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It has been shown that the proportion of dif-
fusible serum calcium is higher in pregnant than
in nonpregnant women (1, 2), even though the
total calcium is decreased during gestation (3,
4, 5). At birth the proportion of diffusible cal-
cium in cord blood is lower than in the maternal
blood (2, 6, 7), although the total calcium is 1
to 3 mgm. higher in the newborn (8, 9, 10). It
is still questionable whether these reported changes
in the proportions of diffusible calcium in the
blood during pregnancy and at birth are due to
absolute changes in this fraction or are the result
of changes in the total calcium.

McLean and Hastings (11) have indicated that
the different values for diffusible calcium and for
ionic calcium, as determined by the frog heart
method, may be reconciled when account is taken
of the observation that body fluids contain small
amounts (maximum, 0.15 mM. per kilogram of
water) of a non-ionic but diffusible form of
calcium. For practical purposes, it may be as-
sumed that the diffusible calcium consists almost
entirely of ionized calcium, and represents the
filterable calcium obtained by ultrafiltration. Mc-
Lean and Hastings have proposed a method for
determining the ionic calcium indirectly by cal-
culations based upon the observed serum protein
and total calcium, since it is their contention that
“the ionization of calcium is determined pri-
marily by an equilibrium between calcium and
protein.”

In this study ionic calcium values calculated by
such a method will be compared with the deter-
mined filterable calcium.

METHODS AND MATERIALS

Blood was obtained from the arm veins of eight
healthy nonpregnant women, from eighteen nor-
mal women in the last month of pregnancy, from
twenty-five normal parturients at the time of de-

livery and from the cords of their babies imme-
diately after birth. Stasis was avoided.

After clotting had occurred, the blood was cen-
trifuged and the serum decanted. Filterable cal-
cium was determined by the Gregory and Andersch
(12), modification of the Greenberg and Gunther
(13) method and total calcium by the Clark-
Collip (14) modification of the Kramer-Tisdall
(15) procedure. The total nitrogen was deter-
mined by the micro-Kjeldahl method (16) and
the determined nonprotein nitrogen subtracted to
give the protein nitrogen which was multiplied
by the factor 6.25 to obtain the total protein.
In the nonpregnant group, the total serum pro-
tein was not determined but was assumed from
values previously reported by one of us (4).

RESULTS AND DISCUSSION

The averages and ranges, with median values,
are tabulated in Table I. In nonpregnant women
the average total calcium is 10.5 mgm. per cent
while in the late pregnant this value is reduced
to 9.8 mgm. per cent, while in both groups the
average filterable calcium is 5.2 mgm. per cent.
It is evident that the increase in the percentage
of filterable calcium during late pregnancy is due
to a fall in the total calcium rather than to an
absolute increase in the filterable portion.

The average total serum calcium from cord
blood is 11.8 mgm. per cent although the maternal
blood at the time of delivery contains only 10.4
mgm. per cent. The values for filterable calcium
in maternal and cord blood, 5.5 and 5.3 mgm.
per cent, respectively, are practically the same as
the corresponding values in the nonpregnant and
pregnant groups. The average percentage of fil-
terable calcium is lower in cord blood, confirming
the observations of Nicholas, Johnson, and
Johnston (2), but this proportional decrease is
due to the increase in the total calcium. The
slightly increased value for filterable calcium (5.5
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TABLE 1

Averages and ranges with median values for serum protein, total calcium, filterable calcium, and calculated ionic calcium in
nonpregnant, pregnant, and parturient women and in newborn children (cord blood)

. Serum protein Total calcium Observed filterable | cqlculated ionic calcium
Material bel:nc:;
cases Average : Average Average Average :
and range Median and range Median and range Median and range Median
3 X 100 | mem. per| 3 mgm. per
grams per cent pxe'rac?nt mgm. per cent p:‘;:m "‘2" ate | 190 :‘c‘ ’:";"m’:dgo 103 agg‘}m
Nonpregnant women....| 8 7.22* 10.5 10.4 5.2 5.3 5.0
Normal late pregnant
women.............. 18 6.08 6.20 9.8 9.7 5.2 5.3 5.0 5.0
(7.13-5.00) (11.2-8.2) (6.6-3.2) (6.2-3.6)
Parturient women. . . ... 25 6.44 6.46 10.4 10.3 5.5 5.4 51 5.2
(7.29-5.09) (11.7-8.8) (7.34.4) (6.04.3)
Newborn children (cord
blood)............... 25 5.52 5.43 11.8 11.7 5.3 5.3 6.4 6.2
(6.29-4.75) (12.6-10.9) (6.9-3.2) (7.7-5.3)

* This value was not determined simultaneously with total and filterable calcium.

1 The units “mgm.
since the filtrate is protein free.

mgm. per cent) in parturient women may be ex-
plained on the basis of the increased concentration
of serum during labor observed by Oberst and
Plass (17).

In general it appears that the average values
for filterable calcium are quite uniform in non-
pregnant, pregnant, and parturient women, and
in the newborn (cord blood). The percentage
variations noted by earlier investigators are due
to the variations in total calcium.

Ionic serum calcium values calculated by the
method of McLean and Hastings (11) for the
most part agree reasonably well with the deter-
mined values for filterable calcium in nonpreg-
nant, pregnant, and parturient women; but in the
newborn (cord blood) the average ionic calcium
value (6.4 mgm. per cent) does not compare well
with the average filterable calcium value of 5.3
mgm. per cent. This considerable variation can-
not be interpreted from the present data. Appar-
ently, there are other factors which must be
considered in using the calculations proposed by
McLean and Hastings, or there is some charac-
teristic of fetal blood which disturbs the equation
they have developed.

SUMMARY

1. Average values for filterable serum calcium
are constant in nonpregnant, late pregnant, and

100 cc. filtrate” and ‘‘mgm. per 100 grams water” represent approximately the same terms,

parturient women and in the newborn. Reported
percentage variations are due primarily to changes
in the total calcium.

2. Average values for ionic serum calcium cal-
culated from serum protein and total calcium by
the method of McLean and Hastings agree reason-
ably with the determined filterable calcium in
nonpregnant, late pregnant, and parturient women
but not in newborn (cord blood), where the cal-
culated ionic calcium is 20 per cent higher than
the determined filterable calcium.
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