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THE CORRELATION OF SODIUM AND POTASSIUM METABOLISM
'"UTH THE LEVEL OF ENERGY CONSUMPTION IN MAN
DURING ADAPTATION TO HEAT

B. G, Afanas'yev and V. A. Zhestovskly
Department of Naval Hygiene of the S. M. Kirov Military
Medicine Academy, Leningrad

Changes in the concentration of sodium and potassium ions in /32% &
the blood resulting from the action of thermal factors orn the body
have lately been the object of much study (Ya. S. Kuno et al.).

One reason for this is that sodium and potassium ions have marked
effects on metabolic processes and thus play an active role in

the body's adaptive responses. In healthy persons kept orn a sodium
chloride-free diet for 10 days, no metabollce changes were found.
However, when this diet was combined with measures producing addi-
tional NaCl losses (diaphoresis and diuresis), a significant fall
of the metabolism was noted.

Ogata found that inhabitants of Northern Manchuria typlcally
consume 40 g NaCl and more per day during the winter months with
no noticeable physliologic disturbances. Ogata and hls coworkers
conducted experiments to determine the effects of increased NaCl
consumption durling a severe winter perlod. According to thelir
findings, the dally consumption of 50-60 g NaCl for several days
led to a gradual rise of the basal metabollsm and an improvement
of appetite and generai well=belng. A slgnificant increase 1n
cold reslistance was also observed. On the other hand, studies by
A. Yu. Yunusov on foundry workers in Tashkent who lived and worked
under conditions of a high air temperature indlicate a maximum safe
dose of 16 g NaCl per day. Consolazlo reports that a salt con=-
sumption of more than 15 g per day impedes acecllimntization to high

# Numbers in the margin indicate pagination in the foreign text.
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temperatures (Du Bols; Yenane). All these studies point to a
direct connection between basal metabolism and the consumption of
NaCl, although no data are given on the pathways of sodium trans-
port in the body, and potassium metabolism is ignored.

A number of authors (G. A. Lushnikova; A. Yu. Yunusov et al.;
Frada and Mentascrna; Mitkova and Raitcheva; Michelet et al.) who
studled the changes in the sodium and potassium concentrations In
the blood and urine during exposure to high temperatures have
published highly contradictory results with no data on correlations

with changes in basal metabolism. Thus, Frada and Mentasana found
a fall of the sodium level and rise of the potassium level in
human blood plasma during a rise in temperature. By contrast, 4.
A. Lushnikova found a rise of sodium and fall of potassium in the
blood plasma of dogs subjected to an amblent temperature of 43°
for 4 hours. At the same time, the studlies of A. Yu. Yunosov et
al. on foundry workers exposed occupationally to 32-38° showed no

PPl i o ——

alterations in whole blood samples. Mitkova and Raltcheva examined
blacksmiths who had worked at 30-40° and found an increase in the
urinary excretion of sodium and potassium. Michelet, who examined
4 Europeans who spent 8 months in the Sahara, found a sharp
decrease in the sodium content of the urine during the hottest
period.

In our study, 8 subjects were placed inteo a thermal chamber
where they were subjected to a temperature of 34=35° and humidity
of 80f continuously over a t-day period. We found that the sodlum
content of the blood plasma increased regardless of its intake
with food, while the potassium level was Initially a direct
function of the content of this electrolyte in the food, but
declined by the end of the experiment. The changes found in the
potassium and sodium lovels in the erythrocytes, which are a good
model for studying both the intracellular electrolyte metabollism 13

(Hrnciar et al,) and adaptution procezses (T. Kemen' and M. Antal),
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suggested a correlation between sodium and potassium metabolism

in the erythrocytes and the level of energy consumption during the
process of thermal adaptation. To fully establish the existence
of such a correlation, however, it was necessary to obtain a more
complete plcture of sodium and potassium metabolism, taking into
account the intake of the electrolytes into the body and thelir
excretion in the sweat and urine.

For this purpose we turther processed and refined the exper-
imental data and obtalned additional materials pertalining to a
control group and concerning the excretion of sodium and potassium
with the uweatl which enabled us to analyze the sodium and
potassium balance in the organism. The experiment involved 11
men ranging in age from 20 to 24, 8 of whom (groups 1 and 2) were
seated in a thermal chamber for a period of 6 days at 34-35° and
80% relative humidity. The men in the control zroup (group 3)
were seated outside the chamber under comfortable microclimatic
conditions (18-21° and 40-60% relative humidity). All groups were
considered to be in a state of "physical rest."

Group 1 (6 subjects) received a subcaloric food ration (1840
kcal/day) deficlient in sodium and potasslium (0.5 and 1 g,
respectively). Group 2 (2 subjects) received a high=-caloric
ration (v 4000 kecal/day) with a normal content of sodium and
potassium (5-7 and 3=5 g, respectively). Group 3 (3 subjlects)
were fed a subcaloric diet deflcient in sodium and potassium,
like group 1.

Each morning before the subjects were fed, blood samples were
taken from the finger of each subject with a Francke spring lancet,
and a 24-hour urine was collected each day. In addition, Dr. K.

1. Data on the excretion of sodium and potassium with the sweat
were furnished us by Dr. K. K. Sil'chenko, to whom we express
our sincere thanks.
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K. Sil'chenko collected sweat samples by the method of Kuno:
polyethylene bags were attached hermetically to the subject's arm
after the latter had been washed clean with distilled water. The
quantity of sweat secreted per 24 hours was calculated on the basis
of welght loss and the quantity of water ingested. The sodium and
potassium content of the plasma, erythrocytes, urine and sweat

was determined by flame photometry. Finally, senior scientific
coworker Z. K. Sulimo-Samullo performed gaseous exchange measure-
ments by the Douglas-Holden method.2

The data obtained in the experiment are given in Fig. 1 and 2.

Fig. 1. Change in the sodium and potassium concentrations
in the plasma and erythrocytes during adaptation to a high
ambient temperature (in mEq/R).

Key next page.

2. Energy consumption values based on gas exchange data were
calculated by us.
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Key to Fig. 1:
1 = §roup 1 (subecaloric dlet); II - group 2 (high-caloric
diet); A,B - plasma; C,D - erythrocytes; Na - sodium; K =
potassium; a - thermal chamber; b - after; ¢ - baseline;
d - days. Note: Commas in numerical data are equivalent
to decimals. l
11 Analysis of the data pre- |
. A b . B b sented in Filg. 1 and 2 shows that {
1

potassium concentrations in the
blood plasma and erythrocytes of
the subjects 1in group 3 (control)
differ from the indices found lor
groups 1 and 2. For example,

the increase in the sodium content

Fig. 2. Change in the sodium of the blood plasma was Iinsig-
and potassium concentration in
the plasma and erythrocytes 1in
the control group (in mEgq/L). sodium of subjects in the thermal

IIT - group 3; A - plasma; B = chamber (total increase of 2 mEq/R
erythrocytes; Na - sodium; K -
potassium; a - thermal chamber;
b - after; ¢ - baseline; d - 20 mEq/% in groups 1 and 2 by the
days.

nificant compared with the plasma

in group 3 vs. average 1ncrease of

end of the experiment). The con-
trol group differed from group 1 and, in part, group 2 in that 1its
plasma potassium level was elevated early on in the experiment.
The change in the erythrocyte sodium level of group 3 was simllar
in tendency to the erythrocyte sodium changes recorded in the
heat-exposed groups. However, the Initial erythrocyte sodlum
level in group 3 was significantly higher than that of the first
two groups (42.2 +1.9 mEq/R in group 3, 27.0 ¢ 1.76 mEq/ 1in

group 2). As the experiment progressed, the erythrocyte sodlium
level in group 3 became approximately equal to the intial data in
groups 1 and 2 on the 2nd, 3rd, 4th and 6th days. The erythrocyte
potassium level of group 3 was elevated early on in the experiment.
This was observed only in the first half of the experiment,
however. By the 6th day the potassium concentration had fallen to

/34
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its Initlial value. In the heat-exposed subjects, on the other
hand, the greatest lancrease in the erythrocyte potassium content
was observed during the second half of the experiment. %

It can thus be assumed that the change in the sodium and 35 |
porassium content of the plasma and erythrccytes in groups 1 and :
2 was caused chiefly by the actlon of a high ambient temperature.

On investigating the levels of energy consumption during the
process of thermal adaptation in groups ) and 2, we observed
fairly significant differences (Fig. 3).

—

As Fig. 3 shows, two phases
are evident in the energy con=
sumption level recorded for
group 1. During the first 3
days of the experiment the
energy consumption level rose
from 2041 * 15.5 to 2668 & 302--
3051 + 218 keal/day. It approached
the initial level only on the

4th day (2096 + 136.5 kecal/day).
Fig. 3. Change in energy con=-

sumption on a sub- and high=- On the Sth and 6th days the
caloric diet during cdaptation energy consumption level was
to a high ambient tenperature below the initial value (1909 ¢

(in kecal/day).
o | 3 o] £

IT - group 2 (high-calorie diet); The energy consumption levels in
a - kcal/day; b - thermal

chamber; ¢ - after; d - baseline;
e = days. t6=day perlod. The average con-

groups 2 were high throughout the

sumption for the first 5 days
was 3000 keal/day, reaching 460 ¢ 170 keal/day on the 2nd day. It
was somewhat lower on day 6, when it approached the initial level
(2415 * 50 kcal/day compared with 2162 ¢+ 17.5 kcal/day).

bR S R e T



ORIGINAL PAGE IS
OF POOR QUALITY

Corresponding to these differences in energy consumption
levels in groups 1 and 2 are differences in the rise of rectal
temperature, which is a highly accurate index of themal stress (G.
Kh. Shakhtazyan). In the subjects of group 1, the rectal tempera-
ture was 37.1 to 37.2°, with variations of $0.1°, throughout the
course of the experiment. The rise of rectal temperature to
37.3=37.5 ¢ 0.2° in the subjects of group 2 indicates that a high-
caloric diet heightens the effects of thermal stress. The degree
of sweat secretion, which also serves as a criterion of thermal
stress (G. Kh, Shakhbazyan), confirms the adverse effect of a high=-
caloric diet on the thermoregulatory system. Thus, the average
daily sweat secretion was equal to 1.8-2.1% in group 1, and 3.1-
3.72 in group 2. Some limitation of water consumption in group 1
may have played a certain role in this phenomenon.

A close correlation 1s observed between changes in energy con-
sumption and the sodium and potassium metabolism. For example, we
see in Fig. 1 and 3 that as the erythrocyte sodium in group 1 fell
on days 5 and 6 from 29.1 2.12 to 23.5 ¢ 1,34--23.3 + 0.8 mEq/%,
the energy consumption also fell below the initial level. 1In group
2, the erythrocyte sodium content was below the initial value only
on day 6 (24,8 *+ 1.3 mEq/L). On the same day, the energy consumption
also declined and approached the initial level. The sodium content
of the erythrocytes, meanwhile, attained a maximum in both groups.

H+

The intracellular redistribution of sodium and potassium (see
Fig. 1) that accompanied the decrease in energy consumption (see
Fig. 3) 1s in direct relation to the excretion of both electrolytes
from the body (Fig. 4).

We see in Fig. 4 that the excretion of sodium in the sweat
and urine at a high ambient temperature considerably exceeds the
loss of putassium. Analysis of the relatlionship between the 1ntake
and excretion of each electrolyte is of particular interest. Thus,




if the subjects in group 1

r A
A received 0.5 g sodium/day with
i thelr food, the average dally
excretion of this substance was
1 £ , . approximately 7 g. The sodium
[I l‘ _ losses over the b-day period
J[... l] ll g AN amounted to mor: than 40 g at a
i i . total intake o" only 3 g with the
food. In the aihjects of group 3,
lr‘w who were not subjected to high
IFI 1-**"' temperatures and were fed a sub-
& caloric dlet, 2.8 g sodlum were
() ¢ » excreted on the lst day. On
subsequent days the intake of this
Fig. 4. Relative indices of electrolyte was equal to its excre-
dally sodium and potassium
excretion (in g) in the 3 tion. A total of 3 g sodium was
groups for glven Na and K ingested with the food during the
intakes [the Intake of Na
and K with the food 1s des- t=-day period, and 5 g was excreted,
ignated by a negative number which 1s 8 times less than in
(=0.5 and -0.6-1.0 and =4.0)
at the bottom of the dia- group 1. The sodium losses in
grams and is subtracted from groop 2, which recelved a normal

the daily indiceg of their , :
pxcpetioﬁ]. ; qua.'tity of sodium (5-7 g/day;,

Key: A = sodium; B - potas- were twice as great as in group 1,

- ' L -

sium; I=II = group 1; 1II=-IV and amounted on the average to 14
- group 23 V=VI = group 3.
1l - positive balance; 2 =
negative balance; a - days. the 6-day period. It should be

g per day, or more than 80 g over

noted that sodium excretlon in /36
the sweat and urine was nonuniform in groups 1 and 2; by the 6th
day it had declined by a factor of 2 to 3 in comparison with the
lst day. These data indicate a direct correlation between intra-
cellular sodium and the intensity of metabolic processes, since the
removal of 40 g sodium (= one-third of 1ts reserves in the body)
is accompanied by a decline in the level of energy consumption.

s 7
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A quite different plcture was observed with regard to the
potassium balance. For example, while the losses of this electro-
lyte in group 1 amounted to about 2.5 g on day 1 and 1.5 g on day
2 (at an intake of 1 g/day), its intake exceeded its excretion from
the 3rd day on (= negative balance)., In group ¢, the excretion of
potassium was 1.5 times greater than its intake for the first 3
days, but fell below its intake from the 4th day on. In other
words, a negative potassium balance was also observed in this
group. The negative potassium balance accompanied by an increased
erythrocyte potassium level in the subjects of group 2 and the fall
of metabolsim are indicative not only of the interrelationship of
these processes, but also of the subjects' demand for potassium
ions. The potassium deficleacy that arose in group 5 on the 2nd
day of the experiment together with its increased concentration
in the erythrocytes (see Fig. 2) suggests & certain decrease of
the metabolic process associated with a subcaloris diet under
conditions of physical rest,

Evidently the changes in sodium and potassium metabolism that
occur during thermal adaptation are a direct correlate of the energy
metabolism and are direcced toward reducing the intensity of metabolice
processes, i.e. can be regarded as adaptive phenomena.

Conclusions

1. Continuous exposure to a high ambient temperature leads
initially to a significant rise in the level of energy consumption,
apparently associated with the expendit.re of surplus energy
reserves,

2. The process of thermal adaptation 1s accompanied by a
decline of the energy consumption level together with the transfer
of potassium ilons into the erythrocytes and the efflux of sodium
ions from them, one-third (40 g) of which are excreted from the
body in the sweat and urine.
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3. The variation of the sodium and potassium concentrations in ¥
the erythrocytes may serve as an index of the state of adaptive L
processes under conditions of a high ambient temperature. -

10
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