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Blood oxygen affinity in large white pig
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Summary. Large white pig and human blood oxygen affinities are different due to different primary structures of hemoglo-
bin. Empirical equations are reported to predict the oxygen partial pressure at half-saturation of hemoglobin (p50) from
known values for pH, pCO; and 2,3-diphosphoglycerate, with an accuracy of +0.82 torr.

Although the large white pig is frequently used in physio- the oxygen affinity between humans and pigs should be
logical studies, litile is known at present about the cxygen  expected, because the changes involve the site of the
carrying properties of its blood. The primary structure of  reaction of hemoglobin with 2,3-diphosphoglycerate (2,3-
pig hemoglobin differs from that of human HbA in the DPG).

exchange of 22 amino acids for each chain'? Differencesin  The aim of this work is to investigate the simultancous
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Figure 1. The Bohr effect, determined at 3 [2.3-DPG]/[Hb] ratios
(1.08, 2.38, and 2.80, which are labeled with filled. open. and half-
filled symbols, respectively), and at 3 pCO; (90, 45, and 20 torr,
which are labeled with triangles, circles, and squares, respectively).
The regression coefTicients range from 0.986 10 0.999.
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Figure 2. Correlation between the experimental and the calculated
p50-values. The regression equation is: y=0.781+0.978 x, n=132,
r=0.997, and the theoretical line only is shown.

Hematologic data in large white pig blood

Mean SD n
Weight (kg) 19.1 il 7
[Hb] (g/d1) 10.61 0.7 12
{2.3-DPG] (mmole/1 blood) 366 1043 12
Hematoert 317 24 7
RBC (x 10t2/1) 6.37 0.34 7
{2.3-DPGY{Hb] (mole/mote) 2.22 0.17 12
MCV (1) 49.73 2.30 7
MCHC (g/dl) 333 1.85 7

mined (fig. 1) under several presct7 conditions of pH (range
6.8-7.8), pCO, (range 21-90 torr), and [2.3-DPG]/[Hb}
molar ratio (range 1.0-2.8). To increase 2,3-DPG, red cells
were incubated for 3 h at 37 °C with isotonic inositol: pyru-
vate: phosphate in the ratio 10:15:20°% while 2,3-DPG was
depleted from red cells by incubation with isotonic NaCl
for 40 h, without detectable formation of methemoglobin.
The log pS0O vs pH plot, i.e., the Bohr effect (fig.1), was
always linear (—0.35+0.03, mean+ SD). Increasing pCO,
and decreasing [2,3-DPG)/[Hb] increase the Bohr factor
slightly. The equations to predict p50-value from known
values for pH, pCO,, and the [2,3-DPG]/[Hb] ratio, were
obtained using the described procedure’:

log PSO(PH7.m= .
1.4034 + 6.80 - 10~** pCO, +(0.1060-5.7 - 107°*pCO,)* G

log P50(pu7.e)=
1.0913 +2.09- 1073* pCO, +(0.1543-6.5 - 107**pCOy°* G

log pSO(pH,=
[(pH-7.0)*(log P50,u16)-l08 PS0u7ay)]/0.6 + log P30pu70y

where G={2,3-DPG]}/[Hb]. The equations are valid at
37°C within the investigated ranges of the variables, for a
hemoglobin with electrophoretic mobility similar to that of
human HbA. The average difference between the ex-

- perimental and the calculated values is 0.004 +0.82 torr,

effects of H*, CO,, and 2.3-DPG on the p50 (the pO, at
which hemoglobin is half-saturated with oxygen), which
defines the position of the oxygen equilibrium curve, and
thus is an index of the blood oxygen affinity. Althou}gh pig
blood oxygen affinity has already been investigated’™, the
simultaneous dependence of p50 on pH, pCO,, and the
concentration of 2,3-DPG is at present unknown.

Materials and methods. Blood was withdrawn without anes-
thesia from the jugular vein of 12 selected, 3 months old.
male pigs, and was immediately heparinized and analyzed.
Cellulose acetate electrophoresis was carried out using the
Zip Zone kit from Helena Laboratories (Beaumont, Texas
77740)%. Total hemoglobin concentration was determined
by the Drabkin method, using an extinction coefficient of
11.05 mM™! cm™ at 540 nom; 2,3-DPG was assayed using
kits from Boehringer Mannheim (FRG). Hematocrit and
the red blood cell count (RBC) were determined by stan-
dard laboratory procedures.

The p50-value was measured at 37°C with a method™?
independent of the optical properties of hemoglobin, and
suitable for nonhuman bicod samples, provided that data
analysis is modified as explained.

Results and discussion. Red cells are smaller (table), and the
concentration of 2,3-DPG is larger in pigs than in humans, .
according to previously reported data®”’. The hemoglobin
electrophoretic mobility was identical for all the samples
and similar to that of human HbA.

Pig and human blood Hill coefficients were similar
(2641007, n=5; vs 2.68+0.07, n=24, respectively), but
the calculation of p507 was nevertheless changed appro-
priately, for greater accuracy. 32 p50-values were deter-

o w e

and the correlation is shown in figure 2.

Since fetal and adult pig hemoglobins are functionally
similar®, and the 2,3-DPG concentration found by other
workers in fetal and adult blood is well encompassed in the
range of varation in which the equations are valid. we
believe that this procedure may provide a powerful tool in
predicting the oxygen transport in adults and in newborns,
as well as the oxygen exchange across the placenta.
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