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Potassium Deficiency in the Pregnant Dog *

C. V. SERRANO,t L. M. TALBERT, AND L. G. WELTA
(From the Departments of Medicine, Obstetrics and Gynecology, Nutrition, and Biochemistry,

School of Medicine, University of North Carolina, Chapel Hill, N. C.)

Stewart and Welt (1) reported that the induc-
tion of potassium depletion in pregnant rats did
not result in a fetal potassium deficit. Two al-
ternative hypotheses were offered to explain the
sparing of the fetus. First, there might be some
form of active transport resulting in the transfer
of potassium from mother to fetus. Second,
the usual gradient for potassium between extra-
cellular and cellular fluid might be so much greater
in the fetus that the concentration of potassium
in fetal plasma is lowered, thus establishing a
downhill chemical gradient from maternal arterial
to fetal plasma. In the first instance, there should
be an uphill chemical concentration gradient for
potassium between the maternal and fetal circu-
lations; in the second circumstance, one would an-
ticipate the reverse. Either of these explanations
could have been valid in the earlier study (1) and
not been detected, since total fetal carcass was
analyzed, and small but significant changes in the
extracellular concentration of potassium would
have been masked.

This study was therefore undertaken in dogs
to examine the relationship between the concen-
trations of potassium in maternal and fetal serum
shortly before term in animals that were ingesting
either a normal diet or one that was complete ex-
cept for the omission of potassium.

* Submitted for publication August 9, 1962; accepted
September 12, 1963.

This study was supported by U. S. Public Health
Service grant H-1301.

t Work done in part during the tenure of a Rockefeller
Foundation fellowship and of U. S. Public Health Serv-
ice training grant 2A-5054. Present address: Departa-
mento de Pediatria, Hospital Universitario, Cali, Valle,
Columbia, South America.

t This investigation was supported in part by a U. S.
Public Health Service Research Career Program Award
(1 K6-AM-934-01) from the National Institute of Ar-
thritis and Metabolic Diseases.

Materials and Methods
Female beagle dogs ranging in weight from 7 to 9 kg

were mated on 3 consecutive days with a male of the
same strain, approximately 7 to 10 days after the initia-
tion of the oestrual period. On the second day of breed-
ing, a sample of venous blood and a muscle biopsy were
obtained to estimate the concentrations of electrolytes in
serum and muscle before pregnancy. The control ani-
mals were provided with a diet recommended by Albrit-
ton (2) that contained all the nutritional components in
adequate quantities. The animals in the experimental
group received the same diet but with the omission of
potassium beginning on the first day after mating.

Approximately 3 to 4 days before the expected date
of whelping, the pregnancies were terminated by Caesar-
ean section with sodium pentobarbital as the general
anesthetic. Prior to the section, a Cournand needle was
placed in a maternal femoral artery. In the first studies
the animals were permitted to breathe naturally. Be-
cause of the possibility that hypoxia might develop, the
remainder of the studies were performed using an endo-
tracheal tube and a pump-respirator employing room air
or oxygen. There were no apparent differences among
the two groups of animals.

After the uterus was exposed, each amniotic sac was
visualized by separate transverse incisions. The amniotic
membrane was opened; the fetus was extracted and
wrapped in a warm, wet cloth to prevent vasoconstriction
of the umbilical vessels. Blood samples were then ob-
tained simultaneously from the umbilical artery and vein
and from the maternal femoral artery. Muscle tissue
was taken from the mother, and the puppies were used
for total carcass analysis.

Sodium and potassium analyses were made with a
standard internal flame photometer, chloride with a Cot-
love chloridometer (3), and total CO2 content by the
method of Van Slyke and Neill (4). The muscle tis-
sue and carcass were prepared as described previously
(5).

The statistical analyses employed the following equa-
tion when differences between maternal femoral arterial
and umbilical vein blood were evaluated:

t = a

2( (j ndz I
s) X

I

where t refers to the t test, d represents the mean of all the
differences, di represents the sum of the differences between
the fetuses and a single bitch, ni represents the number of
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TABLE I

Analyses of maternal serum and muscle

Serum Muscle

Group K Na Cl C02 K Na C1 Nai* H20

mmoles/L mmoles/100 g FFDSt g

Control, prepregnant (5)$ 4.3 150 112.6 25 35.4§ 15 11 1.7 335
Control, at term (5) 4.1 146 112 21 39.5 13 9.8 1.6 344

Experimental, prepregnant (6) 4.1§ 145 111 23.711 36.1§ 15.311 11.3 2.0§ 350¶
Experimental, at term (6) 2.7 145 113 20.3 28.4 20 9.3 9.2 329

* Nai = intracellular sodium.
t FFDS = fat-free dry solids.
T Numbers in parentheses refer to the number of animals in the group.
§ Statistically significant at p = <0.01. The designation of statistical significance refers to paired groups.

Statistically significant at p = <0.05.
m Statistically significant at p = <0.02.

observations of differences between fetus and bitch, and ble II shows the significant difference in the con-
B represents the number of bitches.1

In other instances the t was computed by the standard centrations of potassium between the maternal
formula for pooled variance. arterial and the fetal umbilical vein blood, a dif-

ference even among the control animals but mark-
Results edly exaggerated in the case of the potassium-de-

The prepregnant and at-term values for the pleted bitches. In this latter instance the mean
control bitches were not different from each other, concentration of potassium in umbilical vein se-
except -that the muscle potassium content was rum was twice that of the mean value for the ma-
higher at term (Table I). In contrast, the experi- ternal arterial serum. These data are also pre-
mental bitches had the classical chemical hall- sented in Figures 1 and 2.
marks of potassium depletion-hypokalemia, a Among other significant dissimilarities, there
depressed content of muscle potassium, and an are clear differences between the concentrations of
increase in calculated intracellular sodium. Ta- chloride in the serum of umbilical blood and the

maternal arterial serum. In this instance, how-
1 The authors are indebted to Dr. J. E. Grizzle of the ever, the concentration gradient is from the ma-

Department of Biostatistics, School of Public Health, ternal to the fetal circulation. The magnitude of
University of North Carolina, for this formula. It per- .
mits a more rigid analysis of the data; since the number the difference in the concentrations of chloride is
of fetuses per bitch was different, the formula permits not, however, greater in the control than in the
an evaluation of the variance due to the bitches. potassium-depleted group. The total CO2 con-

TABLE II

ltaternal and fetal serum electrolyte concentrations

Serum

Group Specimen K Na C1 C02

mmoles/L
Maternal femoral artery 4.1t 146 112t 21

Control* Umbilical vein 5.3 147 106 25t
Umbilical artery 5.1 149 107 28.5

Maternal femoral artery 2.7t 145 113* 20.3t
Experimental* Umbilical vein 5.4§ 144 108.5 24.5

Umbilical artery 5.9 145 108.5 26

* See Figures 1 and 2.
t Statistically significant at p = <0.01. Statistical comparisons are between maternal femoral arterial and umbilicalvein sera in the appropriate groups, unless a different pairing is indicated.
t Statistically significant at p = <0.02.
§ Statistically significant at p = <0.05.
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SERUMPOTASSIUM CONCENTRATIONSIN CONTROLGROUP

I
'1.

J Serum [K] in matel fmoral artery,
0 Serum [K] in fetal umbilical vein

FIG. 1. CONCENTRATIONSOF POTASSIUM IN SERUM OF THE MATERNALFEMORAL ARTERY

AND OF THE FETAL UMBILICAL VEIN AMONGTHE CONTROLBITCHES AND THEIR PUPPIES.

SERUMPOTASSIUM CONCENTRATIONSIN EXPERIMENTALGROUP
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Serum [K] in maternal femoral artery
0 Serum [KJln fetal umbilical vein

FIG. 2. CONCENTRATIONSOF POTASSIUM IN SERUMOF THE MATERNALFEMORALARTERYAND OF

THE FETAL UMBILICAL VEIN AMONGTHE POTASSIUM-DEPLETEDBITCHES AND THEIR PUPPIES.
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TABLE III

Potassium content of fetal carcass,
fetal dry weight, and litter size

Fetal Litter
Group Fetal carcass K dry wt size

mmoles/100 mmoles/ g no.
g FFDS carcass

Control (5)* 35.8 9.5 27 4.4
Experimental (6) 35.6 9.4 26.4 4.2

* Numbers in parentheses refer to the number of
animals in the group.

tent of umbilical serum is higher than that of the
maternal serum in the experimental but not in the
control group.

There are also a few differences between um-
bilical vein and umbilical artery. In the experi-
mental group there is a higher concentration of
potassium in the umbilical artery, but this is of
borderline significance; in the control group there
is a higher total CO2 content in the umbilical
artery.

There are no differences in the potassium con-
tent of the fetuses when expressed in terms of
unit weight of fat-free dry carcass solids or total
carcass, nor is there a difference in the dry weight
of the fetuses, nor in the size of the litters
(Table III).

Discussion

The canine fetus is clearly spared the potas-
sium depletion induced in the mother. In addi-
tion, there is an uphill chemical concentration
gradient for potassium between the maternal and
fetal side of the placental circulation; that this
gradient can be of striking proportions is seen in
the dogs that were deficient in potassium. These
data strongly suggest the interposition for this
ion of some form of active transport involving
unknown components of the placental structure.
The gradient of the difference in the levels of
chloride between these two circulations is in an
opposite direction. The magnitude of the differ-
ence is, however, the same in the experimental as
in the control group, despite the marked differ-
ence in potassium concentrations in the former,
suggesting that these two gradients of opposite
direction and charge are not directly interrelated.

Conceivably, the higher concentration of potas-
sium in the umbilical vein than in the maternal

arterial serum is a consequence of hypoxia of the
placenta and a movement of cellular potassium to
an extracellular position. To circumvent this
possibility, adequate respiration was assured with
a pump-respirator in the majority of the experi-
ments. Furthermore, if there had been any sig-
nificant hypoxia of placental tissue, it should have
been even more striking in the fetal tissue and
been reflected in more significant changes in po-
tassium and CO2 content between umbilical vein
and umbilical arterial blood. In fact, in the con-
trol group there was a small though significant
change in total CO2 content, and in the experi-
mental group there was only a borderline differ-
ence in the level of potassium in the two sera.
These alterations do not support the suggestion
that hypoxia was responsible for the higher levels
of potassium in the umbilical vein blood.

There are, of course, other examples of active
transport of materials between the maternal and
fetal circulations. Among these are sugars,
amino acids, iron, and water-soluble vitamins.
These are all discussed in an excellent review of
this problem (6), but in no instance has a specific
mechanism been isolated and studied.

Summary
Potassium depletion was readily induced in

pregnant bitches by feeding a diet deficient in this
cation. This deficit of potassium did not inter-
fere with the pregnancy in terms of size of litter
or the viability and weight of the fetuses. There
was no evidence that the fetuses of potassium-de-
ficient bitches were depleted of this ion. There
was a significant uphill chemical concentration
gradient for potassium across the placentae of
both control and experimental animals from
mother to fetus. This was most striking in the
case of the potassium-depleted bitches. There
was a downhill chemical concentration gradient
for chloride from maternal serum to fetal serum
that was of the same magnitude in both groups
of animals. The results of this study strongly
suggest the probability of an active mechanism for
the transport of potassium from mother to fetus.

References
1. Stewart, E. L., and L. G. Welt. Protection of the

fetus in experimental potassium depletion. Amer.
J. Physiol. 1961, 200, 824.

30



POTASSIUMDEFICIENCY IN THE PREGNANTDOG

2. Albritton, E. C., Ed. Standard Values in Nutrition
and Metabolism. Philadelphia, W. B. Saunders,
1954, p. 63.

3. Cotlove, E., H. V. Trautham, and R. L. Bowman. An
instrument and method for automatic, rapid, ac-

curate, and sensitive titration of chloride in bio-
logical samples. J. Lab. clin. Med. 1958, 51, 461.

4. Van Slyke, D. D., and J. M. Neill. The determina-
tion of gases in blood and other solutions by vac-

uum extraction and manometric measurement. J.
biol. Chem. 1924, 61, 523.

5. Hollander, W., Jr., R. W. Winters, T. F. Williams,
J. Bradley, J. Oliver, and L. G. Welt. Defect in
the renal tubular reabsorption of water associ-
ated with potassium depletion in rats. Amer. J.
Physiol. 1957, 189, 557.

6. Villee, C. A. Biochemical Aspects of the Placenta.
The Placenta and Fetal Membranes. Third Sci-
entific Conference, Association for the Aid of
Crippled Children. Baltimore, Williams and Wil-
kins, 1960.

31


