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HYDROGEN-ION STUDIES 

I. changes in the reaction of the blood during 
anaphylactic shock* 

Edwin F. Hirsch and J. Lisle Williams 

From the Pathological Laboratory of St. Luke's Hospital, Chicago 

There seems to be no mention in the literature of changes in the 
H-ion concentration of the blood during anaphylactic shock. Recently 
Eggstein 1 reported a lowering of the alkali reserve, apparently in pro- 
portion with the severity of the shock. Changes in the alkali reserve 
of the blood are said to occur without appreciable alteration of the 
H-ion concentration. A study of the reaction of the blood in anaphy- 
lactic shock by the gas chain method should demonstrate changes, and 
should there be any, these may be compared with parallel alkali reserve 
values. Such a study is reported here, including mention of certain 

changes observed in the concentration of the sugar of the blood. 
Rabbits were sensitized by intraperitoneal injections of the proteins 

on three successive days. The H-ion concentration of the blood- was 
determined by the gas chain method. These estimations were made 
with the Hg-HgCl-^-KCl | sat. KC1 | PtH2 system, a McClendon 
electrode being used to contain the blood. The electromotive force 

readings were made with a Leeds and Northrup type K potentiometer 
and were properly corrected for temperature in converting them to the 
equivalent Ph expressions. This system was checked against known 
standard solutions. The rabbits were bled from the ear veins into a 
clean glass tube containing a little neutral powdered potassium oxalate. 
When markedly prostrated, the rabbits were bled from the heart with a 

syringe. The electrometric readings were made immediately to avoid 
as much as possible the loss of carbon dioxide, or other changes which 

might alter the reaction of the blood. Whole blood was used in all the 
determinations. The carbon dioxide combining power of the blood was 
estimated according to Van Slyke and Cullen,2 the sugar concentration 

by the Folin and Wu 3 method. 

Received for publication Oct. 21, 1921. 
* Aided by the Winfield Peck Memorial Fund. 

1 Jour. Lab. & Clin. Med., 1921, 6, p. 555. 
2 Jour. Biol. Chem., 1917. 30, p. 289. 
8 Ibid., 1919, 38, p. 81; ibid., Supplement 1, 1920, 41, p. 367. 
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In the chart are graphically represented the changes in the reaction 
and in the alkali reserve of the blood during anaphylactic shock and 
in the table are recorded the results of individual experiments. In 
all of these experiments there is a diminished alkalinity of the blood 

during anaphylactic shock, as well as a lowering of the alkali reserve 
as Eggstein has reported. When it is remembered that the entire 
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Chart 1.?Changes in the reaction and alkali reserve of the blood during anaphylactic 
shock. Death occurred in this experiment. The broken line indicates alkali reserve; th( 
continuous line indicates the hydrogen-ion concentration. 

range of reaction of the blood compatible with life lies between Ph 7.C 
and 7.84 the changes in the H-ion concentration of the blood mentioned 
are considerable. In only a few of the experiments is there an appreci- 
able change in the concentration of the sugar of the blood. This absence 
of change in concentration may be due largely to the comparatively 

Van Slyke, D. D.: Jour. Biol. Chem., 1921, 48, p. 154. 



Reaction of Blood During Anaphylactic Shock 261 

short time in which the animal is in shock, for it is known generally 
that in acidosis there is a hyperglycemia. 

When death occurs soon after the shock injection, the change in 
the reaction of the blood is not as great as when death follows pro- 
longed prostration. This is similar to the change when death is pro- 
duced suddenly by the intravenous injection of acid substances, and 
each probably is a condition in which acid and basic substances in the 
tissues and fluids of the body are not in a neutralized equilibrium. It 

may be that the maximum acidity occurs in tissue cells other than the 

blood, and that the changes in the reaction of the blood are secondary 
to those occurring in other tissues. 

table i 
Results of Experiments with Anaphylactic Shock 

Before Anaphylactic Shock During Anaphylactic Shock 
Antigen Comment 

Alkali Ph Sugar, Alkali Ph Sugar, 
Reserve % Reserve % 

Sheep serum 54.79 7.64 0.14 37.84 7.43 0.224 Lived 
Sheep serum 64.62 7.56 0.005 50.21 7.39 Not de- Died 

termined 
Sheep serum..... 62.37 7.64 0.093 42.97 7.52 0.111 Lived 
Human serum 60.92 7.79 0.13 50.26 7.49 0.182 Lived 
Human serum 57.19 7.80 013 32 54 7.24 0.157 Lived 
Human serum 57.28 7.69 0.084 28.54 7.15 0.0C4 Died 
Human serum .....1 67.02 7.72 0.127 54.40 7.70 0.113 Lived 
Human serum 57.19 7.80 0.13 22.63 6.88 Not de- Died 

termined 
Human serum 57.71 7.61 0.088 42.97 7.46 0.116 Lived 
Human serum 63.21 7.61 0.098 44.12 7.40 0.128 Lived 
Sheep corpuscles 63.24 7.64 0.126 52.18 7.52 0.105 Lived 
Egg white 69.03 7.68 0.104 48.93 7.45 0.082 Lived 
Egg white 56.47 7.68 0.134 42.81 7.58 0.076 Lived 

Changes in reaction during anaphylactic shock may account for 
some of the physical changes of the blood, such as diminished viscosity 
and coagulability that accompany this state. The H-ion concentration 
of the blood during anaphylactic shock may become so great as to make 
life incompatible and when such a change occurs it is, no doubt, 
important in explaining death. 

Rapid changes in the alkali reserve of the blood, which when 
plotted in graphs make curves of similar contour, have been observed 
after intravenous injections of bacteria,5 in protein 6 and in anaphy- 
lactic shock.7 This similarity of change suggests that the H-ion con- 
centration of the blood quite likely varies in each as it does in 

5 Jour. Am. Med. Assn., 1920, 75, p. 204; Jour. Infect. Dis., 1921, 28, p. 275. 
6 Jour. Lab. & Clin. Med., 1921, 6, p. 481. 
t Ibid., 1921, 6, p. 555. 
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anaphylactic shock. These probably are important immune reaction 

changes. Such variations in the H-ion concentration of the blood are 

significant also in considering the pathologic changes observed in the 

organs with all of these abnormal conditions, for alterations in the 
reaction of the body fluids are likely the result of, or occur with, 
similar changes in the body tissues. 

SUMMARY 

There is a diminished alkalinity of the blood during anaphylactic 
shock, apparently in proportion with the severity of the symptoms. 
This change in reaction may become so great as to be incompatible with 
life. The altered reaction of the blood is accompanied by a roughly 
proportional lowering of the alkali reserve. Slight changes (usually an 

increase) in the concentration of the sugar of the blood occur in anaphy- 
lactic shock, but not to the degree observed in prolonged acidosis. 
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