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in mice and tlie studies of Harrow, et a,?.,’ on the mechanism of de- 
toxification of orally administered p-aniinobenzoic acid by the f orma- 
tion of the acetylatecl derivative. However, as a further control in 
the present experiments, some of the aiiinials were given a single sub- 
cutaneous dose of 25 nig of P-aniiiiobenzoic acid 30 minutes prior 
to the injection of sulfapyridine. 

The toxic effects of the 25 nig dose of sodium sulfapyridine on 
normal animals and animals receiving p-aminobenzoic acid were 
compared, and the results of this type of experiment are illustrated 
in Table 11. It will be seen that p-aminobenzoic acid exerts no ap- 
preciable effect on tlie acute tosicity of sulfapyridine when adniin- 
istered iii this manner. The time of onset and the duration of con- 
vulsions in the group receiving p-aminobenzoic acid did not differ 
significantly from that in the control group. The single animal that 
survived the 25 nig dose of sulfapy-idine did so only after several 
hours of severe convulsions. 

Sulpzmary. 1, P-aniinobeiizoic acid (given subcutaneously) was 
found capable of iiullifying the curative effect of sulfapyridine 
(given per 0s) for type I piietiiiiococcus infection in mice. 2. 
P-aminobenzoic acid had no observable effect upon the immediate 
fatal tosicity of sulfap_vridiiie for mice. 
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Effect of Intramuscular Injection of Sodium Citrate on the 
Prothrombin Time of the Blood.*? 

B. G. P. ~ I L I F I R O F F ,  € f .  DOUBILET -ASD C O  TCI. 

From the Laborator9 of Experimental Surgery, New Pork Udz;er.Gty Coltege of 
Hedicine. 

Neuhof and Hirshfeld’ observed that iiitramuscular iiijectioiis of 
sodium citrate caused an increase in tlie coagulability of the blood. 
A fall in the coagulation time occurred within 40 minutes of an 
intragluteal iiijectioii of 30 cc of 30% citrate and was maintained 
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at a lowered level for 1 hour. I t  returned to its initial value in 24 
hours. Hemoglobin estimations, red blood cell counts, carbon diox- 
ide-combining power, oxygen and calcium analyses showed no change 
after the injection of sodium citrate. The authors accounted for the 
hypercoagulability on the basis that citrate destroyed the blood 
platelets f roni which was liberated a blood-coagulating substance. 

De Souza and Hocking2 investigated the work of Neuhof and 
Hirslifeld. Their studies, however, followed along the lines of 
Mills,’ who had previously demonstrated a direct relationship be- 
tween alkali reserve and blood coagulation. Thus it was shown that 
sodium citrate given intramuscularly or intravenously lowered the 
coagulation time of blood, and that the change was accompanied by 
an increase in the alkali reserve. Intraperitoneal injections of the 
salt gave the same effect more slowly, probably due to slower ab- 
sorption. This excluded the possibility of local muscular damage 
with release of thromboplastin into the blood being the causative 
factor in the increased coagulability. 

These authors also showed that the alkali reserve was increased 
by the oxidation of sodium citrate to sodium bicarbonate. Equiva- 
lent intramuscular injection of sodium bicarbonate raised the alkali 
reserve, but the effect on coagulation was more transient. Con- 
versely, ammonium chloride lowered the alkali reserve and raised 
the coagulation time of the blood. In a series of exclusive experi- 
ments it was also shown that hypertonicity of the solution, or the 
volume injected did not in themselves effect the coagulability of the 
blood. 

Due to recent improvements in the method for the 
estimation of prothrombin it was decided to extend these blood 
coagulation studies to determine the effect of intramuscular injections 
of sodium citrate, sodium chloride and potassium chloride on the 
circulating prothrombin. 

Methods. Fourteen normal dogs received, in various concentra- 
tions and in different volumes, intramuscular injections of one of the 
substances mentioned above. Prior to the injection a blood sample 
was taken on which the following determinations were made : 
(1) prothrombin time, (2) tube coagulation time, (3)  calcium co- 
agulation time, (4) capillary coagulation time. and ( 5 )  hematocrit. 
Following the injection, blood samples were taken every 30 minutes 
for a period of 2 hours and the estimations repeated. Blood was 
drawn by needle puncture through the skin from the unanesthetized 

Pzwpose. 
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aninial. In  addition, 2 control aninials which received no injections 
wer’e subjected to the saiiie tests at the same time intervals. 

The prothroinbiii time determinations were done by the method 
of Quick. Only freshly prepared tliromhoplastixi was used. The 
tube coagulation test was perfornied in a small tube (method of 
Lee and White). The calcium coagulation time was carried out in 
the same nianiier as the Lee and White method except that 3 drops of 
1 % calciuiii chloritlc u-ei-e prc‘yic d j -  placed in the tube. The capil- 
lary coagulation tcsts n-ere CIC me in capillaries of uiii form bore. 
Heniatocrit cletermiiiat ions were cloiie in the graduated tubes pro- 
vided for that l~irposc‘. I hiriiig the test period the aiiimals received 
no water. food or  iiiedicatioii, 

Six animals ~-1iosc. Iveight varied from 9 to 17 kg re- 
ceived intraniuscular injections o f  sodium citrate. The amount in- 
jected varied froiii 1 ..50 g to 8.50 g aiid averaged from 0.125-0.50 g 
per kilo. The ~ o l u n i e  o f  solutioii containing this salt was ahout 
50 cc. All solutions were therefore hypertonic. 

Thirty 
minutes after the iiijectioii tlic average fall in prothrombin h i e  
was 17y,. The !)rotliromlhi tiiiie continued to fall so that at the 
expiration o f  !I0 millutes tlie ayerage prothrombin time was reduced 
24%. In clog 3. at the elit1 o f  one hour, the prothrombin time was 
reduced 50%. The coag~datioii tinie as determined by the niethod 
of Lee and \Vhite was Ioweretl within 60 niinutes to 48% of its 
original value. The calcium coagulation time was carried out in each 
saniple to make eel-tain that the iiijectioii of sodium citrate had not 
materially 1owerc.rl tlie calcium coiitent of the blood. Since the re- 
sults of this test did riot vary from the Lee and White method, they 

TABLE I. 
Effect on Rlood of Tntraiiiuscular Iniection of Various Salts. 

R~su l t s .  

The initial aver2,ge prothroml~in tinie was 1 1.8 seconds. 

~~~ ~~~ ~~ ~~ 

Coagulation time (min.) 
Lee and White method Protlirombin time (see.) 

Wt in > / 1 

Dog kg Iiij(~tio11 I)CT kg 0 1/2 I 1% 2 11r 0 1/2 1 1% 2 hs 

1 12.0 Szl eitratc 0.123g 18.2 9.2 11.2 9.4 9.0 3:25 1:50 1:25 2:05 1:50 
2 9.0 ’’ ” ” 13.0 12.0 12.0 10.0 10.0 4:OO 2:25 2:lO 2:lO 3:OO 
3 9.0 ” ’’ 0.33 12.5 8.0 6.5 9.7 11.0 2:30 1:lO 0:30 0:40 1:15 
4 17.0 ” ’’ 0.50 11.0 11.0 9.0 9.0 10.0 3:20 1:40 1:20 1:40 1:40 
5 12.5 ” ” 0.50 12.0 11.0 9.0 9.0 11.0 3:OO 1:30 0:30 1:50 1:50 
6 17.0 ” ” 0.50 10.0 6.6 7.3 7.0 7.0 3:OO 1:lO 1:40 1:20 1:20 

Avg effect 11.8 9.6 9.1 9.0 9.6 3:12 1:37 1:32 2:02 2:09 
7 9.0 Normal dog 9.0 9.0 9.2 9.4 9.5 1:30 1:00 1:40 2:30 2:OO 
8 14.0 ” ’) 13.5 16.0 15.5 15.5 15.7 2 : O O  2:40 2:40 2:OO 2:OO 
9 10.5 NaCl 0.64 8.0 8.0 8.0 10.0 8.0 9:30 2:lO 2:lO 1:30 1:40 

10 12.5 ’’ 0.50 11.1 11.9 13.0 12.0 14.2 1:15 1:15 1:15 1:05 0:40 
11 11.0 KC1 0.50 8.5 9.2 9.2 9.8 9.2 1:lO 2:20 1:50 2:15 1:30 
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are not shown in Table I, Similarly. the data on the capillary coagu- 
lation time are not included in the table, since tlie results paralleled 
those of the tube Coagulation tinie. The lieniatocrit estimations 
showed no characteristic variations and tlie results, accordingly, are 
not given in the table. 

In 2 normal dogs used as controls, 5 prothrombin estiniatioiis 
over a 2%-hour period showed no greater variation than 0.5 seconds 
in the prothrombin h i e .  In addition, 3 other control aninials were 
used: 2 animals were iiijected with sodium chloride and 1 aninial 
with potassium chloride. None of these animals developed the char- 
acteristic fall in the prothrombin and coagulation times, that were 
invariably obtained when sodium citrate was injected. The heniato- 
crit determinations in the normal controls, as well as in the animals 
injected with sodium or potassium chloride, showed no characteristic 
variations. 

Intramuscular injections of sodium citrate caused a 
lowering of the clgtting tinie of blood as determined by the capillary 
and Lee and White methods. The increased coagulability was ac- 
companied by a fall in the prothrombin time in the blood, as deter- 
mined by Quick's method. Control aninials, and those iiijected with 
sodium or potassium chloride, did not show a lowering of the pro- 
thrombin time. 

Sztmnznry. 
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An Error in Measuring Changes in Plasma Volume After 
Exercise. 

RICHARD V. EEERT AND EUGENE A. STEAD, JR. (Introduced by 
Soma Weiss. ) 

From the Medical Cliitic of the Peter Bent Brighain Hospital and the Departmmt 
of Medicine, Harvard Medical School, Eoston. 

The plasma volume under basal conditions may be satisfactorily 
determined by the dye method, The original dye method described by 
Keith, Rowntree, and Geraghty,' has been rendered more accurate 
by the use of better methods of colorimetry and by the calculation of 
the volume from the disappearance slope of the dye. It is impossible 
to measure rapid changes in plasma volume which last only a short 
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