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case), in 8- by 8- by 8-inch ~vire-mesh 
cages (8 ) .T h e  cage groups were main- 
tained in the animal colony until they 
had reached assigned test ages, when 
they were exposed to 100 r of x-radia-
tion per day, 5 days per week, for the 
duration of life. The  cages were trans-
ported to the x-ray cubicle and were 
irradiated; the mice that they contained 
rrere in a vertical x-ray beam that de- 
livered about 15 r/min 0.5 inch above 
the cage floor. Dose rates were meas-
ured rrith Victoreen condenser cham-
bers. Radiation factors were: 200 kvp 
(peak) at 15 ma from a half-wave gen- 
erator; 0.5 m m  Cu and 1.0 m m  A1 
added filtration; half-valve layer, 0.9 
mm Cu. 

The  distributions of survival times 
after the beginning of treatment arc 
given in Table 1. Mean after survivals 
(MAS) ,  their standard error ( S E ) ,  the 
standard deviations of the survival 
curves ( S D ) ,  and the mean accumu-
lated doses ( M A D )  are also given. 

In  the period from 100 to 600 days of 
age, the mean accumulated dose s l~o~vs  
comparatively little dependence on age, 
but in the period from 600 to 800 days 
of age, it decreases rapidly. 

The  results found here are in fairly 
good accord with those of t ~ v o  LD,, 
studies that covered the same age ranges. 
Zirkle et al. ( I )  and Kohn and Kalhnan 
( 3 )  found little change in LD,, in the 
first year, and Hursh and Casarett ( 2 )  
found LD,,'s of 715 r for 6-month-old, 
and 600 r for 16-month-old, rats. Studies 
currently under way indicate that in 
mice there is a small but significmt in- 
crease in LD,,/30 days and M:\D/30 
days during the period from 100 to 400 
days of age ( 9 ) .  All of these data are 
consistent in indicating that the change 
of radiosensitivity with age is small dur- 
ing the first half of the adult life span. 

The  dependence of radiosensitivity on 
age in the later part of the life span has 
not been reported previously. The  data 
presented here indicate that sensitivity 
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Fig. 1. Survivorship and after-expectation 
curves for untreated CF No. 1 female mice 
that were maintained in the same labora- 
tory environment as the mice that were 
tcstrd for radiosensitivity. 

increases rapidly with age in this period. 
Although the samples available for test 
at  advanced ages were small, the down- 
~vard  trend observed at ages greater than 
600 days is highly significant. This is 
confirmed by current studies ( 9 ) .  

Thc  survivorship curve and the after- 
expectation of life curve for untreated 
C F  No. 1 female mice is given in Fig. 1. 
These curves are based on a large sample 
of mice that were maintained in the 
sanlc laboratory environment contempo- 
raneously with the mice that were tested 
for radiosensitivity. 

One of the reasons for making this 
study on the age-dependence of radio-
sensitivity Ivas to test the adequacy of a 
set of postulates about the lethal action 
of ionizing radiations. In  brief. the postu- 
lates specified that injury is proportional 
to dose, that recovery is proportional to 
amount of injury, that all kinds of radi- 
ation injury sum with the effects of age, 
and that injury due to aging accumu-
lates as a linear function of age. These 
postulates had been enunciated by me 
(8) and, in a basically similar form, by 
Blair (10) .  . in  important deduction was 
that the curve of LD,, versus age should 

Table 1. Survival times of CF No. 1 female mice exposed to 100 r 5 days per week, mean 
after-survival times (MAS), standard errors of means (SE) ,  standard deviations of sur- 
vival times (SD),  and mean accumulated dose (MAD).  Day 0 was the day of first 
exposure. 

Age 

at 

ex- Survl\al time (day) 	

71 hI4S SE SD MAD 
posure 

(day) 


have approximately the form of the  
curve of after-expectation of life; that 
is, it should be approximately linear 
during the first half of life and concave 
upward throughout adult life. The  curve 
of mean accumulated dose versus age 
(Table 1 )  departs markedly from this 
form. In  view of the available data on 
LD,, versus age, and of the form of the 
radiosensitivity curve found in this study, 
it is concluded that one or more of the 
postulates referred to in the first part of 
this paragraph must be revised (11) .  

GEORGEA. SACHER 
Division of Biological and Medical 
Research, Argonne AJational L,aboratory, 
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Oxidation of Chlorpromazine by 

Peroxidase and Catalase 

T h e  in vivo and in vitro conversions 
of 	 chlorpromazine to its sulfoxide have 
been observed (1 ,2 ) .  The  mechanism of 
oxidation has not been described. This 
report is concerned with the oxidation 
of the drug by hydrogen peroxide in the 
presence of the enzymes peroxidase and 
catalasc. Peroxide oxidation of pheno-
thiazines generally has long been known 
( 3 ) ;  ho~rever, under the conditions pre- 
vailing in biological systems, the un-
catalyzed ~eroxidat ion is sluggish. 

I t  \+as found that in the range pH 3 
to 6.3 chlorpromazine \+as readily con-
verted to a deep red substance by hy- 
drogen peroxide and peroxidase. A simi- 
lar 	 result \+as obtained v i th  catalase 
over a more restricted pH range, no 
color appearing above pH 4.5. In  both 
cases, the solutions bleached at rates de- 
pendent on the relative concentrations 
of the reagents. Both the extent of color 
production and the rate of bleaching 
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were appreciably lo~ver in the presence 
of catalase than they were when per-
oxidase Lvas used. At very low peroxide 
concentrations and fairly high chlor-
promazine concentration, the bleaching 
was retarded, and the absorption spec- 
trum of the red material could be ex-
amined (Fig. 1 A ) .  When bleaching was 
complete, the ultraviolet absorption 
spectra of the enzymic reaction mixture, 
chlorpromazine, and chlorpromazine 
sulfoxide were compared. T h e  spectral 
comparison (Fig. 1B) indicates that the 
sulfoxide was probably present in the 
product mixture. 

Descending paper chromatograms 
were developed with the solvent mixture 
recommended by Salzman and Brodie 
( 2 ) .  Aliquots of the enzymic reaction 
mixture Lvere taken a t  several intervals 
after the reaction was started. Within 10 
minutes, a spot identified as that of the 
sulfoxide was detectable, and Lvithin 30 
minutes the sulfoxide spot was strongly 
colored, while the chlorpromazine spot 
showed a greatly reduced color intensity. 
Sampling of the completely bleached re- 
action mixture several hours later re-

Fig. 1. Absorption spectra of enzymic 
oxidation products. ( A )  Curve 1: Hz02 
( 1.7 x 10-W),  chlorpromazine hydrochlo- 
ride (9.2 X 10-4M), and horse radish per- 
oxidase ( Worthington; 1.3 bg/ml) in 
0.1M acetate buffer at fiH 4.5. Curve 2: 
HzOz and chlorpromazine as for curve 1 
and crystalline beef liver catalase (Worth- 
ington; 13 yg/ml) in 0.06M acetate buffer 
at pH 4.5. The blanks contained all com- 
ponents except HzOz. ( B )  Solid line: 
chlorpromazine sulfoxide ( 10-W) . Curve 
showing experimental points: the initial 
reaction mixture contained chlorproma-
zine. HC1 (1.6X 10-4M), HzOs (3.8 x 
104M), and peroxidase ( 3  bg/ml) in 
0.06M acetate buffer at pH 5.5. After 30 
minutes, a sample was diluted 1/15 with 
buffer for spectrophotometry. Both curves 
represent measurements made in the same 
buffer. The blanks contained all compo- 
nents except chlorpromazine. 

10 15 20 25 
MINUTES, 

Fig. 2. Time courses of formation and de- 
cay of enzymic oxidation products. Curve 
1: red intermediate; chlorpromazine . HC1 
(9.7 x 10-%), HzOz (1.76 x 10-4M), and 
peroxidase (2.3 jtg/ml) in 0.1M acetate 
at fiH 4.5. Measurement was made with 
the photomultiplier attachment at 527 mjt, 
slit 0.09 mm, and approximately 25°C. 
The blank contained all components ex- 
cept the enzyme. Curve 2 :  same conditions 
as in curve 1 except that chlorpromazine 
and enzyme concentrations were reduced 
to 9.7 x 10-jM and 0.23 bg/ml, respec-
tively. Measurements were made at 274 
mjt, slit 2.1 mm, no photomultiplication. 
The blank contained all components ex- 
cept the enzyme. 

sulted in the appearance of a very strong 
sulfoxide spot. I n  no case did more than 
two spots appear. Either the red product 
was not detectable with the sulfuric acid 
spray, or its migration was identical with 
that of chlorpromazine. Catalase oxida- 
tion produced the same result, giving 
spots having RI values of 0.82 to 0.84 
and 0.93 to 0.96. Control Rt values for 
the sulfoxide and chlorpromazine run 
under the same conditions were, respec- 
tively, 0.77 to 0.86 (0.82 average) and 
0.89 to 0.97 (0.93 average). 

A qualitative indication of the time- 
courses of formation and decay of the 
red product and the formation of the 
sulfoxide was obtained by follo~ving ab- 
sorbancy changes a t  527 and 274 mjt 
(Fig. 2 ) .  T h e  rapidity of the former re- 
action and the relative slowness of the 
latter suggested that the red product was 
a precursor of the sulfoxide. Since the 
blank cuvettes in these experiments con- 
tained all components except the enzyme, 
compensation for any nonenzymic per-
oxidation Lvas made automatically. In-
deed, no slit adjustment was necessary 
during either experiment, and it was 
concluded that no measurable uncata-
lyzed oxidation had occurred. I t  has been 
sho~vni n  vivo ( 2 )  that the sulfoxide it- 
self undergoes further metabolism. Since 
the systems described here yielded the 
sulfoxide as the terminal product, it was 

clear that, a t  best, these oxidations could 
not account for any steps bpyond sul-
foxide formation in the over-all metab- 
olism. 

T h e  metabolic significance of catalase 
and peroxidase is not entirely clear, nor 
is it certain that mammalian peroxidases 
would carry out the reactions described 
here for the horse radish enzyme. I t  is 
doubtful that these reactions represcnt 
more than interesting models of the ac- 
tual mammalian oxidations. I t  is of in- 
terest that Tauber ( 4 )  has also shown 
that crystalline catalase is capable of 
oxidizing various large molecules. 

I t  may be noted that, in tissues that 
are capable of generating respective 
amounts of hydrogen peroxide metaboli- 
cally, the possible effects of catalase or 
peroxidases (even free hemoglobin) 
~vould be difficult to eliminate in studies 
on phenothiazine oxidation ( 5 ) .  

D. J. CAVANAUGZI 
Biochenzical Laborato~.y, Southeast 
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Sphingosine as an Inhibitor 

of Blood Clotting 

One of us has isolated from brain tis- 
sue a powerful clot-delaying substance 
Lvhich has been identified as sphingosine 
(1, 2 ) .  This substance is a component 
of cerebrosides and sphingomyelins, but 
it is also found free as a contaminant in 
preparations of the latter, thus acount- 
ing for their inhibitory effect in blood 
clotting ( 2 ) .  Pure sphingomyelin is in- 
different in blood-clotting reactions. 

Sphingosine has also been isolated 
from the lipid activator of pig brain ( 3 ) ,  
and it seems to be the active principle of 
antithromboplastin (also called anti-
cephalin) ( 4 ) .  According to Tocantins 
and Carroll (5),antithromboplastin ap- 
pears in the blood of hemophiliacs in ab- 
normally high quantities. With sphingo- 
sine and chicken plasma, interesting 
reactions are observed. JVith small 
quantities, clotting times are prolonged 
to 40 hours or more. However, in the 
presence of the lipid activator from pig 
brain, the inhibitory effect of sphingosine 
is abolished, and the clotting times may 
even be shorter than those obtained ~v i th  
optimal concentrations of the lipid ac-
tivator alone. This may be called "sphin- 


