
Imiate in the stoiies o i  tlie dog has similarities to that between 
calcium biliruhiiiate anti cholesterol in human calculi. There is 
the same tendency in both iiistaiices for a nucleus of the pigment 
material to be overlaid with another substance. 

The observations here reported show that infection is not the 
essential factor in chc~lelithiasis. 'l'hat it frequently plays the 
determining r6le is equally certain.' This it \vould seein to do 
by damaging the duct d l  with result in tleiqu"niatioii,-wI~ich 
the sterile caiiula did iii 0111- esp"i~iients,-ailtl by lessening the 
ability of the liile channels to rid themselves of the cell dkbris. 
The dkhris induces, or furthers, the direct deposition of solmids, 
and may catch ant1 retain potential nuclei for stone formation, 
in the shape o i  pigment Ixirticles from higher up in the biliary 
systeni, which would under ortlinnry circunistaiices I x  voided 
with the bile. 
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The paradoxical shortening of blood coagulation after intra- 
venous administration of sodium citrate. 

By NATHAN ROSENTHAL and GEORGE BAEHR. 

Sodium citrate, wlieii atliiiiiiistered intravenously in large 
doses (0.5 grams for dog or cat, 3.0 to 6.0 grams for man), 
produces a pronounced and progressive shortening in coagulation 
time of the Idootl which itsually reaches its maximum within 
one hour a i d  niay persist for many hours. As a rule, the coagu- 
lation time slowly returns to iiormal within twenty-four hours. 

This action of sodium citrate tipon the coagulation of the 
liood in vim is esactly opposite ti, what occurs in vitvo. We 

a Gilbert, -4., et Fouruier, L., Sc. el miin. dc la Roc. tie Bid. ,  189i, iv, la 
Ser., 936; Mignot, R., Arch .  Ocit. de M e n . ,  1898, i, 129. 



Ixlieve that it is depeiident upoii some effect 011 the blood 
platelets, which are not directly destroyed by the citrate but are 
damaged by contact with it and are then removed from the 
circulation by the spleen where they are destroyed and their 
t hromboplast ic contents gradually 1 ibera ted in to the circulating 
blood. This theory is based upon the following observations: 

1. In the test tube, sodium citrate does not destroy the 
platelets, but it effects them so that they are actually preserved 
and therefore more easily counted. 

2. Within a few minutes after the intravenous injection of 
sodiuni citrate the blood platelets often begin to diminish in 
number, the maxiinuin reduction being usually observed after ten 
to fifteen minutes and the number as a rule returning to normal 
within half to oiie hour. The greatest reduction in blood 
platelets was observed in cats, in two of which 85 per cent. and 
90 per cent. of the platelets disappeared from the circulating 
blood within ten and fifteen minutes respectively, and the count 
again reached normal a half hour after the injection. 

3. Increasing amounts of free throniboplastic substance (cyto- 
zytne) probal,ly derived from platelets liegin to appear in the 
blood stream as the coagulation time becomes shortened. 

4. No changes in the content of the blood in the other factors 
conceriied in coagulation, such as calciuni, fibrinogen or anti- 
throidin, are demonstrable. 

5 .  The increase in the thromboplastic agent cytozynie anti the 
shortening in coagulatioii time of the blood do not occur simul- 
taneous with the numerical change in the platelets, but follow it. 
The maximum shortening in coagulation time occurs some time 
after the numbers of platelets have again returnecl to normal, 
and persists for hours. 

6. The characteristic shortening of coagulatioii time after 
intravenous injection of sodiuni citrate does not occur in animals 
(ducks) in whose blood few or no platelets occur. In fact, i f  
sufficient citrate is administered, the opposite effect is accom- 
plished in such animals and the coagulation time becomes mark- 
edly prolonged. 

7. The shortening of coagulation time after intravenotrs 
injection of sodium citrate likewise fails to occur in hunlan 
beings suffering from hemorrhagic blood diseases, in whose 
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blood there is also a pronowiceti numerical deficiency in blood 
platelets. In purpura liemorrhagica, in which such a reduction 
in the nuiiilxr of platelets i s  regularly present, the injection of 
sodium citrate may I x  followed by almost complete disappear- 
ance of platelets from the circulating blood. In both these dis- 
eases ailti in congenital heiiiophilia, iii which there is presumed 
to be sonic deficiency in the quality of blood platelets, the injec- 
tion of sodium citrate is followed by a prolongation in the coag- 
ulation time, a further tiiininution of the blood platelets and by  
a marked increase in the Ideeding tendency. 

8. The characteristic shortening of coagulation time does 
follow intravenous administration of sodium citrate in cases of 
obstructive jaundice, in which, although the coagulation time is 
prolonged and there is a Meeding tendency ; the blood platelets in 
this condition are normal in number atid unaffected. 

Sufficient evidence has therefore been presented to indicate 
that the shortening of coagulation time after injection of sodium 
citrate in normal individuals or animals is clue to some influence 
on the blood platelets. That this is not a direct destruction is 
indicated by the test tulx experiment and by the fact that the 
niaximuni shortening of coagulation time does not occur simul- 
taiieous with the maxiilium reduction in platelets, but follows 
at soine time between ten niitiutes to one hour later. 

This sequence suggests that the platelets after contact with 
the citrate are damaged and removed from the circulation by 
sonw organ, there destroyed and their thromboplastic contents 
gradually liberated into the blood stream. The removal and 
destruction of damaged i)lood platelets is probably one of the 
functions of the spleen, especially in view of the r6le which it is 
presumed to play in  the thrombopenia of yurpura hemorrhagica. 

Based up011 these observations the slow intravenous injection 
of 'large doses of socliuni citrate up to five grams has been suc- 
cessfully employed in arresting internal hemorrhages due to 
gastric ulcer, typhoid fever, pulmonary tuberculosis, etc., and 
also as a pre-operative prophylactic measure in obstructive jaun- 
(lice. In hemorrhagic l h o d  diseases for reasons detailed above, 
its use is strictly coi2traindicated. 




