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The differences between the bloods of pregnant
animals and of their fetuses, particularly in re-
gard to the properties of the hemoglobin, have
interested workers for many years. However,
the results of different workers are in conflict on
several points, perhaps because of species differ-
ences, or of varying conditions for obtaining blood
or differing methods of calculation.

The earliest evidence of difference between fetal
and maternal hemoglobin was the greater resist-
ance to alkaline denaturation observed in the fetal
hemoglobin (1, 2, 3). These workers calculated
that adult blood contained up to 20 per cent of
the alkaline-resistant hemoglobin, whereas fetal
blood consisted almost wholly of the resistant
type. Differences in crystal structure (2, 3) have
added to the evidence for difference in the hemo-
globins.

The property of fetal and maternal blood on
which the greatest amount of work has been done
is the oxygen affinity. This property is usually
described by an oxygen dissociation curve which
presents graphically the amount of oxygen bound
to hemoglobin through a range of oxygen pres-
sures. Plotted on the usual arithmetic coordi-
nates with oxygen pressures as abscissae and
% HbO2 as ordinates, the curve has the well
known S-shape. The shape of the curve has
been found to be quite constant among adult ani-
mals of a given species but to vary considerably
from species to species. It has been noted that
various conditions displace the curve to right or
left without changing the fundamental shape.
Among these the most important is the pH. In
a more acid medium the hemoglobin has less
affinity for oxygen at all pressures and its curve
is therefore shifted to the right; conversely, a
more alkaline reaction shifts it to the left.

The oxygen dissociation curve is frequently
plotted on a logarithmic scale, in which case the

characteristics of shape and lateral displacement are

more easily dissociated. Plotting log HbOb
against log P02, the curve has been found to
approximate a straight line, the slope of which
has the same significance as the shape observed in
the arithmetic curve and of which the intercept of
either axis measures the lateral displacement.
The Hill-Barcroft empirical equation describes
mathematically this type of relationship; so, from
the logarithmic graph of a given blood the con-
stants of the equation can be easily determined
and used to describe the characteristics of the
dissociation curve. The usual form of the equa-
tion is

(Kxln
y= 100 I+ Kxn/

where y S HbO2, Xz P02 and K and n are
constants. Transforming this equation into the
units of the logarithmic graph, one obtains:

100 Hblog HbO2 =-nlogx-logK+2.

From this it will be seen that the slope of the
graph is - n and that K is easily calculated from
any one point (e.g. Hb= HbO2).

With this brief discussion as a background, we
may review the evidence in the literature on the
comparison of the oxygen dissociation curves of
fetal and maternal hemoglobin. Among the first
investigations was Huggett's demonstration (4)
that diffusion alone accounts for the gas transfei
across the placenta in the goat. Incidentally, it
appeared from his data that the fetal curve lay
to the right of the maternal, i.e., at any tension
the fetal blood combined with less oxygen than
the maternal. This rather unfavorable physio-
logical situation has not been confirmed in any
species of animal. In fact, almost all investiga-
tions on humans (5, 6, 7) have found the opposite
to be true, namely that the fetal oxygen disso-
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ciation curve lay to the left of the maternal.
Since Haselhorst and Stromberger worked with
curves constructed from a single point according
to the Hill-Barcroft equation, nothing could be
said about differences in the shape of the curve.
However, Eastman et al. found a different shape
in the fetal blood curve in all their cases and
Leibson et al. found a characteristic shape to the
fetal blood curves in several of theirs. The dif-
ference in shape consisted in a greater shift to
the left in the lower range than in the upper. On
the other hand, Noguchi (8) constructed his
curves on a logarithmic scale to determine the
constants of the Hill-Barcroft equation, and con-
duded that the constant " n," which measures the
slope of the logarithmic curve, had similar values
in fetal and normal bloods.

Among the other animals studied have been the
goat (9, 10), the rabbit (10), the chick (11),
and the calf (12). In all, the curve for fetal
blood was found to lie to the left of that of
pregnant and non-pregnant adult animals. In the
goat (9) it had an abnormal shape as well as a
general displacement to the left. Furthermore,
both these changes were found to be similar in
buffered hemoglobin solutions (13). The latter
finding is in contrast to the paradoxical report by
Haurowitz (3) that the curve was shifted to the
right for solutions of human fetal hemoglobin but
to the left for cells suspended in saline or plasma.
Apparently this paradox has not been confirmed.

Differences between blood of pregnant and non-
pregnant animals have in almost all cases been
observed as small and attributable to differences
in pH. Frequently the curves were obtained at a
constant pCO2 (e.g. 40 mm. Hg) in the equi-
librating gas. Under this condition the pH of
two bloods will approximate the same standard
only provided the buffer power (i.e. the bicar-
bonate) of the bloods is equal. For example, the
blood of a pregnant animal with a lower bicar-
bonate will be more acid at constant pCO2 than
that of the non-pregnant animal used for compari-
son. Measured at constant pCO2, according to
Leibson et al. (7), the human maternal curve is
to the right of the non-pregnant normal; calcu-
lated to constant pH, they found the maternal
curves lay slightly to the left. Other workers
have calculated their curves either at constant

pCO2 or at the pCO2 of the blood as taken. It
is impossible from their data to recalculate their
curves to a given hydrogen ion concentration.
Whereas it is the consensus of opinion that devia-
tions in the maternal curves are attributable to
differences in pH, the considerable magnitude of
the shift in fetal blood has been taken to indicate
the existence of a special fetal type of hemoglobin.

The primary purpose of this work is to ac-
quire sufficient data on the bloods of non-pregnant
and of pregnant women and of the fetuses at
term to determine the complete oxygen dissocia-
tion curves at constant pH. The importance of
choosing a standard pH rather than a standard
pCO2 is apparent from the previous discussion,
especially in order to investigate the fundamental
question of a special fetal hemoglobin. To cor-
rect our curves to constant pH it was necessary
to measure the bicarbonate content, calculate the
pH, and establish the degree of shift in the oxy-
gen dissociation curve with changes in pH. Like-
wise, because of the conditions of labor and anes-
thesia, the blood lactic acid values were deter-
mined in order to be able to extrapolate the acid-
base conditions back to the period before the
onset of labor.

Since Barcroft (9) has emphasized that in
goats the fetal type of hemoglobin is most pro-
nounced at eighteen weeks of gestation and has
disappeared at birth or soon thereafter, we have
attempted to determine curves of human blood
before and after the normal ninth month of de-
velopment. To do this we obtained bloods of
infants born prematurely, and in two instances of
infants born at term we obtained bloods peri-
odically throughout the first month of life. So
that changes might similarly be plotted for the
mother, maternal bloods were studied throughout
the last half of pregnancy.

In so far as sufficient blood was available,
determinations of sodium, chloride, total base and
total nitrogen were made on the serum. In this
way a gross electrolyte change could be detected
if it were sufficient to cause shift in the oxygen
dissociation curve.

It is hoped that the sum total of evidence can
be integrated to answer the remaining questions
regarding the properties of so-called fetal hemo-
globin and also to quantitate the possible advan-
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tages arising from differences between maternal
and fetal blood for gas exchange between mother
and fetus.

METHODS

Venous blood samples were obtained on thirteen preg-
nant women, seven of them between the fourth and
eighth month of pregnancy, six of them within twelve
hours before delivery. Eight blood samples were taken
from the umbilical cord of infants born at term, in each
case the blood being obtained within fifteen minutes of
tying off the cord. Similar blood samples were obtained
from the cords of two premature infants. On two of
the infants born at term, repeated blood samples were
taken from the jugular vein during the first month of
life. Venous blood samples were also obtained from six
normal non-pregnant women, since, as far as we could
discover, the standard oxygen dissociation curves re-
ported in the literature are all on men's blood.

Because of the known variability in gas content of
cord blood obtained at birth, no gas analyses of the
bloods as drawn were made. The blood in each case
was mixed with heparin (Connaught Laboratories, To-
ronto), covered with heavy mineral oil to prevent evapo-
ration, and immediately chilled in ice. All equilibrations
and gas analyses were made as soon as possible, the
blood being kept packed in ice except at times of equili-
bration. When the patient had received ether anesthesia,
the ether was removed from the blood by equilibrating
it with room air for fifteen minutes at 25°.

The technique of determining the oxygen dissociation
curve and the CO2 capacity at a pCO2 of 40 mm. Hg
(T.A) was essentially that described in detail by Dill
et al (14). The following changes in the procedure
were made: The CO, pressure in the tonometers was
set at 30 or 35 mm. Hg because it was expected that the
bicarbonate content of these bloods was lower than nor-
mal. In. this way we hoped to have the pH as near
7.40 as possible, to which figure the curves were finally
corrected as in the original technique

(A log P0 =-0.479
ApH

The oxygen pressures were set at 5, 10, 20, 35, 50, 70 and
200 mm. Hg in order to cover a wider range than de-
sired in the original technique. In addition, one or two
points were determined in the approximate range of 50
per cent oxygen saturation at pressures of CO, of 20
and 80 mm. Hg. These points served to determine the
shift in the curve with pH.

Lactic acid determinations (Edwards' modification of
Friedmann, Cotonio, and Shaffer (15)) were made on all
blood samples immediately before the final equilibration.
The percentage of red cells in the original blood was
measured by hematocrit. Serum was analyzed for sodium
according to Consolazio and Dill (16), chloride according
to the method outlined in Peters and Van Slyke (17),
total base by the method of Consolazio and Talbott (18),

and total nitrogen by the micro Kjeldahl method (Keys'
modification (19)).

The oxygen dissociation curves at pH. = 7.40 were
plotted in the usual arithmetical coordinates and also on
logarithmic coordinates

(log pO2 against log HbOgb)

The latter method gives an approximate straight line,
the slope of which is the constant "n" in the Hill-Bar-
croft equation. The axis intercept defines "K" in the
same formula. These two constants were determined
for each blood.

For comparison with data in the literature, and for
evaluating in zitro conditions, the midpoint of each curve
(Hb = HbO,) was also calculated at pCO, = 40, using
the line charts of Henderson (20) and of Dill et al. (14)
for the conversion.

With the value for T., of the blood as measured and
the blood lactate, it was possible to determine an extra-
polated T'. representing the value if the lactate were 10
mgm. per cent and presenting the probable picture before
the onset of labor and anesthesia. To make this calcu-
lation, use was made of the fact that lactic acid displaces
bicarbonate in equimolecular amounts at the same pH.
The steps in the conversion were:

(1) Calculation of pH. at the T. point in the blood
as studied.

(2) Adding to the measured T4. value an increment
equivalent to the excess lactate above 10 mgm. per cent.

(3) The pH8 from (1) and the total CO, from (2)
determine one point on the CO2 dissociation curve of
the blood in its original state; the pCO, of this point was
determined from the line chart of Peters and Van Slyke
(17).

(4) The T4. value of the new curve was read off from
the Henderson line chart (20).

RESULTS

The mean and total range of values of the oxy-
gen dissociation curves between 10 and 90 per cent
saturation of the three groups of bloods (non-
pregnant, maternal and fetal) are presented in
Figure 1, all curves being corrected to pH. 7.40.
The striking feature to be observed is the posi-
tion of the fetal curves: these lie to the left of
both the normal and the maternal. The sole point
where the curves overlap is near 90 per cent,
where the technical difficulties of accurate meas-
urement are greatest. In spite of the shift, how-
ever, inspection fails to show any striking differ-
ence in the shape of the different groups of curves.

In the same chart, comparison of the curves
on the pregnant and the non-pregnant women
shows that, whereas the range of the two groups
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well to the standard established from the blood
of normal men (21). The mid-positions (Hb
- HbO2) agree almost exactly (men 26.3 mm.
Hg; women - 26.0 mm. Hg). There would
seem to be a slightly more sharp S-shape to the
women's curve, as can be appreciated from Table
I of the comparative pressures of oxygen neces-
sary for different degrees of saturation of the
hemoglobin.

TABLE I

Comparison of oxygen dissociation curves of normal men and
women at pH. = 7.40

pOt
(mm. Hg)

Normal men Normal women
(Dill, Edwards and (mean of 6)

%HbOs Consolazio) (This paper)

10.8.2 10.5
20.13.4 15.3
30.17.9 19.2
40.22.0 22.6
50.26.3 26.0
60.31.1 30.2
70.36.1 35.6
80.45.7 42.2
90.61.4 54.1

Table II presents the figures for one point on

each of the curves obtained (column 2), together
with other data on each blood sample. The fig-
ures in column 2 confirm the visual impression
gained from the chart, namely, that fetal curves

are significantly and uniformly shifted to the left
and that, while the mean maternal curve lies some-

what to the right of normal, this difference is of
doubtful statistical significance. The difference
between the curves on the blood of pregnant and
non-pregnant women appears more striking if it
is noted that the range of the mid-position of the
curves on the six non-pregnant women is 24.9
to 26.8 mm. Hg and that nine out of thirteen of
the maternal bloods lie outside this range to the
right.

The first column labelled T'4O gives a measure

of the alkali reserve in each case. It should be
noted that corrections have been made whenever
the lactic acid was elevated above 10 mgm. per

cent, so that changes in these values are not merely
temporary effects of lactic acid. The well-known
progressive decrease in alkali reserve during preg-

nancy is again demonstrated by a comparison of
the pre-term with the term groups of maternal
bloods. The more marked diminution in bicar-

bonate in the fetal bloods is not so generally
known and is the opposite of the findings in goat
fetuses (22).

Figures in the third column are calculated values
of the pO2 for half saturation of the blood at
standard pCO2; In this case the different bicar-
bonate values modify to some degree the relations
observed at constant pH, since at constant pCO2
the bloods with the lower bicarbonate are more
acid. The shift of the fetal blood curves to the
left is still present but less marked; on the other
hand, the maternal curves under these conditions
are seen to be definitely shifted to the right.

The constants from the Hill-Barcroft equation
were measured from logarithmic graphs of each
curve and are presented in the fourth and fifth
columns. In each case the curve approximated a
straight line, the slope of which is " n." Our data
indicate that " n" is not significantly different in
the various groups. This constancy of " n " con-
firms our visual impression from the arithmetic
curves that all were approximately the same shape.
The " K " values are a measure of the position of
the curve; they have the same significance as oxy-
gen pressures for half saturation. Expressed for
the sake of convenience as negative logarithms,
they will be seen in the fifth column to parallel
the oxygen pressures at half saturation in col-
umn 2.

The values for cell volume and HbO2 capacity
demonstrate anew the tendency to moderate ane-
mia in pregnancy and the frequent polycythemia
of newborn infants.

The last column shows the calculation of the

factor AgPH ,which measures the shift in the

logarithmic curve with pH. The importance of
this measurement is two-fold: (1) If it differs
in fetal or maternal blood from the standard es-
tablished for normal man it would further estab-
lish a fundamental difference in the hemoglobin.
(2) Since the oxygen dissociation curves were
corrected to constant pH, using the factor for
normal man, it is necessary to measure this factor
in the bloods studied in order to be sure of the
validity of the corrections made. Actually the
factor was measured on the logarithmic curve
from the equilibrium points taken at high or low
CO2 pressures. While there is some scatter in
the individual values for these factors, it is evi-
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TABLE II

Oxygen and carbon dioxide affinity of bloods of non-pregnant and pregnant women and of fetal blood at birth

T4o pO2 at 50 per cent Hill-Barcroft
Non-pregnant corrected oxygen saturation formula constants Cell HbO2 A log p02

women to normal volume capacity A pH
lactate pH. =7.40 pCOz =40 n -log K

volume
m.Hpecnt

volume
per centperc ent er cent cet

Ca 48.7 26.4 25.5 2.72 3.86 42.3 18.02
Ja 49.9 26.8 25.9 2.61 3.72 17.02
Te 42.7 24.9 25.2 2.61 3.64 43.7 19.61
Co 48.5 26.5 25.8 2.78 3.96 38.1 16.47
Na 45.8 25.8 26.2 2.63 3.71 45.4 17.37
Se 44.6 25.8 26.6 2.53 3.57 40.3 16.82

Mean 46.70 26.03 25.87 2.647 3.743 41.96 17.55
GrM 1.14 0.28 0.21 0.037 0.059 1.28 0.465

Pregnant
women

Pre- Month of
term pregnancy

Ku 4 43.8 25.8 26.6 2.78 3.92 38.5 16.63 -0.53
Br 5 43.7 29.4 30.8 2.50 3.67 33.8 15.00 -0.48
Co 5 45.4 28.2 28.5 2.68 3.87 31.4 15.78 -0.45
O'B 5 43.5 25.9 26.9 2.76 3.89 33.9 14.25 -0.47
Gr 71 42.6 27.6 29.0 2.52 3.64 37.2 16.13 -0.38
Co 8 45.0 28.7 29.5 2.52 3.67 31.1 13.67 -0.50
Ma 8k 47.7 29.5 29.2 2.72 4.00 37.9 16.06

Mean 44.53 27.87 28.64 2.640 3.809 34.83 15.36 -0.469
aM 0.64 0.58 0.56 0.046 0.055 1.16 0.411 0.020

Term
Ba 41.4 26.1 27.9 2.59 3.67 37.4 15.98 -0.50
Fl 40.3 26.5 29.1 2.50 3.56 36.8 16.70 -0.45
Hi 36.0 27.0 30.1 2.79 3.99 30.4 15.50
Po 41.8 27.0 28.5 2.50 3.58 41.1 16.97 -0.49
McG 47.0 27.8 27.8 2.48 3.58 36.3 15.41 -0.47
An 39.7 29.2 31.1 2.72 3.97 35.9 17.40 -0.56

Mean 41.03 27.27 29.08 2.597 3.725 36.32 16.33 -0.494
o-M 1.46 0.45 0.53 0.053 0.082 1.41 0.334 0.016

Mean of all pregnant 42.92 27.59 28.85 2.620 3.770 35.52 15.81 -0.480
rM 0.88 0.37 0.38 0.034 0.047 0.88 0.294 0.014

Fetus
Term
Fl 35.9 22.3 24.3 2.51 3.38 22.68
Hi 38.0 21.6 23.2 2.35 3.13 51.1 19.81 -0.40
Po 35.6 20.9 22.8 2.54 3.35 50.6 22.46 -0.52
McG 34.5 23.2 25.6 2.49 3.40 57.6 24.53 -0.52
An 31.1 22.0 25.4 2.60 3.49 59.6 25.40 -0.49
Ro 33.4 20.0 22.3 2.50 3.25 60.0 24.36 -0.52
Wh 33.5 21.4 23.7 2.72 3.62 59.2 25.61
Bo 37.6 21.9 24.2 2.59 3.47 44.5 18.15

Premature
Ma (7th month) 40.4 22.4 23.4 2.70 3.64 43.1 20.46 -0.57
Pa (5th month) 30.9 22.9 27.3 2.69 3.65 49.9 20.63 -0.47

Mean 35.09 21.86 23.94 2.569 3.438 52.84 22.41 -0.499
arM 0.96 0.30 0.42 0.036 0.054 2.18 0.813 0.020
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dent that there is no significant deviation in the
mean values either between the different groups
or between any of them and the value of 0.48
which has been found for the blood of normal
men (14).

The data on the two premature infants are
remarkable only for the lack of differentiation
from the term infants. The oxygen dissociation
curves are well within the range observed on

infants at term. As expected, neither of them
showed polycythemia, which from available data
seems to be a development of the last two months
of fetal life (23).

Table III presents the results of some analyses
on the sera of these bloods. The bicarbonate
values at the arbitrary pCO2 of 40 are calculated
from the CO2 content of the whole blood equi-
librated at a known pCO2 according to Peters and
and Van Slyke. It is obvious that no anion-cation
balance sheet can be made since the bicarbonate

TABLE III

Analyses of serum of pregnant women atnd fetuses at birth

Pregnant women

5odiu Chlride
Total HCOs- Total

- Month of Sodium Chloatdebase at nitrogen
trerm preg-

pC02 -40
nancy

m. Eq. m. Eq. m. Eq. m. Eq. grams
per per per per per

tiger liter liter liter liter

Ku 4 138.2 106.3 22.7 11.18
Br 5 136.1 108.7 22.5 10.41
Co 5 135.6 107.2 23.3 11.06
O'B St 135.6 106.9 22.0 11.30
Gr 7j 100.1 22.1 11.41
Co 8 135.1 103.6 22.6 10.53
Ma 8j 140.0 103.3 24.8
Term

Ba 105.2 21.4 10.43
Fl 136.1 110.3 22.4 11.02
Hi 103.7 18.3 10.90
Po 106.7 21.9 10.72
McG 140.9 108.2 154.2 24.2 9.98
An 140.2 109.5 20.8 10.06

Fetus
Term

Fl 111.3 20.4 11.34
Hi 139.8 108.1 20.6
Po 130.9 104.2 20.0 10.32
McG 129.1 107.4 157.0 19.9 9.47
An 104.1 18.2 10.58
Ro 127.3 103.9 19.3 11.17
Wh 136.8 110.9 19.7 9.26
Bo 136.1 112.9 154.3 19.9 7.55

Premature
Ma (7th month) 126.8 109.5 22.2 8.44
Pa (Sth month) 125.1 113.6 135.7 16.9 6.07

TABLE IV

Changes in blood during the first month of life

T45 pO0 at 50 per cent
cor- saturation Cell HbO2

Subject Age rected to Vol- ca-
normal ume pacity
lactate pH. -7.40 pC0240

volume volume
per mm. Hg cent per
cent cent

Wh Birth 33.5 21.4 23.7 59.2 25.61
1 day 42.0 22.2 22.7 49.3 21.85
5 days 42.2 23.3 23.8 43.1 20.21

34 days 41.7 27.7 29.2 17.90

Bo Birth 37.6 21.9 24.2 44.5 18.15
3 days 39.0 23.0 24.1 53.4 23.15

34 days 49.7 25.1 24.3 35.5 14.83

values are taken at arbitrary conditions and not
those in sivo. From the point of view of the
possible effect of salt concentration on the oxygen
dissociation curve, it can be concluded, however,
that changes in the serum are too small to explain
the shift in the fetal oxygen dissociation curve.
The changes in some of the separate ionic con-
centrations, however, are of interest. A tend-
ency to a high chloride content, especially in the
fetal bloods, is associated with a low bicarbonate
concentration.

The most striking abnormalities are seen in the
two bloods of prematurely born infants. In both,
the serum sodium is definitely low; this finding is
shared by two of the term infants but by no
others. Even more remarkably low is the total
base value for one of the premature infants.
However, this value is normal for two term in-
fants and one pregnant woman on whom the
determination was carried out. Likewise, in the
two premature infants' blood, the serum nitrogen
(a measure of serum protein) is definitely low-
ered. The significance of these chemical changes
is not known and their finding may be considered
incidental to the present work. It is of interest
to speculate, however, on whether such chemical
deficiencies may not be significant physiological
handicaps to premature infants.

Table IV presents the data on two infants
whose blood was tested throughout the first month
of life. It will be seen from the progressive in-
crease in the figures of the midpoints of the
oxygen dissociation curves that the curves at con-
stant pH. shifted gradually to the right so that
they were within the normal range at thirty days
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of age. Concomitantly, there was a rise in bi-
carbonate and a fall in HbO2 capacity. The ef-
fect of the former is to make the change in the
oxygen dissociation curve at constant pCO2 less
striking than at constant pH., as the third column
in the table indicates. This is due to the fact
that, as measured at constant pCO2, the blood
becomes increasingly alkaline as the bicarbonate
rises.

DISCUSSION

The significance of the observed characteristics
of fetal, maternal, and normal blood may be dis-
cussed profitably from two points of view. In
the first place, there is the theoretical question of
a chemically different hemoglobin in the fetus.
The second point of view is the physiological,
according to which we may inquire into the ad-
vantages or disadvantages to the fetus of the dif-
ferent properties which its blood displays.

The data presented show that the fetal blood
has a greater affinity for oxygen than the blood
of pregnant and non-pregnant women over the
entire range of oxygen pressures. These com-
parisons were made at the same pH of the serum.
In order to be sure that the hemoglobins are in-
herently different, it would be necessary to com-
pare them at the same environmental pH, namely
that of the cell. Such values were not measured
directly but they may be calculated from the
values for the serum constituents, assuming nor-
mal permeability of the cell membrane. Thus
from our data we may conclude that if the cell
membrane of the fetal red cell has the same char-
acteristics of permeability as that of the adult
cell, then the fetal hemoglobin has truly different
properties. Unfortunately we have no positive
evidence by which we make this assumption of
constant permeability. In fact, there is the evi-
dence of Andreen-Svedberg (24) that calves' cor-
puscles are more permeable to glucose than cows'
corpuscles, which gives a hint that cell membranes
of young animals may differ from those of adults.

Thus the evidence for a chemically different
human fetal hemoglobin is not clinched. That
for goats is much surer, since the same differences
were observed on buffered hemoglobin solutions
at the same pH and also because the fetal curve
was invariably found to have a different shape
from the adult. Our evidence fails to confirm a

characteristic fetal shape to the curve in humans,
so one link in the evidence for a true human fetal
hemoglobin is lacking. The final answer will
await more knowledge of fetal red cell permea-
bility and a further study of human hemoglobin
solutions.

From the point of view of applied physiology
the preceding considerations are less important.
There can be no doubt that under the same serum
conditions of pH the fetal blood will take up more
oxygen in the placenta than would adult human
blood. By the same token it will be able to give
up less of its oxygen at the same oxygen tension
in the fetal tissues. Since, however, it is estab-
lished that fetal tissues use less oxygen per gram
of weight than adult tissues (25), presumably
due to the fact that heat loss is minimal in utero,
the latter physiological disadvantage may not be
important.

Granted that there seems to be a physiological
advantage to the fetus provided the serum pH of
mother and fetus is identical, we must next in-
quire as to how much this concept is actually
modified by possible differences in the pH of the
two bloods. The lowered bicarbonate in both
mother and fetus tends to make the serum more
acid than normal unless compensatory adjust-
ments are made. In the case of the mother such
compensatory regulation is brought about by the
respiratory center, so that in vivo her blood ap-
proaches conditions of standard pH. The fetus,
on the other hand, has no central respiratory con-
trol of acid-base balance; the pH of its serum is
determined by a balance between the CO2 removal
through the placenta and the CO2 given up by the
tissues. Thus our figures for the fetal blood at
constant pCO2 approach more nearly those in vivo
than do the figures at constant pH. As may be
noted from Table II, a comparison of such figures
(mother at pH 7.40, fetus at pCO2 40) brings
the fetal and maternal curves closer together.
Unfortunately, accurate figures of the pCO2 of
the fetal blood in utero are not available. It is
quite possible that the fetal pCO2 in vivo is ap-
preciably higher than 40 mm. Hg; in which case
the fetal and maternal curves will be even closer
together. Thus there are two opposing forces
acting in the case of the fetal blood: an inherent
greater affinity for oxygen facilitating the taking
up of oxygen and a physiologically more acid state
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opposing it. It is likely, however, that the former
force is somewhat greater, so that the fetal blood
operates at an advantage in becoming promptly
saturated with oxygen in its passage through the
placenta.

SUMMARYAND CONCLUSIONS

1. Blood was obtained from thirteen pregnant
women, six non-pregnant womenand eight human
fetuses at term birth, and the oxygen dissociation
curves, together with certain serum electrolytes,
were determined.

2. The oxygen dissociation curve of fetal bloods
at constant pH, is displaced to the left compared
with that of pregnant and non-pregnant women.
This suggests but does not prove the existence
of qualitatively distinctive fetal hemoglobin.

3. The mean oxygen dissociation curve of ma-
ternal blood shows only a doubtful deviation from
that of the non-pregnant women, although more
than one-half of the individual curves were dis-
placed to the right.

4. The oxygen dissociation curves of two pre-
mature infants were not different from those of
infants at term.

5. The oxygen dissociation curve after birth
shifts to the right so that within thirty days it is
like that of the normal adult.

6. The alkali reserve of fetal blood is markedly
lowered; that of pregnant women moderately so.
This difference makes it probable that the differ-
ence in oxygen curves is less marked in vivo than
at constant pH,.

7. The sera of the two premature infants, as
well as those of two of the infants born at term,
showed low serum sodium values.
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