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The prothrombin of the blood is elaborated 
in the liver. Andrus et al. (1939), and Warren 
and Rhoads (1939) produced experimental 
evidence in support, of this hypothesis. By 
total and partial hepatectomy in animals they 
produced a profound reduction in plasma 
prothrombin concentration which was unaffected 
by treatment with vitamin K and bile salts. 
It has been found essential to have vitamin K 
for the production of prothrombin, the level of 
which falls in subjects with vitamin K 

deficiency. The exact role which vitamin K 

plays in the formation of prothrombin is yet 
to be decided. Is it a necessary constituent of 

prothrombin or does it act as a stimulus to 
the liver for the formation of prothrombin ? 
Evidence is against the former contention, 
since pure prothrombin preparations do not have 
a naphthaquinone structure. Quick (1943) 
described prothrombin as composed of calcium 
and two separate .components, one of which is 
stable and is probably related to the oxidation- 
reduction systems of the blood, and the other is 
heat labile and inactivated by decumarol. 

Bile is essential for the proper absorption of 
natural vitamin K. Synthetic vitamin K 

analogues, particularly those which are water 

soluble, do not need bile salts for their absorp- 
tion if given in adequate doses. It is not 

certain as to the exact place of absorption from 
the bowel. Butt and Snell (1941) believe that 

it is absorbed through the upper part of small 
intestine. Javert and Macri (1941) mention 

that mineral oils taken internally inhibit the 

absorption of vitamin K. They dissolve 

vitamin K,and not being absorbed, are voided 

with faeces, taking with them the vitamin 
K. Liver acts as a store-house for vitamin K 
though only small amounts are stored. Increased 
prothrombin time may be due to inadequate 
intake of vitamin K or the failure to absorb this 
fat soluble vitamin, specially in the absence of 
bile which is necessary for the absorption of fats 
(Wilson, 1940). The prothrombin response to 
vitamin K has been claimed to be highly 
sensitive test of liver function, since the hypo- 
prothrombinfemia associated with severe liver 

damage does not respond to vitamin K therapy. 
Lucia and Aggeler (1941) disclaimed this view 

pointing that although liypoprothrombinsemia in 
cases of acute diseases of liver did not respond 
well to vitamin K there was no significant cor- 
relation between the hippuric acid excretion and 
plasma prothrombin either before or after 
administration of. vitamin K. The findings of 
Kark et al. (1941) also support this view. How- 

ever, it is an accepted fact that in acute and 
chronic affections of liver, there is generally an 
initial prothrombopenia which is not corrected 

appreciably after the administration of vitamin 
K. It is also helpful in differentiating obstruc- 
tive from intrahepatic jaundice as in the 
former the prothrombin time usually returns 
towards normal following the administration of 
the vitamin K (Simmons and Gentzkow, 1944). 
Lord and Andrus (1941) found that there was 
a rise of from 10 to 62 per cent in the plasma 
prothrombin following intramuscular injection 
of 2-methyl-l : 4-naphthaquinone in extra- 
hepatic jaundice (common duct stricture, 
cholangitis, carcinoma of the head of the 

pancreas, etc.), while in cases of intrahepatic 
jaundice the response was. 10 per cent or less. 
Kark and Souter (1941) also came to the con- 
clusion that in patients with intense jaundice 
the return of low prothrombin level to normal 
after vitamin K therapy is in favour of a 

diagnosis of obstructive extrahepatic jaundice. 
The observations noted in this paper are a 

result of my studies to correlate the. hepatic 
function tests with liver biopsy findings. During 
these studies which included all types of 
liver affections, it became obvious that all such 
cases had hypoprothrombinaemia, which showed 
a varying jjesponse to parenteral administration 
of vitamm' K. To correctly evaluate the 

response to vitamin K, hippuric acid synthesis 
test was done in all cases. In all these cases 

histological examination of the needle biopsy 
material was also done to correctly diagnose the 
nature of liver involvement. 
The vitamin used in the work was 2-methvl- 

1 : 4-naphthaquinone (Menaphthone B.P.)- 

Prokayvit, (B.D.H.) in doses of 10 mg. injections 
intramuscularly. The prothrombin time was 

determined before and after 24 hours of injec- 
tion of vitamin K. The method used was the 
modified technique of Iyengar et al. (1942). 
Hippuric acid test was done by the intravenous 
technique of Quick. Liver biopsy was performed 
with the Vim-Silverman needle (Wahi, 1946). 
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Thirty cases of liver disease have been 

investigated. Among these cases were patients 
of portal and. biliary cirrhosis, malignant 
growths of liver, subacute hepatitis, amyloidosis 
and reticulo-endotheliosis of liver, jaundice and 
congestive heart failure. In all these cases 

plasma prothrombin level before and after 
v administration of vitamin K and hippuric acid 
excretion was determined. The results are 

charted in the table. 

Discussion 

From the detailed analysis of the above 

cases, some interesting conclusions can be 
derived. Cases 2, 6 and 18 had jaundice, 
as the presenting symptom. They all had 
marked hypoprothrombinjemia; but on the 
administration of synthetic vitamin K,' they 
showed a very good response. This implies that 
these cases had no gross liver parenchymatous 

Table 

Comparative studies of response to vitamin K and hippuric acid in patients with liver disease 

Case Clinical diagnosis 

1. R. S. Cirrhosis of liver with 
jaundice. 

2. C. Cancer of liver with 
jaundice. 

3. 0. P. Cirrhosis of liver with 
jaundice. 

4. M. Chronic malaria with 
jaundice. 

5.- D. D. Cancer of liver with 
jaundice. 

6. C. Subacute hepatitis with 
jaundice. 

7. P. S. Pulmonary tuberculosis 
with enlarged liver. 

8. T. S. Cancer of liver with 
jaundice. 

9. R. S. Amoebic hepatitis with 
jaundice. 

10- R. L Endemic ascites with 
jaundice. 

11. M Cancer of liver 
12. D. Malarial cirrhosis 
13. S. b. Endemic ascites. Cir- 

rhosis of liver ? 
14. S. D. Amoebic hepatitis 

Initial 
T . . n ,. prothrombin Ln ei biopsy findings concentration, 

per cent 

Portal cirrhosis 50 

Extrahepatic biliary obstruc- 40 

tion. 
Portal cirrhosis 66 

Adenocarcinoma of liver 53 

Extrahepatic jaundice 44 

Amyloidosis of liver 61 

Adenocarcinoma of liver 70 

Biliary cirrhosis 40 

Portal cirrhosis 27 

Adenocarcinoma of liver 62 
Reticulo-endotheliosis 84 

Normal liver histology 87 

15. L. 

16. N. K. 
17. D. J. 

18. S. D. 

19. L. 
20. R. K. 

Portal cirrhosis 56 
Ascites. Cirrhosis of Tuberculosis of liver and 53 
of liver ? tubercular peritonitis. 
Chronic malaria j Reticulo-endotheliosis [ 56 

Hepatomegaly i Diffuse metastatic carcinoma | 38 

| of liver. 
Cancer of liver and Adenocarcinoma of liver 
jaundice. 
Amcebic hepatitis Subacute hepatitis 
Right heart failure Dilatation of sinusoids and 

! cloudy swelling of cells. 
Do. S*-B- 'Do. ,^u. ^2- M. D. Congestive heart failure Dilatation of sinusoids and 

1 fatty degeneration of liver 
! cells. 

Chronic bronchitis and Biopsy not done 
right heart failure. 
Pulmonary tuberculosis j Fibrotic changes present in 

with fibrosis and heart j the liver. 
failure. 
Chronic bronchitis, I Do. 
emphysema and right 
heart failure. 
Right heart failure 

23. P. L. 

24- R. L. 

25. B. R. 

26. M. 

27. p 
28. C. 
29. R. S. 

30. K. 

Early congestive failure 
Congestive heart failure 
Do. 

Do. 

Patches of necrosis and 
fibrosis. 
Dilatation of capillaries only 
Nutmeg liver 
Dilatation of capillaries, fatty 
degeneration of cells and 

patches of necrosis. 
Do. 

60 

82 
40 

35 
52 

52 

22 

36 

44 

67 
40 
40 

40 

Prothrombin 
concentration 

after 
vitamin K, 
per cent 

50 

70 

Do. 59 I 64 

66 

94 

76 

75 

45 

35 

70 
100 
98 

68 
64 

80 
50 

100 

85 
67 

78 
68 

70 

28 

47 

49 

76 
70 
55 

50 

Hippuric 
acid, g. 

0.46 

0.25 

0.28 

0.28 

0.4 

0.39 

0.7 

0.43 

0.46 

0.38 

0.17 
0.9 
0.84 

0.33 
0.5 

0.6 
0.49 

0.5 

0.6 
0.54 

0.4 
0.64 

0.39 

0.55 

0.22 

0.52 

0.42 
0.6 
0.3 

0.35 
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lesion and the low prothrombin level was there- 
fore not due to failure of formation of pro- 
thrombin, but to -failure of absorption from 

bowel due to absence of bile. With the adminis- 
tration of synthetic vitamin K (which does not 
require bile for its absorption) the prothrombin 
level went up. The jaundice was therefore 
obstructive in type.- This was confirmed by the 
liver biopsy findings. Jaundice in case 18 was 

probably due to obstruction of the common bile 
duct at the porta hepatis. These cases conform 
to group I of Kark and Souter (1941). 

Cases 1, 3, 5, 8, 9 and 10 also had jaundice 
and initial hypoprothrombinsemia. But the 

response to vitamin K was poor and prothrombin 
level never reached normal. This group of 

jaundiced cases had chronic parenchymatous 
lesion of the liver of long standing. This is 
confirmed by the histological findings of the 

biopsy material from the liver. Hypopro- 
thrombinsemia was due to non-formation of 

prothrombin and not to deficient supply of 
vitamin K. These two different types of 

response to vitamin K therapy in cases of 

jaundice thus help to differentiate between 
obstructive jaundice and jaundice due to paren- 
chymatous lesion. This, I think, is the greatest 
use of this test. 
Another group of cases (20, 21, 22, 23, 27 and 

28), clinically diagnosed as congestive heart 
failure and histologically showing dilatation of 

capillaries, cloudy swelling and fatty degenera- 
tion of liver cells, showed marked initial pro- 
thrombinopsenia, but the vitamin K response was 
good, though the prothrombin level never reached 
normal figures. These cases had parenchymat- 
ous liver damage of a moderate degree. The 

hypoprothrombinssmia was due to pressure on the 
interhepatic biliary ducts by the swollen cells 
and dilated capillaries, leading to diminished 
flow of bile and consequent diminished absorp- 
tion of vitamin K from bowel. Besides due to 
moderate degree of parenchymatous lesion 
(cloudy swelling an^ fatty degeneration in the 
cells) there was also deficient production of 
prothrombin; and hence after the.administration 
of synthetic vitamin K the prothrombin level 
never reached normal range. These cases 

correspond to group II of Kark and Souter 
(1941). When such cases (24, 25, 26, 29 and 
30) develop chronic hepatitis (as shown by 
patches of necrosis and fibrosis), they show 

very poor response to vitamin K. The vitamin 
K response test may be useful to the cardiologist 
in finding the possibility of enlarged liver of 

heart failure, returning to normal. Cases with 

poor response where level of prothrombin 
fluctuates within certain subnormal limits 

irrespective of vitamin K administration show 
that tbs r.atient is developing cardiac cirrhosis 

and tho iiver will not return to its normal size. 

Cases 1, 3, 4, 9, 10, 11, 14 and 17 had initial 

prothrombinopsenia which did not appreciably 
respond to vitamin K; the final level of pro- 

thrombin always remaining subnormal. These 

are the cases of chronic and long-standing 
liver affection, where liver cells were markedly 
damaged resulting in deficient formation of 
prothrombin (group IV of Kark and Souter). 
From these findings it is evident that initial 

hypoprothrombinsemia may be due either to 
defective formation of prothrombin in the liver 
or to defective absorption of vitamin K from 
bowel. In the latter cases administration of 
synthetic vitamin K will correct the initial hypo- 
prothrombinsemia and raise the prothrombin 
level to normal. In the former cases the 
vitamin K therapy will not produce any 

appreciable change. The vitamin K response is 
thus of great use in differentiating between 
obstructive jaundice and one due to parenchymat- 
ous liver lesion. Besides, the reaction is also 

helpful in pointing out the presence or absence 
of liver damage when jaundice is not present. 
Gases 12 and 13 were both clinically diagnosed 
as cirrhosis liver. The prothrombin response 
to vitamin K was very good, the concentration 
reaching normal. This showed that liver was 
not damaged and this conclusion was confirmed 
by the liver biposy findings, which showed the 
liver histology as normal. In contrast to this 
is case 10 which was diagnosed as endemic 
ascites (the underlying liver condition being 
doubtful), showed poor vitamin K response 
indicating liver damage. On liver biopsy it was 
found to be a case of portal cirrhosis. 
In all these cases, hippuric acid excretion was 

also estimated and the table shows a com- 

parative study of hippuric acid excretion and 

plasma prothrombin level. It is clear that in 
all the cases of liver disease (as proved by 
liver biopsy), the plasma prothrombin level 
determination before and after vitamin K 

therapy was as sensitive a test of liver dys- 
function as hippuric acid excretion. But there 
is no correlation between the two in showing 
the extent of the liver damage. 

Summary 
Patients with liver damage show an initial 

hypoprothrombinemia and a poor response after 
vitamin K therapy. 

In cases with intense jaundice there is a low 
level of plasma prothrombin. If after adminis- 
tration of vitamin K there is a rapid return of 
the prothrombin level to normal, the jaundice 
is likely to be obstructive, while if the response 
is poor, there is liver parenchymatous lesion 

present. 
In the comparative study of cases, the vitamin 

K response has been found to be as good a test 
of liver damage as hippuric acid, but no cor- 

relation exists between the two in showing the 
extent of liver damage. 
I wish, to thank Prof. G. N. Vyas and Dr. K. N. 

Gaur, Dr. K. S. Mathur and B. K. Dube for giving 
me facilities to work on their cases. I am particularly 
grateful to Dr. Kashi Nath for his constant help. 
The vitamin K used in this work was Prokayvit 

(Menaphthone B.D.H.) supplied free by the British 
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Drug Houses Ltd., London, and I am grateful to 
them. 
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