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ing, humidity and temperature. It melts at 
180°C with decomposition, but below that 
temperature it appears not to decompose 
spontaneously. It is soluble in cold water to 
about 1 or 2% and in hot water to about 
10%. It is also soluble in alcohol.$ 

Summary. Thicrsemicarbazide, a derivative 
of both thiourea and hydrazine, has proved 
to differ from other toxic thioureas previously 
studied. Instead of producing fatal pulmon- 
ary edema in a limited number of animal 
species and not hanning others at  equivalent 
dose levels, thiosemicarbazide caused convul- 
sions and death within 1 to 3 hours in the 
6 species tested, when given in amounts rang- 

$ The analytical data on thiosemicarbazide gircn 
in this paragraph were very kindly providrd by 
Dr. J. R. Veuglian of the American Cyanamid 
Conipan y. 

ing from 10 to 30 mg/kg. In some individual 
laboratory rats, however, including those in 
which the convulsions had been suppressed 
by administration af a barbiturate, death was 
delayed and accompanied by the development 
of pulmonary edema. Thiosemicarbazide may 
have promise as a practical rdenticide, be- 
cause of its general toxicity to rats of several 
species and ,because it appears to be readdy 
accepted in lethd amounts when offered to 
rats in either water solution or bait. 

It is a pleasuro to acknowledge the kindness of 
Dr. Wayland G. Haycs of the (lommunicable Dis- 
case Center, U. 8. Public Health Service, Saran- 
nah, Georgia, who provided the nucleus of our 
Alexandrine rat colony, and of Dr. R. 0. Roblin, 
Amerimn Oganamid Company, who has helped in 
many ways throughout the course of this study. 
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Although the physiological activity of 
dicumarol has been assayed by its effect on 
the prothrombin time, no chemical method 
for its estimation has been available. A 
rapid chemical method would make possible 
a study of certain problems concerning di- 
cumarol about which little is known. These 
are its physiological disposition in man, its 
relationship to vitamin K in the clotting 
mechanism, and its formation in spoiled sweet 
clover. 

-4 chemical method is described below 
which involves isolation of the drug from the 
body by extraction into heptane. The drug 
is returned to alkali and measured spectro- 
photometrically at  315 mp where the drug 

* Thia work was supported by a grant f rom the 
Institutc for  the Skudy of Analgesic and Scd.atiTe 
Drugs. 

exhibits a pronounced peak (Fig. 1). 
Reagents. 1. Standard solution of di- 

cumarol 100 mg per liter. 100 mg of di- 
cumarol are dissolved in 1 liter of 0.1 N 
NaOH. This solution is stable for at least 
one month when stored in the refrigerator. 

2. 3 N HCl. 
3. Heptane. (Paragon Testing Company). 

A technical grade of heptane is purified by 
successive washings with 1 N NaOH and 1 N 
HC1 followed by 2 washings with water. 
4. 2.5 NNaOH. 
Procedure. Add 1 to 3 ml of plasma or 

urine (sample containing up to 50 y of di- 
cumarol) and 0.5 ml of 3 N HCl to 20 m.1 of 
heptane in a 60 ml glass-stoppered bottle. 
Adjust the aqueous volume to about 3.5 ml 
if necessary by the addition of water. Shake 
for 30 minutes on a shaking apparatus and 
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WAVE L E N G T H  (MU) 
P I G .  1. 

Tlir absorption sprctrum of di1~uninr111 iii 2.: S 
The concentration of thcS c.oiillwunrl JWS NaOH. 

10 y per nil. (!ell tliirltness x 1 em. 

then centrifuge the bottle. Transfer 15 ml 
of the heptane phase to a 60 nil plass-stop- 
pered bottle containing 4 ml of 2.5 ?; SaOH.  
Shake for 5 minutes. Transfer the contents 
to a test tube and centrifuge for 5 minutes. 
Remove the organic phase by aspiration with 
a fine-tipped pipette. Transfer about 3 i d  

of the aqueous phase to a quartz cuvette and 
determine the optical density in a spectro- 
photometer (Beckman) with the instrunient 
set at  the wave-length 315 mp. X reagent 
blank with water substituted for plasma is 
run through the same procedure. This blank 
is used for the zero setting and should have 
an optical density not greater than 0.005 
when 2.5 N NaOlH is used for the zero setting. 

Standards. The distribution of dicumarol 
in a heptane-acidified water system is such 
that at  room temperature with volumes of 20 
and 3.5 ml respectively, about 95% of di- 
cumarol is in the organic phase. Standards 
are prepared by handling known amounts of 
dicumarol as in the procedure described above. 
The optical densities were found to be pro- 
portional to concentration. An optical 
density of about 0.130 is obtained in a Beck- 
man spectrophotometer when 10 7 of di- 
cumarol are run through the above procedure. 

Results. Recoveries of dicumarol added to 

plasma in amounts of 5 to 50 7 were quite 
satisfactory (100 -t- 3 % ) .  The sensitivity is 
more than adequate for the plasma levels 
which are obtained after therapeutic doses of 
the drug. 

,Issay of Specificity. There is a negligible 
amount of material in normal plasma and 
urine which assays as dicumarol in the ana- 
lytical procedure described above. The pos- 
sible interference by metabolic products of 
the drug was examined by a distribution tech- 
nic previously described by one of  US.^.^ I t  
involves a comparison of the distribution of 
the substance extracted from plasma with . 

that of the authentic substance in a two-phase 
system consisting of an organic solvent and 
water at various pH values. Dissimilar dis- 
tributions indicate the presence of a substance 
different from the authentic compound. To 
escape detection a transformation product 
would have to have not only a similar disso- 
ciation constant but identical solubility char- 
acteristics in two solvents. 

The examination in the case of dicumarol 
was made with heptane extracts of the pooled 
plasma of 2 subjects who had received the 
drug. The plasma was obtained 23 hours 
after the oral administration of a 500 mg 

TABLE I. 
I )i\tribution of Dicumarol and Apparent Dicuma- 
1 1 1 1  JIcat\rc,cb:i H(~i)tanc and Water at Various pII 

Valurs. 
Thr apparent dieumarol was obtained by ex- 

traction with hrptane of t h e  acidified plasma 
of  S sub-jects nho had reeaived dieumarol. The 
voinpound 'W:M rrturned to  dilute alkali. Aliquots 
of this  solution and of an authentic dieumarol 
solution Z V C ~ C  adjusted t o  various pH values and 
shakrn with 2 volumes of heptane. The fraction 
of the compound extracted at various pH values is 
cbxprrssrd us the ratio of the amount of compound 
in the organic nhase to total aomnound. 

~ 

Authrntic Apparent dicumarol 
1111 dieurnnrol from phsina 

1 .9.5 .94 
l i  .9:3 .91 
f i , >  .90 .87 
7.11 .81 .80 

.53 5 2  
8.0 .36 . .35 

___ ~ _ _ _  __ 

- -  
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1 Brodie, B. H., and t-dcnfyiend, S., J .  Bid. 

ZBrodic, B. B., Cdenfriend, S., and Baer, J. E., 
Chew., 1945, 1511, 705. 

.1. R i d .  Chem., 1947, 168, 299. 
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dose. The distributions of dicumarol between 
heptane and water at various pH values were 
compared with those of the apparent com- 
pound extracted from plasma. The results 
showed that within experimental error the 
apparent and authentic compound had the 
same solubility characteristics and were, 
therefore, presumably the same compound 
(Table I ) .  

Basic organic drugs do not interfere in the 
procedure for dicumarol since they are not 
extracted at an acid pH. The following acidic 
or neutral drugs were tested for their interfer- 
ence in the procedure for dicumarol: acetani- 
lide, phenacetin, antipyrine, phenobarbital, 
sulfanilamide, sulfadiazine, sulfathiazole, 

penicillin, vitamin K, nembutal, pentothal, 
and salicylic acid. Only pentothal and salicy- 
lates interfered in the procedure and conse- 
quently these substances should not be 
present when analyses for dicumarol are be- 
ing made. 

Summary. A simple and sensitive spectro- 
photometric method for the estimation of di- 
cumarol in plasma and urine is described. 
DicumaroI is isolated from the biological 
material by extraction into heptane. The 
drug is returned to alkali and measured 
spectrophotometrically at  3 15 mp. The 
method is specific in that it does not include 
metabolic products of the drug. 
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In the literature there are but few reports 
of studies on serum choline content (Guggen- 
heim and Loffler,l Sieburg and Patzschke? 

It appears from these studies that the con- 1.1 

centration of choline in human serum ranges + 1.0 

from about 0.2 to 2 mg %. -4s far as has been 
ascertained, no records are available of studies o 7  
presenting evidence of seasonal variations in 5 o.6 

serum choline content. 0.5 

The present study comprises 142 duplicate 0.4 

determinations of serums obtained from both ”,:; 
1947 to May 1, 1948. Determinations of 0 

of Abdon and Ljungdahl-Ostberg’l by con- 

mg% 
1.5 

1.4 

1.3 
1.2 Luecke and Pearson,” and SchlegeP) . 

0.8 

men and women in the period from May 1, 

choline were made according to the method 1947 1948 

0.1 

FIB. 1. 

different months of the yrar. 

- ~~~ 

1 [+uggenheim, M., and Loffler, W., Blochem. d., The average serum rholine eontc’J1t during the 
1916, 74, 303. 

2 Sieburg and Patzsehkc, Z. d .  ges. exp. &fed., verting choline into acetylcholine, which 
physiologically is about 100,000 times as 

3Luerke, R. W., and I’earson, P. R., J .  Bid. active as choline. Its action was determined 
4 Sclilegel, J. U., Variationer i Serumcholinind- 5 Abdon, PI’. O., and Ljungdzzhl-Ostberg, K., 

1903, 36, 324. 

Ckeni., 1944, 153, 259. ~ ._ _I 

lioldet hos Mennesker, Cupenlingen 1948 (Thesis). Actu Phy,vioZ. Scandinuv., 1944, 8, 103. 




