samples were taken 1 hr 
after the i ^ ^ c t i o n of ATA. In a second s e r i e s of exper i inents , summar ized 
in Table l^Tblood was taken at increas ing in te rva ls after intravenous 
adminis t ra t ion of 125 mg/kg of ATA. ATA exer t s a significant but 
decreas ing effect on the sedimentat ion ra te after it has been in the blood 
for 6 hr and has lost i t s effect after 9 h r . Ster i l ized ATA was found to be 
fully effective as an ant ipyret ic and in preventing the inc reased 
sedimentat ion r a t e : a 6% solution of the ammonium salt was autoclaved 
at 15 pounds p r e s s u r e for 20 min, then injected intravenously at a dose 
of 125 m g / k g . 

We have found it imposs ib le to dec rea se the sedimentation ra te 
in vivo with sodium sal icyla te , ei ther by single in t raper i tonea l injections 
of up to 500 mg/kg or by art if icial ly maintaining a high blood sal icylate 
level through ligation of the rena l blood v e s s e l s . In the la t te r 
exper iments the kidneys were l igated b i la te ra l ly with the ra t under 
ether anes thes ia about 18 hr after adminis t ra t ion of yeas t . The ra t s 
were injected in t ravenously 3 to 5- | -hr l a t e r e i ther with saline or with 
250 mg/kg of sodium sal icyla te , the l a rges t dose which is nontoxic 
under these condit ions. Ei ther 1 or 4 hr after th is injection, blood 
was withdrawn for de te rmina t ion of sedimentat ion r a t e . Even after the 
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TABLE 17 

Effect of ATA in vivo on sedimentat ion of red blood cel ls in r a t s 

Trea tment* 

Saline 
Saline 
Saline 
ATA 
ATA 
ATA 
ATA 
ATA 
ATA 

Hr after 
t r ea tmen t 

1 
4 
9 
1 
2 
4 
6 
9 

12 

No. 

r a t s 

13 
7 
7 
8 
5 
6 
5 
7 
6 

RBC 
sedimentation** 

Mean, 
m m 

17.5 
17.1 
19,5 

T race 
T r a c e 

0.9 
2,0 

12,4 
24.9 

S,E, 

2.6 
2.6 
4,6 
___ 

0.4 
0.7 
3,0 
3.7 

Est imated 
blood content 

ATA,"^ 
m g / m l 

„ . . . ™ . . . 

____ 
____ 
0.43 
0.35 
0.27 

"0,22 
-0,15 

0.14 

*125 mg/kg of ATA, or an equivalent volume of sal ine, was 
injected int ravenously about 18 hr after subcutaneous 
adminis t ra t ion of 3,0 ml of a 15% yeast suspension in sa l ine . 

**Determined 2- | -hr after sampling, 

^Calculation based on ineasured d isappearance of ATA from blood 
following intravenous injection of '^77 mg/kg (19.2 mg) 
NH4ATA,i^/ assuming that the blood retent ion is the saine following 
125 m g / k g . F igu r e s for 5 and 9 hr a r e es t imated from the curve 
since actual readings were not inade at these in t e rva l s , 

4 -hr in terval , the sedimentat ion ra te of the t r ea t ed r a t s was not 
significantly a l te red from that of the saline con t ro l s . Fo r example , Z - j h r 
after blood was drawn, the mean fall of the red blood cel ls in the t r ea t ed 
group (7 ra t s ) was 32.8 m m + a s tandard e r r o r of 8.45, as compared to 
40,6 + 3.4 mm in the cont ro ls (5 r a t s ) . Rough quantitative m e a s u r e m e n t s 
of the sal icylate in the pooled blood of these r a t s using a co lo r ime t r i c 
method based on development of a complex with f e r r i c ni trate,(3) 
indicated that sal icylate had indeed been maintained at the level p resen t 
immedia te ly after injection ("-5 m g / m l of blood). This fai lure of sodium 
sal icylate to affect the sedimentat ion ra te is su rpr i s ing in view of 
i ts effect in rheumat ic fever and in the in vi t ro exper iments to be desc r ibed . 



In v i t ro expe r imen t s . These were per formed in a manner s imi la r to 
that used by Formijne . l^) Rapidly sedimenting ra t blood was removed by 
card iac puncture into a hepar in ized syringe about 20 hr after subcutaneous 
adminis t ra t ion of 3 ml of a 15% yeast suspension. One-ml aliquots of 
blood were immedia te ly added to t es t tubes containing 0.2 ml of a t es t 
solution or of 0,85% sa l ine . After mixing, the blood was placed in 
Wintrobe tubes , and the sedimentat ion of the red cel ls was observed 
frequently for at l eas t 2--|-hr, and at 22 h r . Table 18 s u m m a r i z e s the 
r e su l t s at 2--|-hr, when the sedimentat ion of the red blood cel ls had 
essent ia l ly ceased . Readings at 22 hr were somewhat lower, but the 
re la t ionships between groups were unchanged. Under the conditions of 
these exper iments , sodium sal icylate had the expected effect upon the 
sedimentat ion r a t e , ATA was somewhat more effective, A compar ison of 
the las t columns in Tables 17 and 18 shows that for maximum effect about 
four t imes as much ATA was requ i red in vi t ro as in vivo» 

TABLE 18 

Effects of ATA and sal icylate in vi t ro on 
sedimentat ion ra te of red blood cel ls of r a t s 

Tes t 

Compound 

Saline 
Na Salicylate 
Na Salicylate 
Na Salicylate 

ATA 
ATA 
ATA 

solution 

Concentrat ion, 
% 

0,85 
0,5 
1.0 
2.0 
0,25 
0.5 
1,0 

No, 
r a t s 

18 
6 
6 
6 
6 
6 
6 

RBC 
sedimentat ion* 

Mean, 
m m 

16,0 
6.8 
0.5 
0.1 

15.9 
1,7 
0.2 

S.E. 

1.3 
4,0 
0,3 
0 
5,8 
0,3 
0,02 

Concentrat ion of 
tes t solution 

in tube, 
mg/ in l 

-= = . » ™ 

0.83 
1,66 
3,33 
0.42 
0.83 
1.66 

*Deterinined Z-^-hr after sampling. Tubes contained 1 ml blood and 
0.2 ml tes t solution. 

This in v i t ro t es t was per formed a lso with f reshly drawn, rapidly 
sedimenting human blood from rheumat ic fever pa t ien ts .* Aliquots of 
blood from each of four pat ients were tes ted as above with 0,5, 1«0 
and 2,0% solutions of both sodium sal icylate and NH4ATA, and with a 

We a re indebted to Doctors Alber t Dorfman and Burton J- Grossman and 
to Miss Dorothy Bat ter ton of the Thomason Labora tory of La Rabida 
Sanitar ium for this opportunity and for drawing the blood s ample s . 



saline control . Only the 2,0% solutions slowed the sedimentat ion ra te 
significantly m compar i son to that of the control : in two c a s e s to a no rma l 
r a t e , and in two cases with abnormal ly low hematoc r i t s and very rapid 
initial sedimentat ion r a t e s , to an in te rmedia te r a t e , ATA and sodium 
sal icylate were roughly equi^^'alent 

The fai lure of injected sal icylate to change the sedimentat ion ra te 
m the ra t under the conditions of our exper iments becomes m o r e 
in teres t ing m view/ of this demonst ra t ion that m vi tro it is capable of 
re turning sedimentat ion ra te to normal F u r t h e r , our exper ience with 
ATA, and the cl inical compar i sons of sal icylate under in vivo and in vi t ro 
conditions, indicate that the m vi tro condition usual ly r equ i r e s m o r e of the 
t e s t substance. The fai lure of sal icylate m a y b e at t r ibutable to insufficiently 
high blood levels , although this explanation becomes l e s s credible in view 
of the r e su l t s of our exper iments m which the kidneys were l igated. Some 
factor p resen t m the whole r a t , and not in the isolated blood, evidently 
prevents sodium sal icylate but not ATA from exert ing an effect upon the 
sedimentat ion r a t e under the conditions of our expe r imen t s . 
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PROGRESS REPORT : LEAD REMOVAL 

L Effect of Three Polyamino Acid Chelating Agents on Acute 
Exper imenta l Lead Poisoning in Rats 

Joan F , F r i ed , Jack Schubert and Elizabeth Morett i 

The value of e thylenediaminete t raacet ic acid (EDTA) in the clinical 
t rea t inent of chronic lead poisoning in humans is now fair ly well 
established,^ / Recently two compounds which a r e s t ruc tura l ly re la ted 
to EDTA have been shown to be m o r e effective than EDTA in the removal 
of rad ioe lements froin l abora to ry animals.V^'3,4) These a r e 
d ie thylenetr iaminepentaacet ic acid (DTPA) and 2:2 ' -bis (dicarboxymethyl) 
aminodiethylether (BAETA), Fo r these r e a s o n s , it was of in te res t 
to compare the action of these two agents with that of EDTA in the 
therapy of acute exper imenta l lead poisoning in r a t s . 

Two types of exper iments were per fo rmed . In one, CaEDTA, 
CaDTPA, and saline were compared with r e spec t to thei r effects on the 
survival of groups of r a t s given a lethal dose of lead n i t ra te and t r ea t ed 
one hour l a t e r . In the other , the toxicity of the lead chelates of BAETA, 
DTPA and EDTA was deter inined after the i r adminis t ra t ion as single, 
in t raper i tonea l injections into r a t s . 

Methods 

Lead n i t r a t e , Pb(N03)2, p r epa red by solution in dis t i l led water 
without adjustment of pH, was injected in t ravenously into r a t s at a 
dose of 70 mg/kg as P b . CaEDTA and CaDTPA were p repa red by 
neutra l iza t ion of the acids with NaOH, addition of CaClg in 1:1 mola r ra t io 
of Ca to chelating agent, and adjustment of the pH to 7,2, These agents 
were given in t ravenously in doses of 118 mg/kg and 158 mg/kg 
respec t ive ly (equimolar ra t io) . PbBAETA, PbDTPA and PbEDTA were p re 
pared by neutra l iza t ion of the acid forms of the chelating agents with 
NaOH, addition of Pb(N03)2 in 1:1 _M ra t io of Pb to chelating agent, and 
adjustment of the pH to 7,0, They were given in t raper i tonea l ly in doses 
ranging from 110 to 1260 mg/kg as Pb , Sprague-Dawley female r a t s 
of 3-6 months of age and weighing 225-285 g were used; animals of equal 
weight and age were selected for each exper iment . 
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Resul t s 

The r e su l t s of the survival exper iment a r e shown in Table 19. There 
was no significant difference in survival among the th ree groups . However, 
the prolonged t ime to death in t r ea ted groups as compared with the saline 
controls may have some significance, especia l ly in the case of the 
CaEDTA-t rea ted group. 

TABLE 19 

Effect of equimolar levels of CaEDTA (118 mg/kg) and CaDTPA (158 mg/kg) 
given int ravenously 1 hr after a lethal dose of Pb(N03)2* 

Trea tmen t 

CaEDTA 
CaDTPA 
Saline 
(controls) 

No. of 
animals 

10 
11 
12 

Survival, 
% 

40 
36 
33 

Avg. t ime to 
death of 

nonsurv ivors , 
days 

2.2 
1,4 
0.9 

*Pb(N03)2, 70 nag/kg as Pb, in t ravenously. 

The toxici t ies of the lead chela tes of EDTA, DTPA and BAETA a re 
given in Table 20, PbDTPA is somewhat more toxic than PbEDTA, but 
both a re cons iderably l e s s toxic than unchelated Pb"^"^ ion. On the other 
hand, PbBAETA had a lmost the same o rde r of toxicity as unchelated 
Pb . Our p r e l i m i n a r y studies on the toxicity of CaBAETA indicate that 
this cannot be a t t r ibuted to any toxic effects of the BAETA component. 

TABLE 20 

Toxicity of PbEDTA, PbDTPA and PbBAETA 
given in t raper i tonea l ly to r a t s 

Dose of Pb, 
mg/kg 

no 
140 
175 
945 

1260 

PbEDTA 

100 (3) 
100 (7) 

Survival, % 

PbDTPA 

100 (4) 
50 (8) 

...,J 

PbBAETA 

37 (8) 
0 (4) 
0 (4) 

Numbers of an imals injected a r e in p a r e n t h e s e s . 
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Discussion 

The lack of therapeut ic effect of both EDTA and DTPA in acute 
lead poisoning is in cont ras t to the effect of both of these compounds 
in acute manganese poisoning.v^^; The stabili ty constant of EDTA for 
Pb++ is m o r e favorable than for Mn++; Kf PbEDTA = 18 and Kf MnEDTA = 
14.^ / However, the affinity of Pb"̂ "*" for the t i s sue prote ins i s much g rea t e r 
than that of Mn"*"̂ , At 1 hr after int ravenous injection of Pb"*""*", about 
30% of the injected dose is in the l iver and kidneys and about 20% in the 
plasma,V') Hence, the net stabil i ty constants of EDTA and DTPA 
for Pb a r e too low; these compounds cannot compete with the prote ins 
of these t i s s u e s sufficiently to effect removal of a significant fraction 
of thei r lead content. 

When lead is injected in the chelated form, however, the chelates 
of EDTA and DTPA a r e sufficiently stable to pe rmi t the adminis t ra t ion of 
a re la t ive ly l a rge amount without toxic effects. While no data a r e available 
for the stabil i ty constant of BAETA with Pb"^" ,̂ it is apparent from our 
r e su l t s that it mus t be o r d e r s of magnitude lower . This is probably due 
to s t e r i c h indrance . 
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PROGRESS R E P O R T : T R E A T M E N T O F RADIOSTRONTIUM POISONING. II. 

A r t h u r L i n d e n b a u m , J o a n F . F r i e d and E l i z a b e t h S. M o r e t t i 

A p r e v i o u s r e p o r t h a s d e a l t wi th the p r o m o t i o n of i n c r e a s e d 
r a d i o s t r o n t i u m e x c r e t i o n f r o m the body by m e a n s of the s a l t s of 
r h o d i z o n i c acid.V^/ The p r e s e n t r e p o r t e x t e n d s t h i s s tudy and d e s c r i b e s 
w o r k a i m e d at d e t e r m i n i n g the effect of a d i u r e t i c , DiamoxvS/ ( a c e t a z o l a m i d ) , 
u s e d in conjunc t ion with s o d i u m r h o d i z o n a t e (NaR)* on r a t s g iven Sr . 

The r a t s r e c e i v e d 0.8 /ic c a r r i e r - f r e e S CI2 in 1 m l of w a t e r 
g iven o r a l l y b y s t o m a c h t u b e , fol lowed i m i n e d i a t e l y , u s ing the s a m e t u b e , 
by 7 m l of e i t h e r w a t e r , D i a m o x (7 m g / k g ) , NaR (90 m g / k g ) , o r NaR p l u s 
D i a m o x (90 m g / k g and 7 m g / k g r e s p e c t i v e l y ) . At I-2" h r a f te r a d m i n i s t r a t i o n 
of Sr , t he o r i g i n a l t h e r a p e u t i c o r c o n t r o l t r e a t m e n t w a s r e p e a t e d . The 
a n i m a l s w e r e s a c r i f i c e d 24 h r a f t e r a d m i n i s t r a t i o n of Sr^^. C a r c a s s , 
f e m u r s , u r i n e and f e c e s w e r e a s s a y e d for Sr®^ by m e a n s of a s c i n t i l l a t i o n 
c o u n t e r . Some t y p i c a l r e s u l t s a r e shown in Tab le 2 1 . 

TABLE 21 

Effect of sodium rhodizonate (NaR) and Diamox on the d i s t r ibu t ion 
of o r a l l y a d m i n i s t e r e d Sr in r a t s . 

No. 
an ima l s 

5 
5 
5 
5 

T r e a t m e n t 

Diamox only 
NaR + Diamox 
Water only 
NaR only 

P e r c e n t of Admin i s t e r ed Sr^^ 

C a r c a s s 
l e s s GI t r a c t , 

m e a n ± 0* 

36.44 ± 3.33 
24.15 + 2.98 
27.02 + 3.71 
27.93 + 4.39 

Skeleton,** 
m e a n + a 

24.48 +1.35 
14.19 +1.42 
17.47 +2.33 
11.82 +0.75 

Ur ine , 
m e a n + 0 

2.65 + 0.04 
8.02 + 1.14 
2.29 ± 0.31 
5.95 + 0.37 

F e c e s 
plus GI t r a c t , 

m e a n + a 

62.98 + 1.98 
66.53 + 3.30 
69.81 + 3.67 
64.33 + 3.34 

*0 - s td. e r r o r of the m e a n . 

* * A r b i t r a r i l y ca lcula ted as ac t iv i ty of both f emur s t i m e s 10. 

It m a y be no ted tha t in c o m p a r i s o n to e i t h e r of the c o n t r o l g r o u p s 
(wa te r only , o r D i a m o x only) the g r o u p s g iven NaR show a s ign i f i can t ly 
l o w e r b u r d e n of s k e l e t a l Sr^^ and a c o r r e s p o n d i n g e l eva t i on of the u r i n a r y 
gj.8S ^ p < 0 .05 , o r b e t t e r ) . The d i f f e r e n c e s in s k e l e t a l con ten t a m o u n t e d 
to o v e r 40% in the g r o u p s g iven D i a m o x and o v e r 30% in g r o u p s r e c e i v i n g 

The sod ium and p o t a s s i u m s a l t s a p p e a r to be t h e r a p e u t i c a l l y e q u i v a l e n t . 



no Diamox. It appears that these differences do not r e p r e s e n t a t rue reduction 
of skeletally deposited Sr** but r a the r the shunting of circulat ing Sr^^ into 
the ur ine before skeletal deposition o c c u r s . 

Curiously, compar i son of the groups receiving ei ther water alone or 
Diamox alone shows that Diamox induces a significant (0.01 > P > 0.001) 
i nc rease in skeletal Sr®^. This effect is produced despite the fact that 
u r i n a r y volume is definitely inc reased by adminis t ra t ion of Diamox. 

The inc reased skeletal retent ion of Sr®^ produced by a diuret ic agent 
is an unexpected effect and indicates the need for further work toward an 
understanding of the mode of action of Diamox, as well as other types 
of diuretic agents , in connection with radioelement removal . 
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A NEW PREPARATION OF THE TOXOHORMONE OF TUMORS 

Robert N. Fe ins te in 

It is well es tabl ished that the p resence of a tumor will reduce the 
ca ta lase activi ty of the l iver of the host^^/ and, in fact, of most solid 
t i s sues , ' • ' ' The ca ta lase of the ery throcyte of the host is not affected. 
It is now genera l ly accepted that the ca ta lase - reduc ing p rope r t i e s of the 
t u m o r s lie in a chemical agent e laborated by the tunaor and designated 
"toxohormone" by Nakahara and Fukuoka.w) Injection of a toxohormone 
prepara t ion into a normal mouse will reduce the l iver ca ta lase of the 
recipient . Although the l i t e r a tu re regarding this agent i s now too 
voluminous to detail in this r epor t , it may be stated that the toxohormone 
is wa te r - so lub le , hea t - s t ab le , and insoluble in acetone, ethanol, or e ther . 
Its p repara t ion i s based on var ious combinations of these p r o p e r t i e s . 

The nnost potent p repa ra t ions repor ted a r e those of Kuzin et a l . l^ '^ / 
and of Ono _et a l . l " ' ' ) The f i rs t groupl^) r epo r t s the p repara t ion of 
chloroplat inate c ry s t a l s of the active m a t e r i a l and the observat ion of in 
vivo ca ta lase reduct ions of 70-80%. This is a g r ea t e r effect than genera l ly 
seen, but the authors fail to state the amount of active agent needed to 
produce such an effect. The Japanese group^°^ p r epa red ace tone-dr ied 
powder of the i r tumor , ext rac ted this with a methanol -ace t ic acid 
mix tu re , and prec ip i ta ted the active agent with e ther . The resul t ing dr ied 
poAvders were active as toxohormone in 20-40 mg doses . By ethanol 
fractionation, they obtained fract ions active at doses of 10 mg. In a 
l a te r p a p e r , ! ' ) they repor t further purification to the point where as 
l i t t le as 0,1 mg is demonst rab ly act ive, 

A technique has been devised which gives active toxohormone 
fract ions with a minimum of t ime and manipulat ion. Before descr ib ing 
the methods it should be pointed out that the yield of toxohormone will 
depend upon the pa r t i cu la r tumor used. For example , considerable work 
was done on p repa ra t ions from the Walker ra t tumor with indifferent 
r e s u l t s . Active fract ions were obtained, but they rep resen ted re la t ive ly 
enormous amounts of initial tunaor source . Fo r exainple, the total yield 
from 20 to 40 g of the tumor , when injected into a 15-g mouse , might 
cause a reduction in l iver ca ta lase of 20 to 40%. This i s apparent ly not 
due to the pa r t i cu la r method employed because Greenfield and Mei s t e r , l ° / 
using a quite different technique, also stated that the Walker tumor is 
poor in toxohormone. We a r e p resen t ly using the Murphy-Sturm 
lymphosarcoma of the ra t and have obtained toxohormone p repa ra t ions 
which, injected at a dose of 7 mg of d ry powder equivalent to 2 g of or iginal 
tumor , cause a 30% reduction in l iver ca ta lase of the recipient mouse . 
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The p repara t ive method is as follows. Tumors a r e excised when 
they reach perhaps 4 to 10% of total body weight. They are blended in the 
Waring blender with 5 volumes of dist i l led water ; this total tumor 
suspension is heated in a boiling water bath for 20 m m , then cooled. It 
has been found that if th is m a t e r i a l is now frozen overnight, then thawed 
out the next morning, centrifugation is quick and effective. The precipi ta te 
is d i scarded . To the supernatant , 4 0 M MnCl^ is added, 2.8 ml per 100 ml 
of supernatant . The MnClg is added slowly with constant s t i r r i ng . The 
solution is allowed to r emain in the r e f r ige ra to r until precipi ta t ion is 
complete , usual ly a ma t t e r of an hour or two; if nece s sa ry , it is kept 
in the cold overnight . 

The Mn-toxohormone prec ip i ta te is centrifuged, and the supernatant 
is d i sca rded . The prec ip i ta te is suspended in a small volume of water and 
homogenized, if n e c e s s a r y , to b r e a k up p a r t i c l e s ; the pH is then ra i sed 
to 10,0 with NaOH, thus precipi ta t ing the manganese as a mix ture of i t s 
var ious oxides and hydroxides . After s t i r r ing at room t empe ra tu r e for IS in in to 
a s s u r e completion of the react ion, the mix ture is centrifuged, and the 
prec ip i ta te is d i sca rded . The supernatant is r e tu r r ed to pH 7 with HCl , and 
five volumes of acetone a r e added slowly and with s t i r r i ng . The mixture is 
chilled overnight and centrifuged the next morning. The supernatant is 
d i scarded , and the prec ip i ta te i s washed tvace with acetone and once with 
e ther , then dr ied in vacuo at room t e m p e r a t u r e . This i s the product 
which i s injected in t raper i tonea l ly into weanling mice (15 to 20 g). The l iver 
ca ta lase is assayed 48 hr l a te r because the findings of Greenfield and 
Meis ter \° ) indicate that the g rea te s t effect is observed at this t i m e . 

The method thus has the ad-^-aDtage of requir ing no prolonged 
refluxing no reduction of la rge volumes of solution and no la rge volumes 
of organic solvents . 

It has cer ta in disadvantages- however . These a r e : 

1, The p repara t ions tend to be toxic . This may be a manganese 
toxici ty. The LD50 for MnCl2°4 H^O is approx imate ! / 2 mg for a 15-g nnouse. 
Since the exact chemical nature of the mixed oxides and hydroxides 
of manganese is uncer ta in , it is not poss ible to state what weight of 
contamination would be le thal . In the pa r t i cu la r exper iment mentioned 
above, 89 mg of product killed a single mouse , 27 mg was not lethal and 
reduced l iver ca ta lase an average of 45% (3 mice) , and 7 mg per mouse 
reduced l iver ca ta lase an average of 30% (3 mice ) . On the other hand, it 
is repeatedly noted in the toxohormone l i t e r a tu re that ace tone- or 
a lcohol-precipi ta ted tumor fract ions (without manganese) a re occasional ly 
toxic. The toxicity we have noted may therefore have nothing to do with 
the manganese although the meta l is suspect because of i ts known toxicity. 
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We hope to overcome this problem by the use of an improved method for 
the detection of t r a c e s of manganese . 

2. We a r e not ce r ta in that this technique r ecove r s all toxohormone. 
Again, it is repeatedly observed in the l i t e r a tu re that toxohormone 
apparent ly occurs in more than one fo rm. It has var iously been stated to 
exist in f ree , protein-bound, polypeptide-bound, and nucleic acid-bound 
forms« It would seem unlikely that the manganese would prec ip i ta te 
all f o r m s . 

3, P r e l i m i n a r y evidence indicates that Mn will not prec ip i ta te 
toxohormone from the blood of t umor -bea r ing r a t s , whereas Kuzin 
et al . l^/ state that they a re able to p r e p a r e active fract ions from such 
blood. 
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PROGRESS REPORT: POTENTIATION OF TUMOR RADIOSENSITIVITY 

Robert L. Straube and Harvey M. Patt 

The theore t ica l bas i s for the sugges t ion!^ ' ^ that high oxygen 
tension may be an important adjunct m radio therapy of tu inors s t ems 
from two conditions F i r s t , an inc rease in oxygen tension above 
physiologic levels has a relat ively smal l effect on the response of 
most normal t i s sues to i r rad ia t ion . Second, many tumors a re believed 
to be hypoxic relati^ c to normal t i s sue . Thus it is infer red that 
the re may be a differential gain in response in favor of a tumor when 
there is a general i nc rease in oxygen tension at the t ime of i r rad ia t ion . 
Although this sor t of enhancement has been descr ibed in t e r m s of a 
t e m p o r a r y r e g r e s s i o n for severa l t u m o r s , i ts p rac t ica l ramif icat ions a re 
not yet c l ea r . 

In an at tempt to augment a differential gain m radiosensi t ivi ty , we 
a re using various ant imetabol i tes in conjunction with inhalation of 
oxygen at one a tmosphere during local i r rad ia t ion of t umors in vivo. 
Ten minutes before X- i r rad ia t ion (1000 r) of solid Ehr l ich asc i tes t umors 
2-deoxy-d-glucose (0.5 ml 5% solution, in t raper i toneal ly) was given 
with the anesthet ized host (Nembutal) breathing air or oxygen at one 
a tmosphere The t u m o r s , which had been implanted m the right thighs of 
CF No, 1 female mice at 7 or 8 weeks of age m e a s u r e d approximately 
10 mm in each of two d i a m e t e r s at the r ime of i r rad ia t ion Inhalation 
of oxygen during i r rad ia t ion inc reased initial tumor r eg re s s ion , in 
confirmation of the findings of others,'-I-"'*) Although 2-deoxy-d-glucose 
appeared to enhance the oxygen response m p re l imina ry exper iments , 
this was not substant iated on further study When the i r rad ia t ion effect 
is evaluated in t e r m s of the percentage of aniinals without palpable 
tumors at six weeks, the re appears to be little difference between 
i r rad ia t ion m air and i r r ad ia t ion in oxygen with or without 2-deoxy-d-glucose , 
Palpable t u m o r s were found in approximately 30% of the surv ivors in all 
i r r ad ia ted groups , m cont ras t to 70% in noni r radia ted cont ro ls . 

I r radia t ion under oxygen apparent ly i n c r e a s e s the number of injured 
ce l l s , which is manifest by ea r ly enhancement of tumor r e g r e s s i o n . This 
is p resumed to be a consequence of the d e c r e a s e in nuixiber of hypoxic 
tumor ce l l s . On the other hand, i r rad ia t ion under oxyger does not seem 
to modify the subsequent number of palpable t u m o r s , a c r i t e r ion which 
ref lects the number of surviving cel ls r a the r than the nuixiber injured. 
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FRACTIONATION OF CHOLESTEROL ESTERS 
BY SILICIC ACID CHROMATOGRAPHY 

Pe t e r D. Klein and Erwin T. Jans sen 

A number of methods a r e available for analyzing the fatty acid 
composit ion of choles tero l e s t e r s , but all of these involve hydrolys is 
of the e s t e r bond. In connection with our study of the metabol i sm of 
the individual cholesterol compounds, we have been in te res ted in 
developing a method which would pe rmi t not only such analyses but also 
the separat ion of intact choles terol e s t e r s , 

A method of chromatography on si l icic acid has been developed 
which p e r m i t s the isolat ion of four types of e s t e r s : sa turated, oleate , 
l inoleate and arachidonate . While the sa tura ted fatty acid e s t e r s 
a re not individually resolA^ed under the pa r t i cu la r conditions employedj 
this fractionation provides the four m a m metabolic ca tegor ies of 
in te res t to u s . Recovery studies with model compounds show average 
r ecove r i e s of individual e s t e r s to be 91-100%, while total r ecove r i e s 
of mix tu re s averaged 94%. The standard e r r o r for an individual component 
is 16% of the value when the component is l e s s than 10% of the total , 
and this e r r o r d e c r e a s e s to 3% when the component is 30% or more of the 
total 

The method has been applied to the analysis of biological mix tu res 
of p l a sma and l iver e s t e r s of var ious species with widely differing 
composit ions and has proved to compare favorably with other means of 
analysis involving hydro lys i s . 
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HETEROGENEITY IN THE TURNOVER RATES 
OF RAT LIVER CHOLESTEROL ESTERS 

Pe te r D. Klein and Rita A. Mart in 

Previously'•'•/ we have repor ted a method for the fractionation of 
choles tero l e s t e r s into e s t e r s of sa tura ted , oleic , l inoleic and 
arachidonic ac ids . This technique has been used to study the ra te of 
incorporat ion of newly synthesized choles terol into i ts es ter i f ied fo rms . 

When r a t s a r e injected with sodium ace ta t e -1 -C and sacr i f iced 
30 min l a te r , the specific act ivi t ies of the four choles terol e s t e r f ract ions 
a r e different. At 4 hr after injection, the fract ions a re quite s imi la r in 
specific activity. Stat is t ical analysis of the r e su l t s indicates a probabi l i ty 
of l e s s than ,01 that the samples at 30 min a re homogeneous, while after 
4 hr this probabil i ty is g r ea t e r than 0.2. 

The data appear to substantiate a hypothesis that the r a t e s at 
which choles tero l e s t e r s of ra t l iver a re renewed a r e he te rogeneous . 
The s imi la r i ty of specific act ivi t ies after 4 h r indicates that essent ia l ly 
equal propor t ions of each e s t e r pool a r e renewed., and that the differences 
observed after 30 min are the ref lect ions of individual r a t e s of 
e s t e r if icat ion. 

These r e su l t s , together with subsequent exper iments , indicate 
that the es ter i f icat ion of choles tero l does not proceed via a single 
pathway for all e s t e r s , but that it i s compar tmenta l ized according to 
the fatty acid. The means by which such segregat ion occurs cannot be 
establ ished as yet, but i ts exis tence may prove useful in explanations 
of the changes in se rum choles tero l level when the composit ion of 
the d ie ta ry fat is a l t e red . 

We wish to thank Mr . Sylvanus Tyler for h is invaluable aid in 
the s ta t i s t ica l evaluation of the r e s u l t s . 
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PROGRESS REPORT: THE BACTERIAL METABOLISM OF 
UNSATURATED FATTY ACIDS 

II. The Utilization of Ole ic- l -C^* Acid by Lactobacil lus arabinosus 

William M. O 'Leary 

The previous paper of this series!-'-i r epor ted details of the bac te r ia l 
uti l ization of c i s -vaccenic (cis-11,1 2-octadecenoic) acid. It was shown that 
this compound, when supplied in lieu of biotin, is taken into the bac te r ia l 
cells as such and is further converted to lactobacil l ic (cis--l 1,1 Z-methylene -
octadecanoic) acid. 

This r epo r t will deal with the uti l izat ion of oleic acid by the same 
bac te r i a l spec ies . Oleic (cis-9,1 0-octadecenoic) acid differs s t ruc tura l ly 
from the 11,12 configuration cha rac t e r i s t i c of the octadecenoic and cyclo­
propane nonadecanoic acids normal ly found in lactobaci l l i and other 
m i c r o o r g a n i s m s . 

Mater ia l s and Methods 

Oleic-1-C^^ acid was obtained from T r a c e r l a b , Inc., Waltham, Mass , 
Since chromatographic analys is of a sample of this acid revealed no chemi­
cal or rad iochemica l impur i t i e s , it was used without further purification. 
Fo r use in p repar ing culture media , sufficient highly purified unlabeled 
oleic acid was mixed with oleic-1-C acid to produce a specific activity of 
50,150 cpm/^M, 

The culture techniques and other exper imenta l methods employed 
were those descr ibed in the previous report.(•'•) 

Resul t s 

F r o m a 12- l i te r cul ture of L. a rabinosus grown on oleic acid in 
lieu of biotin, 5.8 g of dr ied bac te r i a l cel ls were obtained from which 
132.1 mg of fatty acids were ext rac ted . 

Microbiological a s say of the medium after growth and removal of 
cells showed that of the 405 mg of oleic acid originally p resen t , 317 mg 
remained, indicating that 88 mg or 0.312 mM had been uti l ized during 
growth of the bac te r ia . 

Resul t s of the analysis of fatty acids ext rac ted from the bac ter ia 
appear in Table 22. The combined total cel lular content of octadecenoic 
and cyclopropane nonadecanoic acids was 0.272 mM,, or approximately 
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TABLE 22 

Analysis in duplicate of the fatty acids of _L_, a rabinosus 
grown on oleic-1-C'^* acid (50,150 cpin/[jM)* 

Acid 

Octadecenoic 

Capric 

Laur ie 

Myris t ic 

Pa lmi t ic 

Cyclopropane 
nonade canoic 

Totals 

Percen tage of total 
cel lular fatty acids 

26.6 27.1 

1.5 2,1 

2.8 2.3 

2.9 3.0 

32.2 33.1 

33.2 32.1 

99.2 99.7 

Specific activity, 
cpm/ziM 

42,630 42,400 

** 

** 

** 

990 1,010 

41,820 41,570 

Total content, 
mM 

0,124 0,128 

0.148 0,143 

0,272 0,271 

0.312 mM removed from medium during growth. 

**Not significantly above background. 

87% of the amount of oleic acid apparent ly removed from the medium during 
growth. Measurements of the specific act ivi t ies of the fatty acid fractions 
and of the nonsaponifiable m a t e r i a l showed that radioact ivi ty was largely 
l imited to the octadecenoic and nonadecanoic acids with li t t le or no activi ty 
in other lipid f ract ions . The specific act ivi t ies of these two acids were 
s imi la r and were approximately 85% of that of the oleic acid in the medium. 

It was des i r ed to obtain at l eas t some indication of the posit ional 
i s o m e r s p resen t in the fatty acids of bac te r ia grown on oleic (c i s -9 , 10-
octadecenoic) acid. Microbiological a s s a y and mielting-point de terminat ions 
of the cyclopropane nonadecanoic acid p resen t in the bac ter ia gave data 
s imi la r to those r epor t ed for lactobacil l ic (cis-11,1 2-methylene-octadecanoic) 
acidi*^'-^/ and were not in ag reement with those repor ted for the 9, 10 i s o m e r 
of the same compound,!'*) Since the unsa tura ted fatty acids had to be con­
ver ted to their biologically inactive dihydroxy der ivat ives in o rde r to be 
chromatographical ly separab le , they could not be identified by mic rob io ­
logical methods . The usual separa t ion and analyt ical data for the i s o m e r s 
and their der ivat ives a r e too s imi la r to be informative, and not enough 
m a t e r i a l was available for degradat ion s tudies . However, it was possible 
to per form mixed melt ing point determinat ions with these dihydroxy acids 
using various authentic s amples . These data appear in Table 23. These 
p re l imina ry studies indicate that in cel ls of IJ_. a rabinosus grown on oleic 
acid, the 9, 10 isomer, the octadecenoic and cyclopropane nonadecanoic acids 
p resen t a r e of the 11,12 configuration. 
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Mixed Melting Point Determinat ions 

Compound 

I 

II 

III 

IV 

11,1 2-Dihydroxy-octadecanoic acid 
(prepared from c i s -vaccen ic acid) 

9, 1 0-Dihydroxy-octadecanoic acid 
(prepared from oleic acid) 

Dihydroxy-octadecanoic acid frora 
cel ls grown on c i s -vaccen ic acid 

Dihydroxy-octadecanoic acid from 
cel ls grown on oleic acid 

I + III, 1:1 

I + IV, 1:1 

II + III, 1:1 

II + IV, 1:1 

III + IV, 1:1 

Melting range, 
°C 

92.7 -

92,0 -

93.0 -

92.0 -

92,0 -

91.6 -

80.0 -

81,7 -

91.7 -

93.8 

93.4 

94.0 

93,9 

93,6 

93.4 

84.2 

86.0 

94.0 

Discussion 

In L. a rabinosus cells grown on complete synthetic medium con­
taining biotin, the sole octadecenoic acid is c i s -vaccenic acid, and the sole 
cyclopropane nonadecanoic acid is lactobacil l ic acid, both 11, 12 isomers , (5) 
When biotin is replaced in a medium by c i s -vaccen ic acid, the acid is in­
corpora ted into the bac te r i a l cel l where it consti tutes 95% of the cel lular 
content of this compound, and where it further se rves as the p r e c u r s o r of 
lactobacil l ic ac id . ( l ) These observat ions were in ag reemen t with previously 
postulated pathways of unsa tura ted fatty acid biosynthesis in bac te r i a . (D»7) 
However, the metabol ic functions of other b io t in- replac ing posit ional i s o m e r s 
of octadecenoic acid such as oleic acid were s t i l l obscure . 

The exper iments r epor t ed h e r e show that octadecenoic acid supplied 
in the medium in the fo rm of oleic acid, the 9! 10 i s o m e r , is also incorpo­
ra ted into bac te r i a l ce l l s , and in turn s e r v e s as the p r e c u r s o r for a cyclopro­
pane nonadecanoic acid. Of major in te res t a r e the r e su l t s of determinat ions 
of microbiologica l activity and mixed melt ing points which indicate that in 
cells grown on this 9, 10 isomer, the octadecenoic and cyclopropane nona­
decanoic acids p re sen t a r e themse lves 11,12 i s o m e r s . More detailed 
analyses requir ing l a r g e r amounts of ce l lu lar acids a r e n e c e s s a r y to 
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establ ish unequivocally the exact location of the double bond and the cyclo­
propane ring in these compounds. These p re l imina ry observat ions do 
strongly suggest that the 9,10 i s o m e r supplied in lieu of biotin is i somer i zed 
to the 11,12 forms cha rac t e r i s t i c of fatty acids found in so-ca l led no rma l 
lactobaci l l i l ipids , i .e . , lipids from lactobacil l i grown on biotin r a the r than 
biotin subs t i tu tes . 

The fur ther function of lactobaci l l ic acid in bac te r i a l physiology, 
which may provide a clue to the r eason for this m a r k e d preference for 
11,12 i s o m e r s , is now being invest igated. 
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