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At present, nothing is known of the cause of the 
bleeding and petechial hemorrhages occurring in scurvy. 
The general opinion [5, 8, 12] is that the hemorrhage 
is due to an increased permeability of the capillary walls. 
Others [14, 15] consider that lack of vitamin C causes a 
disturbance of the blood clotting mechanism and that 
there is a fall in the amount of prothrombin which slows 
the clotting process. However, this has frequently been 
denied [16]. 

In previous experiments [1] we have shown that when 
guinea pigs are fed on a vitamin C deficient diet, besides 
the vitamin C deficiency, there are also blood changes 
in which the blood clotting rate is 30--40~ below normal. 
It may be restored by daily injections of 2.5 mg of as-. 
corbtc acid. It has been shown that the effect on blood 
clotting is specific. 

In the present work, a study has been made of the 
reduced clotting power of the blood in vitamin C de." 
ficiency, and prothrombin and thrombotropin have also 
been investigated. 

M E T H O D  

The experiments were carried out on guinea pigs 
weighing 300 -- 370 g maintained on a vitamin C de- 
ficient diet consisting of rye straw, oats, oatmeal and 
water. After 12-- 15 days there was a fall in weight, and 
the animals died after 18-- 9.2 days. Post mortem exami- 
nation revealed hemorrhages in the knee joints and ribs 
and the teeth were easily removed. Control animals on 
the same diet receiving dally tujections of vitamin C 
gained weight and developed no symptoms. Samples of 
venous blood were collected from the jugular vein before, 
and at set times after being put on a vitamin C deficient 
diet, and changes in the concentration of the thrombo- 
genie components, and in clotting times were determined. 

The bl0od-clotting power was measured by the 
method of B. A. Kudryashov oxld P. D. Ulitina [7] as 
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modified by us for guinea pigs [1]. P~othrombin concen- 
tration was measured by the method of B. A. Kudryashov, 
P. D. Ulitina and A. A. Pugacheva [6], and thrombo- 
tropin by B. A. Kudryashov's method [5]. 

Because the above methods were worked out on blood 
and thrombokinase taken from white rats, the dotting 
time of 80 normal guinea pigs was determined for dif- 
ferent prott~ombin and thxombotropin concentrations. 
The latter were varied by diluting the plasma with phys- 
iological saline. The mrombokinase was prepared from 
guinea pig brain tissue by a method described previously 
[6]. The results are shown in Fig. 1,a,b. The activity of 
the prothrombokinase of the blood platelets was deter- 
mined by a method described by T.M. Kalishevskaya in 
which the platelets are separated by fractional centri- 
fugation, and the prothrombokinase extracted with cold 
phystological sa/lne. When activated by plasma thrombo- 
tropin active thrombokinase Is formed which in the 
presence of CaC1 z causes the plasma of normal animals 
to clot in 12-- 13 sec. The blood,.platelet count was 
made by Fonio's method. 

RESULTS 

The results in Table 1 show that 1 3 -  15 days afrex 
the start of the experiment besides a fall in the clotting 
rate there is also a reduction in prothrombin and thrombo- 
tropin concentrations. The~e is less change in these con- 
cent~ations than in the clotting rate, and the tbxombo- 
uopin level falls by 38-- 3g%. This result could hardly 
account for the fall in blood clotting rate of 62-- 61% 
(experiments 14 and 22). 

Knowing that me blood clotting rate depends on the 
concentration both of tl~ombotropin and of prothrombo- 
ldnase or platelet factor III [7], we have compared the 
levels of prothromboldnase in the blood platelets of 
experimental and control animals. 
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Fig. 1 Clot t ing  t ime  of normal  guinea pig blood plasma.  As re la ted  to (a) prothrombin 
concent ra t ion ,  and (b) thrombotropin concentra t ion.  

TABLE 1. Change in the Concentrat ion of Prothrombin, Thrombotropin,  and Clot t ing 

Rate in Vitamin C Def ic ien t  Guinea Pigs 

No. of 

Experi-  
i~ent 

i0 

14 

22 

Mean 

Group of 

animals  

Experim ental  
Control  

Experimental  
Control  

I Experim ental 

t G ontrol 

3 
2 

5 
5 

13 
10 

,Mean concentra t ion in % 

before exper iment  

91 92 I (10 
90 90 11)t) 

92 100 10(1 
88 1 O0 1 Of) 

88 93 
90 95 

89 95 97 
84 94 97 

after 13 - -  15 days after  20 - -  21 days 

6t 
,q4 

59 
75 

(19 
87 

62 
84 

65 58 67 
96 9O I(HI 

62 39 76 ~ 
80 86 l~JO 

38 58 
1 O0 1 O0 

64 50 68 
86 95 1 O0 

75 
1 O0 

75 
1 O0 

2l 
98 

441 
93 

38 
1 O0 

32 
97 

1 Results from the one surviving a n i m a l  

The  results of these exper iments ,  g iven in T a b l e  2 
and Fig. 2, show that prothrombokinase ac t iv i ty  is g rea t -  
ly  reduced in  the exper imen ta l  group. After  ac t iva t ing  
the p l a t e l e t  ex t rac t  with thrombotropin from the blood of  
normal  an imals ,  an the presence of ca lc ium chlor ide  the  
ac t ive  tkrombo~dnase formed clots of normal  p l a sma  in 
24 - 25 sec, i .e .  i t  takes 10 - 11 sec longer  than does 
thrombokinase obtained from normal  p la te le ts .  To de-  
t e rmine  the di f ference in the ac t iv i ty  (in see) ,  an a c t i -  
vated p l a t e l e t  ext rac t  from normal  an imals  was di luted 
in  phys io log ica l  sa l ine  until  the ac t iv i ty  was the same as 

that of the control  group. I t  was found that a three-  to 

fourfold di lut ion was required.  
Figure 2 shows c Ie arl y the re lat ionship between blood - 

c lot t ing rate and the ac t iv i ty  of the thrombokiflase from 
the p l a t e l e t  extract .  For 19 days, while the da i ly  i n j e c -  
tions of ascorbic acid were given, both quanti t ies remained  
at  the normal level ,  but when the in jec t ion  ceased there 
was at first a drop in blood c lot t ing rate,  and then a reduc-  
tion in the ac t iv i ty  of the thrombokinase obtained after a c -  
t iva t ion of the p l a t e l e t  extracts  of prothrombokfnase by 
thrombotropin.  
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TABLE 2. Changes in Blood Clotting Rate and Thrombokinase Activity of the Blood 
Platelets in Vitamin C Deficient Guinea Pigs 

No. of 

Experi- 

m e r l t  

2t 

22 

Group of animals 

O 
~o 

~d 

Before the experiment 

a) 

1 ~ "8 

clotting time of 
control plasma 

with calcium adde 

After 15 days 

I clotting time of 
control plasma 

~o with added calcium 

~... .  ~ .  o ~  

Exper imen ta l . . .  
Control . �9 

Experimental. �9 
Control . . . .  

6 98 
6 98 

5 93 
5 95 

59 
58 

55 
54 

43 
45 

39 
36 

14 
14 

14 
13 

53 
92 

38 
loo 

55 
55 

52 
53 

39 
38 

33 
36 

25 
14 

24,5 
12 

"" /5 .~ b .)~,~ 

\ 
e.=4 

0 b~ 

2 days 

Fig. 2. Changes in blood clotting rate and prothrombokinase 

activity of the platetets in guinea pigs as affected by vitamin 
G. a - Clotting rate (in %); b - a c t i v i t y  of thrombokinase 
obtained from platelets. ( ) shows moment ofparenteral in- 
jection of 2.5 mg of ascorbic acid .1) Clotting rate (in %); 2) 
2 days~3) thrombokinase activity (in see). 

It remains to be found whether the reason for the re- 
duction in the prothrombokinase of the vitamin C defieinnt 
animals was due to a fall in the numbe r of thromboeytes, 
or whether there was a qualitative change with a fall tn 
their prothromboktnase content. 

It can be seen from Table 3 that the number of plate- 
lets is reduced In vitamin G deficiency, and that this fall 
results in a reduced amount of protl~ombokinase in the 
blood stream. 

The results of these experiments show that one of the 
principal reasons for hemorrhages in vitamin C deficiency 
is lack of thmmboldnase, which reduces the clotting 
power of the blood. Thrombokinase activity may be re- 
duced on acoount of a disturbance in the synthesis of 
thrombotropin, or by lack of prott~ombokinase in the 

plate.lets. Because ttte reduction in the concentration of 
tktombotropin is comparatively small, the fall in the 
thrombokinase activity is probably mainly due to a re- 
duction in the amount of prothrombin , which in turn is 
partly caused by the considerable reduction in the number 
of platelets. Our results have been confirmed by others 
[3, I0, 14, 15]. There is also evidence [2] that ascorbic 
acid injections increase the number of platelets. How- 
ever, the reduction m the activity in the t~ombokinase 
obtained from the platelets of the experimenta2 animals 
cannot be ascribed to the reduction in the number of the 
platelets themselves. The tl~ombokirmse activity is re- 
duced by a factor of at least t~ee  to four, whLle the 
number of the plate2ets is reduced by only a factor of 
two. It is probable that besides reducing pLrttelet numbers, 
vitamin C deficiency also causes qualitative changes, and 
a reduction in the amount of thrombokinase per pLatelet. 

The reduction in the protl~ombin and thxombotropin 
levels is evidently the effect of vitamin C deficiency 
interfering with the Synflmsis of the substances. Both pro- 
teins are synthesized by liver cells. Ascorbic acid exerts 
a marked influence on me power of the live~ to form 
protein [10]. In vitamIn C deficient animals there is a 
marked fall in the protein concentration of the plasma, 
as well as a change in the re2ative amounts of proteins 
[14~ McGraw [14] found a reduction of approximately 
50% in prothrombin concentration and attributed it to 
secondary vitamin K deficiency following lack of vitamin 
C. This e~xplanation is well founded, because in the ab-  
sence of ascorbic acid there is a complete absenc~ of 
certain bacteria from ate gut, including certain strains of 

Bacillus coli and B. paratyphus which are probably con- 
eemed in the synthesis of vitamin K. Probably the reduo- 
tion in prothrombin and thrombotroptn is not only caused 
by interference with their synthesis in the liver, but is also 
a secondary effect due to vitamin K deficiency. 
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TABLE 3. 
Vitamin C Deficient Guinea Pigs 

Before experiment 

No. of No. of blood clot-  meanthrom-lno.  of plate-  
experiment animals ting rate boktnase ac-Ilets per ml 

I 

(in %) tivity(in sec)[of blood 

22 4 100 13 [487 931 

Change in the Blood Clotting Rate, Thrombokinase Activity, and No. of Blood Platelets in 

After seventeen days 

blood clot- mean tbrom- the. ofpla te~ 
tlng rate bokinase ac-  [lets per ml 
(in %) tivity (insee)lof blood 

S U M M A R Y  

Vitamin C deficiency in guinea pigs causes a dis- 
turbance of the blood-clotting mechanism due to re- 
duction of protbxombin, thrombin, and thrombokinase 
concentrations. The decreased amount of thrombotropin 
and the reduced thromboMnase content of the platelets 
reduce the amount of thromboldnase with the ~esult that 
the clottzng t ime is increased. The reduction in the 
amount of prothrombokinase is due to both a thrombo- 
cytopenia and changes in the platelets. 
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