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Group of 
G rats Dosage per ra t  

Treatment of Degree of 
rats during 8- healing 

day assay period observed 
~ ~~~~~~~ ~ 

I 0.1 ml daily, subcutaneously, of propylene- 
glyool Kept in  darkness 0 

I1 Same Irradiated daily 0.1 
0.2 I11 Same, orally 2 7  9 )  

I V  0.2 ml every other day subcutan. of 
7 )  1.86 

V Same of activated 7-dehydro-cholesterol Kept in darkness 3.21 
3.43 
0 

7-dehydro-cholesterol in  propylene-glycol J )  

V I  Same but 0.1 ml daily orally , Y  ,? 9 ,  

V I I  Same but 0.9 ml every other day subcutan. 9 9  9 9  J ,  

The experiments demonstrate the fol- 
lowing: 

l--ktivated 7-dehydro-cholesterol, as es- 
pected, shows a strong curative effect on 
rachitic rats when it is injected sub- 
cutaneously. 

2-The subcutaneous injection of pro- 
vitamin D to rachitic rats kept in darkness 
is totally ineffective. 

3-The subcutaneous injection of pr+ 
vitamin D to depleted rats is effective only if 
the rats receive ample irradiation. 

4-Irradiation of rachitic rats alone un- 
der the conditions of our experiments does 
not prove curative. 

5-There is no essential difference in the 
curative effect of activated 7-dehydro-choles- 

terol whether it is given the rat subcuta- 
neously or pcr 0s. 

The failure of irradiation to produce any 
healing effect in the rachitic rat makes it 
doubtful whether the mammalian organism 
can produce any appreciable amount of pro- 
vitamin D. I t  seems possible, therefore, 
that the 7-dehydro-cholesterol isolated by 
several authors from mammalian tissue was 
not synthesized in the body but was present 
as a result of previously ingested food con- 
taining it or was perhaps produced by 
oxidation of the cholesterol in the course of 
its preparation.6 

________ 
6 Wintersteiner, O., and Ecrgstrom, S., J. Biol, 

( ' I i c i n . ,  1941, 137, '785. 
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Prothrombin Studies : 111. Effect of Vitamin K upon Hypoprothrombinemia 
Induced by Dicumarol* in Man. 

SHEPARD SHAPIRO, MILTON H. REDISH AND HAROLD A. CAMP BELL.^ (Introduced by 
J. Murray Steele.) 

From the Department of Medicine, New York Oniucrsity, and the Third (New Pork  Universi ty)  
Division, Welfare IIospitcil, Tt'rlfare Island, New Pork. 

The recent work of Overman, Field, Bau- 
mann and Link1 and of Overman, Stahmann 

and Link? has established that in animals. 
vitamin K administered in adequate dosage 
will counteract the hypopro t hrombinemic 

bis [4-hydroxycoumarin] ) . 
* Dicumarol is the collectivc tracle-mark of the 

Wisconsin Alumni Rcscnrch Foundation which effect Of Dicumarol ( 3 7  3' 
controls the use thereof. 

Foods Corporation, Hoboken, S.J. 

and Link, I<. P., J. ,17zitrition, 1042, 23, 589. 

t Present address: Centrnl Laboratories, General 

1 Overman, R. S., Field, .J. B., Bnnmsnn, C. A, 

In the work reported in man this has not 

2 Overnian, R. S., Stahmann, M. A, and  Link,. 
Ji. P., J .  Biol. Client., 1942, 145, 155. 
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been d e m ~ n s t r a t e d . ~ ~ ~ ~ ~  In our own clinical 
experience it has likewise been observed that 
synthetic vitamin K failed to alter the pro- 
longed prothrombin time induced by Di- 
cumarol administered for therapeutic pur- 
poses. -4n examination of the published 
data and of our own records revealed the 
fact that the quantities of synthetic vitamin 
K given were relatively small although 
within the limits recommended for treat- 
ment of hypoprothrombinemia as it occurs 
clinically and that at the same time the 
dosages of Dicumarol administered were 
relatively high. In view of the findings of 
the Wisconsin workers1p2 it appeared desir- 
able, in order to determine whether a similar 
relationship between vitamin K substitute 
and Dicumarol can be demonstrated in man, 
to use larger doses of synthetic vitamin K and 
the smallest effective quantities of the hypo- 
prothrombinemic agent. 

In a previous study we found 
the smallest single dose of Dicumarol ade- 
quate to prolong the diluted (12.5%) plasma 
prothrombin time in individuals with initial 
normal prothrombin time to 'be 100 mg. Six 
subjects showing this response were selected. 
Two additional cases were studied: In  one 
the minimal effectual dose was 150 mg and 
in the other 200 mg. Five were males. The 
ages varied between 24 and 72 years. The 
diets of these subjects were not controlled. 
Since the diet was in all cases adequate it 
was felt that variations in the food intake 
did not significantly alter the results ob- 
tained in studies of such short duration. In  
each case the initial diluted plasma pro- 
thrombin time was normal or only slightly 
prolonged. 

The technic used for prothrombin estima- 
tion was an extension of that described by 

Methods. 

3 Butt, H. R., Allen, E. V., and Bollman, J. L., 

4Neyer, 0. O., Bingham, J. B., and Axclrod, 

BLehmann, J., The Lancet, 1942, 1, 318.Q 
$ In a subsequent communication which ap- 

peared after tlds paper was prepared Lehmann 
reports tht  he observed correction of the Dicu- 
marol-induced hypoprothrombinemia by synthetic 
vitamin K. 

R o c .  Staff Xeet. Mayo Clin., 1941, 16, 388. 

V. H., Am. J .  Med. SOC., 1942, 204, 11. 

Science. 1942. 96. 345. 

Link and his associates.g In our procedure 
the prothrombin time of both whole and 
diluted (12.5%) plasma are estimated. The 
rationale has been set forth in a previous 
comm~nication.~ The thromboplastin used 
in this study was prepared from fresh rabbit 
lung. This yields a somewhat shorter pro- 
thrombin time than that found with rabbit 
brain.* 

After the smallest effectual single dose 
was determined, the prothrombin time was 
estimated daily. On the fourth or fifth day 
the single dose of Dicumarol was given by 
mouth in sealed capsules of 50 mg each. 
Daily estimation of the prothrombin time 
was continued until the values returned to 
normal. After a lapse of several days the 
same quantity of Dicumarol was repeated 
and simultaneously and at regular intervals 
thereafter for the 2 succeeding days, syn- 
thetic vitamin K was given perorally and 
intramuscularly. The prothrombin time was 
followed for 3 days. In one case the se- 
quence was reversed. 

Results. The prothrombin times were 
within the normal range during the period 
prior to administration of Dicumarol except 
in Cases 4 and 5 in which there was slight 
initial prolongation of the diluted plasma 
prothrombin time. 

The single dose of Dicumarol induced pro- 
longation of the diluted plasma prothrombin 
time in each instance (Fig. 1). In Cases 33 
and 5 the whole plasma prothrombin time 
increased also. 

After simultaneous feeding of Dicumarol 
and synthetic vitamin K and continuation 
of the latter on the succeeding 2 days the 

GCampbell, H. A., Smith, W. K., Rober,ts, W. L., 
and Link, K. I?., J .  Bwl. Chem., 1941, 138, 1. 

TShapiro, S., Sherwrin, B., Redish, M. IF., and 
Campbell, H. A., PROC. SOC. EXP. BIOL. AND MED., 
1942, 50, 85. 

sshapiro, S., Redish, M. H., and Campbell, 
H. A., manuscript in preparation. 

$ Attention is drawn to the fact that in Case 3, 
in which the minimal effectual dose waa 200 mg, 
the diluted plasma prothrombin time and the dif- 
ference between the values of the prothrombin 
times of whole and 12.5% plasma were less than 
normal. A state of hyperprothrombinemia is be- 
lieved to be a factor resnonsible for this.? 
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CASE I 

80 - 
6 0  , 

4o .----- 

60 . 

CASE 4 50 - 
40 -. 

-___--- 

40 

CASE 7 a+% 

CASE 8 40 

30 

DAYS 

NORMAL STANDARD I2 5 % PLASMA PROTHROMBIN TIME 
-----CONTROL 

ARITHMETIC MEAN- 395 SECONDS 
STANDARD DEVIATION 2 2 5 0 DICUMAROL 

X VITAMIN K 

1". 1. 
100 iiig anrouiits of Dicuninrol wcrc given in all instances except 

Cases 3 and 8 where 200 mg and 150 mg respectively were sdminis- 
tered. All doses were given orally. 

Synthetic vitamin I( 1va5 given as follows: 15 mg every 6 hours by 
mouth and 5 mg every 8 hours by intramuscular injeotion, making 
a total of 75 mg per day. In Case 3 the injections mere given every 
6 hours. 

prothrombin times remained approximately 
within the range observed during the control 
period. 

Discussion. The single dose of Dicumarol 
induced prolongation of the diluted plasma 
prothrombin time in each case. When this 
dose and the complementary synthetic vita- 
min K were administered practically no 
prolongation of the prothrombin time fol- 
lowed. This indicates that in the high 
levels used here synthetic vitamin K inac- 
tivated or neutralized the single minimal ef- 

fectual dose of Dicumarol. That this action 
was not caused by the initial feedings of the 
hypoprothrombinemic agent was shown in 
Case 8 (Fig. 1) in which the order in which 
the experiment was conducted was reversed. 
This is in agreement with previous observa- 
tions which show no development of sen- 
sitivity or immunity following administration 
of Dicumarol. 

It is important to note the particulars in 
which the present study differs from the 
previous work in man referred to above. 
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First, much smaller amounts of the hypo- 
prothrombinemic agent were used; and sec- 
ond, much larger doses of synthetic vitamin 
K were administered. That these were the 
significant differences was shown further by 
repeating the experiment in Case 3 using the 
same dosage of synthetic vitamin K and a 
larger dose (300 mg) of Dicumarol. Pro- 
longation of the prothrombin time was not 
prevented at these respective levels. 

It appears that the Dicumarol-induced 
hypoprothrombinemia involves a mechanism 
separate from that of a prothrombin de- 
ficiency consequent to a nutritional (vitamin 
K) lack. This is suggested by the fact that 
the doses ordinarily adequate for therapeutic 
effect do not detectably alter the prolonged 
prothrombin time caused by the anticoagu- 
lant although the extent of prothrombin time 
prolongation might be comparable. 

If a quantitative relationship can be estab- 
lished between the activity of Dicuniarol 
and of vitamin K it might be utilized as a 

means of biologically standardizing prepara- 
tions of compounds exhibiting vitamin K 
properties. Work is now in progress to de- 
termine this. 

Our findings are in accord with those of 
Link and his associates.1v2 

Conclusion. In  man, as has been demon- 
strated in animals, synthetic vitamin K ad- 
ministered in relatively large amounts has 
been found to counteract or neutralize the 
hypoprothrombinemia induced by a smallest 
single effectual dose of Dicumarol. 
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Modification of the Yeast-Growth Assay iMethod for Biotin. 

ROY HERTZ. (Introduced by R. JI. Fraps.) 
From the Division of Chemotlierupy, A-utional Institute of Hcnlth, U .  S. Public IIealth Scrvicc, 

Bethesda, Md. 

We wish to report a modification of the 
yeast-growth method of ‘Snell et aZ.l for the 
assay of biotin in tissues and body fluids. 
This alteration was considered ‘desirable 
since the existing method was found to be 
useful over a very limited range of biotin 
concentrations. Moreover, we encountered 
many instances of non-specific stimulation of 
yeast growth, particularly by human and 
canine urine samples. Our experience sug- 
gested that the medium previously employed 
was somewhat deficient for maximal growth 
of S. cerevisiae. 

1 Snell, E. E., Eakin, R. E., and Williams, R. J., 

2 Mitchell, H. K., and Williams, R. J., Biochent. 
J .  Am. Chem. SOC., 1940, 62, 175. 

J . ,  1940, 34, 1532. 

Mitchell and Williams2 have demonstrated 
that certain amino-acids as well as a casein 
digest greatly enhance the growth of several 
strains of S. cerevisiae in a synthetic medium. 
These findings suggest that the addition of 
a biotin-free casein digest to the medium of 
Snell et al. may afford more nearly maximal 
growth and eliminate the occurrence of non- 
specific stimulation. We have accordingly 
developed a new medium containing an op- 
timal amount of biotin-free casein hydroly- 
sate. 

Since our performance of the assay differs 
in *many details from that of the earlier 
workers it is advisable to describe our pro- 
cedure in some detail. 

Method. The medium requires the fol- 
lowing ingredients of highest purity: 




