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Sodium, Potassium, Calcium, Magnesium, Copper, and Zinc
Composition of Erythrocytes in Vitamin B,, Deficiency
and Iron Deficiency *

LesLik S. VALBERG,7 JouN M. Hort, AND G. MALCOLM BROWN WITH THE
TECHNICAL ASSISTANCE OF J. SzIVEK AND E. PAuLsonN

(From the Division of Hematology and Gastroenterology, Department of Medicine, Queen’s
University, and the Special Investigation Unit, Kingston General Hospital,
Kingston, Ontario, Canada)

There have been a number of previous investi-
gations of mineral constituents in the erthyrocytes
of patients with iron deficiency and pernicious
anemia (1-14), but most of these studies have
been restricted to one or two metals. In many
of them expression of the mineral composition of
the cells has been restricted to the amount per
unit volume of packed cells, and in only a few
instances has the amount of metal per cell or per
unit volume of cell water been given. The pub-
lished data are widely scattered throughout the
literature, and surprisingly few subjects have been
studied. Considerable disagreement still exists
about the exact composition of the cells in these
disorders. In adults with iron deficiency most
results suggest that the average amount of sodium,
magnesium, copper, and zinc per milliliter of
packed red blood cells is not significantly different
from normal (1-6), but Pagliardi, Prato, Gian-
grandi, and Fiorina (7) have reported recently
that copper per milliliter of cells is increased. The
concentration of potassium in iron-deficient eryth-
rocytes has been reported to be normal (8),
slightly raised (1, 2, 9), and markedly increased
(10) by different workers. In pernicious anemia
an increase in erythrocyte zinc has been reported
(4, 11), but recently Herring, Leavell, Paixao,
and Yoe (3) found normal levels of erythrocyte
zinc in this disorder. Magnesium per milliliter

of centrifuged cells has been reported to be normal
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(3) and to be increased (12) by different authors.
Sodium per milliliter of packed cells has been re-
ported to be raised (13), and potassium and cop-
per have been found to be normal (2, 3, 5, 6,
13, 14). Erythrocyte calcium does not appear

-to have been studied previously in either iron de-

ficiency or in pernicious anemia.

This report concerns a study of the pattern of
change in six mineral constituents of the erythro-
cytes in iron deficiency and in vitamin B,, defi-
ciency. The analytical methods used have taken
into consideration differences in cell volume, cell
water, cell hemoglobin, and trapped intercellular
plasma.

Methods

The techniques for collection of blood, sample prepa-
ration, and analysis of plasma and erythrocytes have
been described elsewhere (15-17).

Ten patients with vitamin Bis deficiency who ranged
in age from 52 to 86 years were selected from cases of
pernicious anemia in relapse. The diagnosis was based
on the presence of macrocytic anemia, megaloblastic
changes in a bone marrow aspirate, impaired absorption
of Co®-Bi. that was corrected by the administration of
intrinsic factor, and a satisfactory response to treatment
with vitamin Bi. Eight iron-deficient patients aged 29
to 68 years with anemia due to previous blood loss from
either the uterus or the gastrointestinal tract were se-
lected for study on the basis of hypochromic microcytic
anemia and the absence of stainable iron in a smear of
a bone marrow aspirate. In these subjects correction
of certain results for trapped intercellular plasma was
made from calibration curves prepared from trapped
plasma measurements made by an Evans blue dye dilu-
tion technique (16) on the centrifuged erythrocytes of
patients with iron deficiency and the patients with per-
nicious anemia. The mean and range of blood counts in
the patients are given in Table I. Compared to the
results in a normal control group (17) there was a
significant reduction, p <0.05, in the mean values for
hemoglobin, hematocrit, and red blood cell concentra-
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TABLE I

Blood counts in patients with vitamin B,
deficiency and iron deficiency

Vitamin Bis-defi- Iron-deficient

cient subjects subjects
Mean Range Mean Range

Hemoglobin, g/100 mi 8.1% 4.8-11.0 8.7% 4.7-10.8
Hematocrit, % 24* 14-31 28* 12-35
Red blood count,

cells X 108/ud 2.01* 1.11-2.79 3.90* 1.80-4.70
Reticulocytes,

cells X 108/pu 46 21-92 54 39-100
Mean corpuscular volume,

ud/cell 1231 109-141 72% 66-85

* Mean level decreased significantly, p < 0.05, from mean value in
control group (17). : .
Mean level increased significantly, p < 0.05, from mean value in
control group (17).

tion in both the iron-deficient and vitamin Bis-deficient
groups. The mean corpuscular hemoglobin concentra-
tion was reduced in the iron-deficient group, but the
diminution was not marked considering the degree of
anemia.

A separate study was made of erythrocyte calcium in
ten iron-deficient subjects in which erythrocyte values
were corrected for trapped intercellular plasma from
individual calibration curves prepared by measuring
trapped plasma in each sample with RISA1 (17).
These patients were selected for study on the basis of
anemia and the absence of stainable iron in the bone
marrow aspirate.

A statistical analysis of the deviation from normal of

1 Abbott Laboratories, Oak Ridge, Tenn.
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the results in the two disease states was made with
Student’s ¢ test (18). The equality of the variances was
tested by the F test (18), and wherever a significant
difference was found between the variances the Cox-
Cochrane correction was applied (19).

Results

Control subjects. Values for Na, K, Ca, Mg,
Cu, and Zn in the erythrocytes of control sub-
jects have been reported previously (17).

Vitamin B,, deficiency. The average amount
of Na, K, Ca, Mg, Cu, and Zn was increased per
cell (Table IT and Figure 1). The mean in-
crease in Ca and Cu was in direct proportion to
the increase in cell volume. The average amount
of Na, Mg, and Zn was increased per cell out of
proportion to the increase in cell volume and to
the increase in cell water. The levels in five,
seven, and ten of the ten patients, respectively,
were ouside the normal range. The average lev-
els of both potassium and water per cell and per
cubic micron of cell were significantly increased ;
the amounts per cell were increased above the
normal range in all of the patients, and the
amounts per cubic micron of cell were increased
above the normal range in four of them.

The average total cation concentration per
microliter of plasma water was similar in the con-
trol subjects and the vitamin B, ,-deficient patients

TABLE II

Chemical composition of erythrocytes in vitamin Bis deficiency (mean value + SD)

umoles X 1073/

umoles X 1078/ umoles X 10712/ mﬁol:s X 1073/ umoles/umole umole of
ue/e umoles/g cell w3 of cell w H20 of Hb nitrogen
Sodium 255.7 + 28% 111 £1.2% 1.70 £ 0.19% 13.9 £ 1.5% 16.5 +2.0% 2.77 £ 0.41% 5.72 3+ 0.61*
Potassium 3,636 o113 9299 +29 14.3 + 1.4% 116.4 =+ 8.4% 1375 £3.5 23.3 +3.3 48.0 3.6
Magnesium 69.3  16* 2.85 =+ 0.65% 0.440 =+ 0.12% 3.58 =+ 0.86* 4.21 =+ 0.96* 0.712 +0.18%* 1.46 + 0.33*
Zinc 15.5 &+ 2.9% 0.237 £ 0.04* 0.0363 3= 0.0076* 0.296 + 0.061%* 0.351 4 0.070% 0.0588 + 0.010% 0.122 + 0.022*
umoles X 108/
umoles umoles X 10712/ umoles X 10718/ umoles X 1078/  umoles X 1073/ umole of
re/e X 107%/¢g cell ud of cell ul Hz0 umole of Hb nilrogen
Calcium 2.48 + 0.43 61.8 +11 9.54 £ 2.1% 779 +18 91.4 + 15 15.7 +£4.5 319 +£59
Copper 0.83 &= 0.13t 13.2 + 2.1t 2.01 = 0.30* 16.5 + 2.8 19.5 + 3.3t 3.27 £0.48 6.74 + 0.77t
umoles X 107%/ umoles X 10712/
ng X 103/ml umoles/ml cell ud of cell
Hemoglobin 337.5 =+ 41 5.04 = 0.62 0.618 + 0.061* 5.04 &= 0.44 Mean cell volume 123 &+ 9.3*
umoles umoles X 1073/ umoles X 10712/
ug X 108/¢g X 103/g cell u of cell
Nitrogen 54.5 + 2.7 195 + 0.10 298 = 20% 2,435 =214
uh X 10713/
ug X 10%/¢g ul/e ul X 1079/cell ud of cell
Water 676.3 +16 676.3 =+ 16 103 £ 10* 847 + 66

* Mean level increased significantly,

p <0.
1 Mean level decreased significantly, p < 0.

05, from value in control group (17).
05, from value in control group (17).
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*deviotion from normal significant ot p<0.05

Fic. 1.

Bis DEFICIENCY FROM RESULTS IN A NORMAL CONTROL GROUP (17).

nitrogen; MCV = mean cell volume.

(Table IV). The average cation level per micro-
liter of erythrocyte water was slightly greater in
the cells of patients with vitamin B,, deficiency
than in the control subjects due to an increase in
the concentration of sodium and magnesium.

Iron deficiency. The average chemical com-
position of the erythrocytes and the percentage de-
viation of the results from normal are given in
Table IIT and Figure 2, respectively. As would
be expected the mean level of hemoglobin and
nitrogen was markedly reduced per cell, but it
was only slightly decreased per cubic micron of
cell. The average amount of Na, Mg, Cu, and Zn
was decreased per cell, but the level per cubic
micron of cell and per microliter of water was
within normal limits. The average amount of K
per cell was decreased, the level per cubic micron
of cell, per micromole of hemoglobin, and per
micromole of nitrogen was slightly increased, and
the concentration per microliter of cell water was
normal. The deviation of K from normal was

PERCENTAGE DEVIATION OF CHEMICAL COMPOSITION OF ERYTHROCYTES IN VITAMIN

HGB = hemoglobin; NGN =

paralleled by a similar change in cell water. The
mean value and range of erythrocyte Ca was in-
creased per cell, per cubic micron of cell and per
microliter of cell water in the iron-deficient sub-
jects. The results in four of the eight patients
were above the upper limit of normal, and there
was no relationship between the severity of the
anemia and the Ca value.

The average total cation concentration per mi-
croliter of plasma water in the iron-deficient sub-
jects was similar to the level in the control group,
and the average concentration of cation in the
iron-deficient erythrocytes was not significantly
different from normal (Table IV).

The hemoglobin concentration, mean cell vol-
ume, and erythrocyte calcium values in 11 pa-
tients with iron deficiency in whom trapped
plasma correction was made with RISA are com-
pared in Table V to the results in 18 control sub-
jects. The average amount of calcium per cell,
per unit volume of cell, per microliter of cell wa-
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TABLE III
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Chemical compostiton of erythrocytes in iron deficiency (mean value &= SD)

pmoles X 1079/
ne/e umoles/g cell
Sodium 193.7 &+ 28 842 +1.2 0.733 =+ 0.099%
Potassium 3,903 - 240*% 99.81 :+6.1* 871 +0.73t+
Magnesium 553 £ 6.7 2.27 +0.28 0.199 = 0.036%
Zinc 109 &+ 1.9 0.167 £ 0.03  0.0145 =+ 0.0019%
umoles pmoles X 10713/
ne/e X 1073/¢ cell
Calcium 3.60 = 1.23* 89.8 o 31% 7.75 = 2.6%
Copper 096 =+ 0.22 152 =+ 34 132 + 0.27f
pmoles X 1073/
ng X 10%/m umoles/ml cell
Hemoglobin 310.0 =35 4.65 £ 0.49 0.339 £ 0.047t
umoles umoles X 107/
ng X 108/g X 10%/¢ cell
Nitrogen 49.2 + 2.8f 1.76 &= 0.10f 154.0 217}
ng X 10%/¢ ul/e wl X 107%/cell
Water 707.8 £ 21.4* 707.8 =+ 21.4% 61.8 +5.1t

2,130

moles X 1071/
KR of cell

10.2 +14
121 + 11*

2.75 +0.32

0.201 =+ 0.030

pmoles X 10718/
ud of cell

108.4 o4 37*

182 + 3.4

moles X 10712/
“ u3 of cell

4.70 &= 0.58
umoles X 10712/
ud of cell

=+ 1931

X 10712/
u3 of cell

857 - 42%

umoles X 1073/
umoles X 1073/  umoles/umole umole of
ul H0 of Hb nitrogen
119 +1.5 2.20 +0.43 4.81 +0.74
141 =+ 10 259 2.0 57.0 =+ 5.5%
3.21 +£0.38 0.591 +=0.092 130 +0.17
0.235 4 0.036  0.047 =+ 0.010  0.0957 = 0.019
moles X 1078/
pmoles X 1078/  umoles X 1073/ umole of
wuh H:O umole of Hb nitrogen
126.8 4+ 41%* 23.6 = 8.9% 51.6 =+ 18.6*
21.3 = 4.2 3.96 + 1.04 8.71 + 2.34

Mean cell volume 72 &+ 7.1%

* Mean level increased significantly, p
1 Mean level decreased significantly, p

ter, and per micromole of hemoglobin was sig-
nificantly increased, and the results in 9 of 11 pa-
tients were above the normal range. The amount

Na K Ca Mg

20 1
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< 0.05, from value in control group (17).
< 0.05, from value in control group (17).

of calcium in the iron-deficient erythrocytes
showed no relationship to the age of the patients,
the etiology of the iron deficiency, the degree of

Cu Zn

* deviation from normal significant ot p<0.05

Ha0 HGB NGN  McV

*

F1c. 2. PERCENTAGE DEVIATION OF CHEMICAL COMPOSITION OF ERYTHROCYTES IN IRON DEFICIENCY
FROM RESULTS IN A CONTROL GRouP (17).
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anemia, mean cell volume, or to the plasma calcium
concentration, which was within the normal range
in all of the patients.

Discussion

The finding of increased erythrocyte zinc in
vitamin B,, deficiency is in accord with the re-
sults of Vallee and Gibson (4) and Talbot and
Ross (11), but it contradicts the report of Her-
ring and co-workers that erythrocyte zinc is nor-
mal in untreated pernicious anemia. Zinc forms
an integral part of carbonic anhydrase, and Vallee,
Lewis, Altschule, and Gibson (20) have demon-
strated that the increase in zinc in pernicious ane-
mia is paralleled by an increase in the activity of
this enzyme. It is of interest that leukocyte zinc
is not deviated from normal in this disorder (4).

The finding of increased copper per cell but no
significant deviation of copper per cubic micron
of cell from normal in the B ,-deficient subjects
is in agreement with the results of Lahey, Gubler,
Cartwright, and Wintrobe (5) (Table VI). Our
results also suggest that the average increase in
copper per cell is not quite so great as the average
increase in water, hemoglobin, or nitrogen per cell

ZN IN IRON AND B,, DEFICIENCY 1229

TABLE IV

Total cation concentration of plasma and erythrocytes in
vitamin B deficiency and iron deficiency

Average concentration and

standard deviation
Plasma Erythrocytes
mEq/L water
Vitamin B, 162.3 = 6.2 162.6 =+ 4.5*
deficiency
Iron deficiency 161.5 & 2.6 159.6 £ 9.5

* Deviation from control value (17) significant at p
< 0.05.

and the ratios of copper : water and copper : nitro-
gen are significantly reduced (Table II).

The explanation for the raised erythrocyte so-
dium in vitamin B,, deficiency is not clear.
Shortened erythrocyte survival due to intrinsic
abnormality in the cell has been found in per-
nicious anemia (21), and it is possible that the
raised sodium is a reflection of premature senes-
cence of the cells. It is also possible that the raised
sodium is secondary to increased permeability of
the cell to plasma sodium. Bang and @rskov (22)
have demonstrated that in pernicious anemia there

TABLE V

Calcium levels in erythrocytes of pattents with iron deficiency

Case  Age Etiology of iron Hemo-  Mean cell
no. years deficiency globin volume Erythrocyte calcium
8/100 ud pumol les X 10718/ les X 10~  pmoles X 1073/
ml X 10712/cell ud of cell ul H:O umole Hb
1 68 M Gastric ulcer 8.1 89.7 5.79 64.5 78.9 13.0
36 F Menorrhagia 11.3 91.6 7.75 84.6 105.6 17.9
3 77 F Gastrointestinal 11.3 92.5 6.84 73.9 92.1 15.8
bleeding of unknown
origin
4 65 M Diverticulosis 8.6 75.0 5.13 68.4 82.3 16.6
78 F Partial gastrectomy 11.3 92.5 4.41 47.6 56.3 9.74
80 F Gastrointestinal 10.3 94.7 6.69 70.7 86.8 14.3
bleeding of unknown
origin
7 40 M Partial gastrectomy, 5.9 79.5 7.40 93.1 104.2 23.4
stomal ulcer
8 30 F Menorrhagia 9.7 87.9 7.83 89.0 110.5 18.6
83 M Hiatus hernia 8.5 70.4 4.54 64.5 81.5 15.2
10 80 M Gastric ulcer 9.7 88.9 5.64 63.4 80.4 12,7
11 60 F Diverticulosis 10.9 89.8 2.53 28.3 38.5 5.94
Iron-deficient subjects Mean value 4= SD 86.6 + 7.8 5.87 +1.64* 68.0 & 18.5%* 83.4 4 4.62% 14.8 4 4.62*
18 control subjects Mean value + SD 90.7 += 3.5 3.93 + 0.87 43.2 = 9.17 56.7 £ 12.2 7.97 + 1.64
Range (83.3-96.2) (2.44-5.38) (26.3-55.9) (34.0-73.1) (5.12-10.2)

* Deviation from mean value in control group statistically significant at p < 0.01.
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TABLE VI

Comparison of mineral composition of erythrocytes in vitamin Biz-
deficient subjects with values in literature

No. of Mean level of constituent with percentage
Element cases deviation from normal in parentheses References
ne/g* ug X 10%/cell ug X 10-%/ul H:0
Sodium 10 256(+27%) 39.1(+82%) 378(428%) Present study compared
with values in a normal
control group (17)
6 756 (+110%) 98.7(+313%) Williams and associates (13)
3 293(+129%) 460(+18%) Maizels (2)
Potassium 10 3 636(+0 49%) 558(+45%) 5,376 (+1%) Present study
6 66 (+7%) 527(4+90%) Williams and associates (13)
6 2, 833—3 500(0%) Bertcher and Meyer (14)
4 3, 137 (0%) 5,889 (+1%) Maizels (2)
Magnesium 10 69.3(+22%) 10.7(+76%) 102 (+22%) Present study
8 112(493%) Bang and @rskov (12)
6 91(4+23%) Herring and associates (3)
Zinc 10 15.5(+42%) 2.37(4+104%) 23.0(+43%) Present study
9 20.6(+58%) 2.59(+113%) Vallee and Gibson (4)
6 8.2(—18%) Herring and associates (3)
8 20.8(+76%) Talbot and Ross (11)
Copper 10 0.83(—129%) 0.13(+26%) 1.24(—11%) Present study
? 1.25(+ 14%) Gisinger (6)
6 0.81(0%) Herring and associates (3)
2 0.89(—15%) 0.126(+25%) Lahey and associates (5)

* Results in the literature expressed as wt/vol of packed cells were converted to wt/wt with 1.095 as the specific

gravity of the erythrocytes.

is increased permeability of the erythrocytes to
glucose, malonamid, and thiourea, and it is not
unreasonable to postulate that permeability to
sodium might be increased too. Another possible
explanation is a specific defect in the sodium pump
due either to an intrinsic defect in the cell or to
damage by an extrinsic factor in the plasma. The
survival of normal erythrocytes in patients with
pernicious anemia is shortened (21), and it may
be that inhibition of the sodium pump is brought
about by a noxious factor in the plasma.

The finding of an increase in the average
amount of magnesium per cell and per cubic mi-
cron of cell in vitamin B,, deficiency confirms the
earlier observation of Bang and (rskov (12), but
it refutes the recent report of Herring and asso-
ciates (3) that erythrocyte magnesium is normal
in untreated pernicious anemia. The raised eryth-
rocyte magnesium was not associated with ab-
normality in the plasma magnesium concentration.
It is of interest that in vitamin B,, deficiency
many of the enzymes in the erythrocyte involved
in anaerobic glycolysis including phosphoglycer-
ate kinase and pyruvate phosphokinase, which are

activated by magnesium ions (23), are increased
two or three times greater than one would ex-
pect from the increase in cell size (24, 25). De-
spite this, the glucose uptake of the cell has been
reported to be decreased (26, 27).

In iron deficiency the diminution per cell in the
average amount of sodium, magnesium, copper,
and zinc was directly proportional to the change in
cell volume and cell hemoglobin. The results are
in accord with those found by others with one
exception (Table VII). The finding of Pagliardi
and associates (7) of increased copper per milli-
liter of erythrocytes in adults with iron deficiency
has not been confirmed. Lahey and co-workers
(5) have reported increased amounts of copper
per cell in 5 of 14 iron-deficient infants, but they
found normal levels in adults with iron deficiency.
The reason for the difference between erythrocyte
copper levels in adults and infants with iron de-
ficiency is not clear.

Erythrocyte calcium was raised in four of the
eight iron-deficient subjects in whom trapped
plasma correction was made from a composite cali-
bration curve (Table IIT) and in 9 of 11 cases
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TABLE VII

Comparison of mineral composition of erythrocytes in iron-deficient subjects with values in literature
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No. of Mean level of constituent with percentage
. Element cases deviation from normal in parentheses References
ne/g* wug X 10%/cell  pg X 107/l H:0
Sodium 8 193(—4%) 16.8(—21%) 273(—8%)  Present study compared with values
in a normal control group (17)

3t 315§+8%) 25.3(—21%) Ericksen and associates (15)

8 299(—6%,) 344(+6%) Maizels (2) v

5 299(—7%)  McCance and Widdowson (9)
Potassium 8 3,903(+8%) 341(—129%) 5,518(4+49%)  Present study

8 4,120(+7%) 5,310(0%)  Maizels (2)

5 4,520(+13%) 6,320(+5%) McCance and Widdowson (9)

2 5,593(+84%) Singer, Hoff, Fisch, and DeGraff (10)

23 3,429(—2%) Lans, Stein, and Meyer (8)

3t 4,567(412%) 320(—9%) Ericksen and associates (1)
Magnesium 8 55(—3%) 4.8(—20%) 78.1(—69%)  Present study

6 80(48%) Herring and associates (3)
Zinc 8 10.9(0%) 0.95(—18%) 15.4(—49%)  Present study

1 11.8(—9%) 1.01(—24%) Vallee and Gibson (4)

6 11.7(4+17%) Herring and associates (3)
Copper 8 0.96(+29%) 0.083(—17%) 1.35(—39%)  Present study

3 1.09(—49%) 0.073(—27%) Lahey and associates (5)

141 1.52(432%) 0.091(—9%) Lahey and associates (5)

6 0.73(—10%) Herring and associates (3)

? 1.05(+5%) Gisinger (6) :

8 2.95(+140 %) Pagliardi and associates (7)

* Results in the literature expressed as wt/vol of packed cells were converted to wt/wt with 1.095 as the specific

gravity of the erythrocytes.
t Children.

where correction for calcium and trapped inter-
cellular plasma was made with RISA (Table V).
The large deviation of calcium values about the
mean value in the first iron-deficient group is due
to differences in the amount of trapped plasma
in the packed cells that were not taken into ac-
count when trapped plasma correction was made
from a composite calibration curve. The lower
mean value and narrower range of results for
erythrocyte calcium in the second group in which
trapped plasma correction was made with RISA
is due to greater accuracy of this method and to
the slightly higher value for trapped plasma ob-
tained with RISA in comparison to Evans blue
dye, the latter having been used to construct the
composite calibration curve (17). The explana-
tion in iron deficiency of the raised erythrocyte
calcium and the significance of this finding are not
clear. The increase in calcium was not related
to the severity of the anemia, the mean corpuscu-
lar volume, or the mean corpuscular hemoglobin
concentration, nor was it associated with abnor-

mality in plasma calcium concentration. In the
two iron-deficient patients in whom erythrocyte
calcium was normal, one (No. 5, Table V) had
just recovered from staphylococcal cellulitis of the
face that had been successfully treated with peni-
cillin, and the other (No. 11) subsequently de-
veloped polycythemia vera after treatment with
iron. It is possible that these associated condi-
tions account for the difference between erythro-
cyte calcium values in these cases and the other
patients with iron deficiency, but a study of a
larger number of patients with iron deficiency due
to different causes is required to settle this.
Gent, Trounce, and Walser (28) have reported
that in vitro the binding of calcium ions by eryth-
rocyte ghosts is affected by magnesium ions, but
both plasma and erythrocyte magnesium concen-
trations were normal in the iron-deficient subjects.
Dunham and Glynn (29) have reported that cal-
cium ions in small amounts increase the ATPase
activity of erythrocyte ghosts three- to fourfold,
but higher levels lead to inhibition. The concen-
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tration of calcium ions required to inhibit AT Pase
activity in these in witro studies was ten times
greater than the levels found in iron-deficient
erythrocytes, and it seems unlikely that the less
than twofold increase in calcium concentration in
these cells (Table V) would produce inhibition
of ATPase activity.

Both Henderson (30) and Maizels (2) have
previously reported an increase in the cation con-
centration per unit volume of erythrocytes in per-
nicious anemia, but appropriate correction for so-
dium in trapped intercellular plasma was not made
in either of these studies, nor was the concentra-
tion of erythrocyte magnesium considered. In the
present study a significant increase in the average
total cation concentration per liter of erythrocyte
water was found in vitamin B,, deficiency, but
the raised level in iron deficiency was not sig-
nificantly deviated from normal (Table IV).

Summary

1. The levels of sodium, potassium, calcium,
magnesium, copper, and zinc were determined in
the erythrocytes of ten patients with untreated
pernicious anemia and eight patients with iron
deficiency anemia.

2. In vitamin B,, deficiency the average amount
of each mineral constituent in the cell was in-
creased. The average amount of sodium, mag-
nesium, and zinc was increased per cubic micron
of cell, per microliter of cell water, and per micro-
mole of hemoglobin, but only zinc was raised in
all of the subjects. The mean increase in potas-
sium per cell was slightly greater than the mean
increase in cell volume, and it was accompanied
by a similar increase in cell water. The mean in-
crease in calcium and copper was proportional to
the increase in cell volume.

3. In iron deficiency the average amount of so-
dium, potassium, magnesium, copper, and zinc
in the cell was decreased. The diminution in so-
dium, magnesium, copper, and zinc was propor-
tional to the decrease in cell volume. The decrease
in potassium per cell was slightly less than the de-
crease in cell volume, and it was accompanied by
a similar change in cell water.

4. Erythrocyte calcium was increased above the
normal range in four of eight patients with iron
deficiency in whom analysis on packed cells was
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corrected for calcium in trapped plasma using a
composite calibration curve and in 9 of 11 patients
in whom trapped plasma correction was made
with I"*-labeled serum albumin.

5. The average total cation concentration per
liter of erythrocyte water was increased in vitamin
B,, deficiency.
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