
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 
Louisiana Hospital, Mandeaille 
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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- 



Table 1. Compensation and incubation effect with physiological and synthetic sphingo- 
sine. The composition of the reaction mixtures was as follows: lipid activator, 30 mm3 
( 6  mg/1 ml of 0.85-percent NaC1) ; plasma, 150 mm" natural sphingosine, 30 or 60 mm3 
( 5  mg/1 ml of HzO) : synthetic sphingosine, 30 or 60 mm3 (1. 25 mg/1 ml of HzO) ; all 
volumes were made up to 270 mm3 with either Hz0 or NaCl (0.85 percent) as needed 
to obtain equivalent amounts of each in the final reaction mixture. Chicken plasma ob- 
tained from the carotid (method of Carrel) was used throughout. Clotting time was 
assayed by the method of Hecht ( 7 ) .  

Expt. 
No. Composition of reaction mixture 	 Clotting time 

Physiological NaCl solution + plasma 	 30 min, 0 sec 
Lipid activator (30 mm3) t plasma 	 4 min, 50 sec 
Physiological sphingosine (30 mm3) t plasma > 40 hr 
Physiological sphingosine (60 mm3) + plasma > 40 hr 
Synthetic sphingosine (30 mm3) +plasma 	 > 40 hr 
Synthetic sphingosine (60 mm3) +plasma 	 > 40 hr 
Physiological sphingosine (30 mm3) +plasma t lipid 

activator directly 	 5 min. 0 sec 
Physiological sphingosine (60 mm3) +plasma + lipid 
activator directly 	 I5 min, 15 sec 

Synthetic sphingosine (30 mm3) t plasma t lipid activator 
directly 	 4 min, 20 sec 

Synthetic sphingosine (60 mm3) +plasma t lipid activator 
directly 	 6 min. 10 sec 

Physiological sphingosine (30 mm3) t plasma + lipid 
activator added after incubation for 1 hr at 39'C 1 min, 8 sec 

Physiological sphingosine (60 mm3) t plasma t lipid 
activator added after incubation for 1 hr at 39'C 1 min. 25 sec 

Synthetic sphingosine (30 mm3) + plasma 4- lipid activator 
added after incubation for 1 hr at 39°C 	 43 sec 

Synthetic sphingosine (60 mm3) t plasma t lipid activator 
added after incubation for 1 hr  a t  39'C 	 58 sec 

gosine compensation." If the chicken and, when incubated with plasma, pro- 
plasma is first incubated for 1 hour at duce very short clotting times. N-ben- 
39OC with sphingosine, the clotting times zoyldihydrosphingosine is completely in- 
with the lipid activator are one-third to active, as is also the tri-acetyl derivative 
one-sixth of those obtained with the op- of sphingosine. 
timal concentration of the lipid activator Our  experiments give the information 
alone. This is called "incubation effect." that the presence of the double bond, as 
This effect is not seen if the plasma is well as the presence of the free func- 
added to the incubated mixture of sphin- tional hydroxyl and the amino groups, is 
gosine and the lipid activator ( 2 ) .  There- essential for the clot-delaying activity. 
fore we assume the presence of an un- We were also able to synthesize the 
identified component in the plasma two isomers of threoninol, which are the 
which reacts with the inhibitor to pro- lowest homologs of dihydrosphingosine 
duce the incubation effect. and which have the follo.iving structure; 

Fortunately, sphingosine and certain CH,-CHOH-CHKH,-CH,OH. T h e  
derivatives have been synthesized ( 6 ) .  free threoninols are ind~fferent in every 
T h e  structure of sphingosine is as fol- respect. Their oxalates have a powerful 
lo\z,s: CH,-( CH, ) ,,-CH=CH-CH- inhibitory influence on the clotting of 
OH-CHKH,-CH,OH. DL-sphingosine chicken plasma. Thi i  can be abolished 
has been studied in connection with by the lipid activator, but not after pre- 
chicken plasma, and all the reactions liminary incubation of the oxalates with 
that occur with the use of concentrates the plasma. Table 1 summarizes the clot- 
from biological sources are seen with the ting times of chicken plasma that has 
synthetic preparation. IIowevcr, smaller been treated with natural and synthetic 
quantities suffice., sphingosine only. 

The  intensity of the reactions wit11 E. HECHT 
sphingosine depends largely on its con- Mrdicnl Defrartment, Uniz~elszty 
centration, on the concrntration of t h ~  Hospital, Utrecht,  Netherlands 
lipid activator, and on individual prop- D. SHAPIRO 
erties of the plasma. Synthetic erythro- Daniel Sieff Research Institute, 
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inhibitors and give only a slight sphingo- Rehovoth ,  Isiael 
sine compensation. Both substances may 
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Reaction of 8-Quinolinol and 
2-Methyl-8-Quinolinol with 
Rare-Earth Elements 

I n  an attempt to improve the selec- 
tivity of 8-quinolinol as an  analytic pre- 
cipitant, various substituted compounds 
have been proposed. Merritt and Walker 
( I ) found that 2-methyl-8-quinolinol did 
not precipitate aluminum ion; thus it 
offered some selectivity over 8-quinolinol. 
Irving, Butler, and Ring ( 2 )  showed 
that this increased selectivity was the re- 
sult of the steric hindrance effect of the 
methyl group a t  the  2-position. This 
effect would also slightly alter the sensi- 
tivity of the reaction of this reagent with 
other metal ions. 

From the results of this previous work, 
one rvould predict that 2-methyl-8-quin- 
olinol would perhaps be less sensitive in 
the detection of the trivalent rare earth 
mctal ions than 8-quinolinol. Under the 
same conditions of hydrogen-ion and 
chelating-agent concentrations, this has 
been found to be true. 

T o  determine the sensitivity of the 
chelating agents, a modification of the 
Irving, Butler, and Ring ( 2 )  method was 
used. An S H 4 C 1 - S H 4 0 H  buffer was 
used because, with the buffers recom-
mended in the original method, on:y 
8-quinolinol gave precipitates with the 
metal ions ( p H  8.4) .  T h e  new buffer 
consisted of 100 g of KH4CI, 60 ml of 
concentrated S H 4 0 H ,  and 440 ml of 
~vater.  T h e  pH of a solution containing 
2 ml of this buffer in a total volume of 
6.2 ml was 9.5. Concentrations of the 
rare-earth chloride solutions were 0.01 
and 0.001M. T h e  chelating agents were 
O.lllr2 in 95-percent ethanol. Test solu- 
tions were heated 10 minutes a t  70°C, 
then after they had cooled to room tem- 
perature, they were observed visually for 
signs of a precipitate. 

T h e  results of the sensitivity tests are 
~ i v e n  in Table 1. T h e  concentrations of 
metal ions are expressed in micrograms 
of hf+"er milliliter. I t  can readily be 
seen that under the same conditions, the 
sensitivity of 2-methyl-8-quinolinol in 
precipitating the rare-earth metal ions 
is much less than that of 8-quinolinol. 
Quantitatively, thc former chelating 
agent averaged about one-eighteenth as 
sensitivc as the latter. 
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