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Absorption of Water-Soluble Vitamin K from Intestinal Tract."+ 

E. D. WARXER AXD JOSEPH E. FLYNN. 
From tlie Department of Pathology, State LTaicersitg of Iowa, Towa City, IOWU. 

Bile salts are known to be essential for the absorption of fat- 
soluble forms of vitamin K from the intestinal tract, but it is not 
known whether they are of benefit in the absorption of the water- 
soluble forms. To obtain data regarding this, we have used bile- 
obstructed rats in which the vitamin K reserves were depleted pre- 
operatively by the technic previously reported from this labora- 
tory.' After ligation of the bile duct, the animals were placed on 
a diet2 from which vitamin K was still more rigidly excluded. 
Within 3-4 days the prothrombin level falls into the bleeding zone. 
The subsequent rise in prothronibin, following the oral administra- 
tion of vitamin K, was used as a measure of the extent to which 
the vitamin is utilized, either with or without supplements of bile 
salts. 

Prothrombin determinations were made by the 2-stage technic 
of Warner, Brinkhous, and Smith ;3,4 bile salts ( 1 cc of 3 % sodiuni 
taurocholate) and vitamin K were given through a metal tube into 
tlie stomach. ,4s a source of water-soluble vitamin I<, we used the 
potassium salt of the disulfuric acid ester of Z-methyl-l,4-naphtho- 
hydroquinone. Since this work was initiated the sodium salt of 
this compound was described by Fieser.5 It is apparently somewhat 
less potent' than 2-niethyl-l,4-naphtlioquinone, when the two 
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t The potassium salt of the disulfuric acid ester of 2-methyl-1,4-naghthohydro- 
cwinone, used in  these experiments, was prepared in  November, 1939, as a part  of a 
eooperative program in which a series of compounds of this type was synthesized 
by George H. Coleman, J. J. Carnes and D. W. Kaiser of the Department of 
Chemistry, State University of Iowa. 
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GO8 WATER-SOLUBLE VITAMIN K 

TABLE I. 
Response of Rats* to a Water-soluble Form of Vitamin K. 

Prothrombin levels (% of normal) 
I-- \ 

2 y of 5 y of 8 y of 
Days of vitamin vitamin vitamin 

treatment daily daily daily 

0 
1 
2 

Results with vitamin K plus bile salts. 
24 19 17 
14 52 57 

dead t 62 78 
106 

15 12 29 
14 16 50 
15 38 86 

56 
68 91 

Results with vitamin I( but without bile salts. 

- 

* Albino rats weighing 200 to 300 g. 
t Autopsy showed extensive intraabdominal hemorrhage. 

compounds are compared on a molar basis. Our own experience 
indicates that the compound is non-toxic when given orally to rats in 
doses 100 times the physiological requirements. 

Table I shows typical examples of the response of K- 
deficient rats following- administration of daily doses of 2, 5 and 
8 pg of the water-soluble compound. I t  is readily seen that bile 
salt did not appreciably modify the therapeutic efficacy of the vita- 
min. At the level of 2 Jug, the prothrombin level remained in the 
bleeding zone. At the level of 5 pug, the recovery was 3570% com- 
plete, both with and without bile salt, and with daily doses of 8 pg 
the prothrombin rose above the 75% level. 

When fat-soluble forms of vitamin K are administered to man, 
the danger always exists that the dose of bile salt will not be ade- 
quate in amount, or that the bile salt may not mingle properly with 
the vitamin following dissolution of the capsules. The oral admin- 
istration of water-soluble vitamin K, if effective in man, will elimi- 
nate this problem. It will also eliminate much of the nausea and 
vomiting produced by the bile supplements, It is obvious that when 
the acute phase of the disease subsides, bile salt should then be given 
to enable absorption of the many fat-soluble components of the diet. 

Results. 


