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INTRODUCTION

The following material has been gathered to show
the measurement of carbon dioxide content is a more
accurate and a more feasible method of determining
the true bicarbonate concentration than is the mea-
surement of carbonate dioxide combining power.

The reasoning for the work done in this paper
was based on Peters and Van Slyke's (126b) work
stating that

"It (CO2 cdmbining power) does not give so
exact an indication of the state of the acid
base balance in the blood as does the direct
determination of the CO2 content made on plasma
obtained under complete anaerobic precautions
and without equillibrating with 5.5% CO2. The
equilibration with air of physiologically nor-
mal CO2 tension at room temperature gives the
plasma content of H2CO3 at 200is 1.6 times
as great as at 38°., In consequence, the equili-
brium H2C03 4 B-Protein = BHCO3 + H-protein, is
shifted to the rtight so that BHCO3 is increased
also. The bicarbonate content, or CO2 capacity
found in venous or arterial blood plasma by this
procedure, in blood handled strictly without
contact with air, was found in fact by Stadie and
Van Slyke to be about 3 volumes percent higher than
the total CO2 content of the plasma analyzed
immediately after it was centrifuged. The
relationship is Quite constant...In conditions
where it is doubtful whether over or under
ventilation of CO2 rather than loss or retention
of non volatile acids, is responsible for an acid-
base disturbance it is necessary fo determine
both pH and the C02 content in plasma as nearly
as possible unchinged from its condition in the
circulation, and in these cases the Van Slyke-
Cullen CO2 capacity method can not be used in
place of direct CO2 analysis of the anaerobically
separated plasma."

111



METHODS OF C02 MEASUREMENT

Three methods which may be used to measure the
bicarbonate concentration of blood are:

l. Titration method

2. Gasometric method

3. Calculation method, where total CO2 content

and blood pH are measured and the bicarbonate
concentration is calculated using the
Henderson-Hasselbalch equation.
A chronological history of these methods will be re-
viewed but discussion will be limited to gasometric
methods which will be used in this work.

Walter (166) in 1877 was the first to use CO2
measurements to find the bicarbonate concentration.
Von Jaksch (165) and Magnus-Levy (102) in 1888 used
titration of blood plasma but their results were only
proportional to the bicarbonate concentration because
of the acid binding properties of the phosphates and
proteins. Hoppe-Seyler (8l) in 1903 demonstrated that
the proteins carried down considerable alkali during
their precipitation. Cullen (29) and McClendon (114)
were the first to combine the hydrogen electrode with
titration methods. Van Slyke et al (162) transformed
the plasma bicarbonate into the salt of the acid used
and back titrated. Stillman (153) compared titration

1.



methods with CO2 capaeity and found an agreement
of 2 mM per liter. Haskins and Osgood (62) used
a modified titration procedure while Summer and
Hubbard (154) recommended methods requiring the
precipitation of proteins.

The major difficulties with titration methods
are the buffer effect of proteins and the loss of
CO2 during the titrations. Since 1949 Wooton and
King (188) have suggested a capillary method using
acid, phenol red and standards for comparison. Their
accuracy is 4 volumes percent. Scribner (144) des-
cribed a bedside determination method which gives
an accuracy of one mEq when compared with Van Slykes
gasometric method. Epstein (47) proposed a titration
method using cationic exchangers and nonvolatile
acids. He reports his results in alkaline groupings
of albumin which supgosedly bind chloride. Natelson
and Barbour (116) did in vivo titrations with sodium
bicarbonate of blood of patients in acidosis and
correlated their results by using a pH meter. Kibrick
et al (88) used a microdetermination method consisting
of a glass electrode and back titration.

The analysis of blood gases has been studied by
many men (75, 157,11,51,43) with Donald Van Slyke



contributing a major portion of the advancements.

In 1910 Barcroft and Roberts (10) made the
first improvements in blood-gas analysis techniques.
Henderson (75,76) suggested the effect of the chloride
shift which was to become important in future work.
Barcroft and Higgins (9) made the first attempt at
establishing constants for use in blood-gas analysis.
Christiansen, Douglas, and Haldane (171) were the
first to saturate blood with air containing alveolar
CO02 concentration but Van S8lyke and Cullen (157)
were the first to devise a practical method for
measuring CO2 capacity of plasma. At this time
McClendon et al (115) and Henderson and Morriss (74)
discussed methods of determining CO2 in alveolar air
and blood. Austin and ‘Jonos (6) drew blood under
oil and saturated it with air containing 6 percent
CO2 and found that blood would hold more CO2 at
room temperature than at 38 degrees centigrade.

This also holds true for plasma. Stadie and Van
Slyke (152) noted that venous CO2 content.gave. a
closer approximation of the arterial C02 concentra-
tion than did venous CO2 combining power. Scott

(143) observed an increase in buffer in emphysema

3.
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