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=Abstract  =The relationship between the plasma potassium concentration and 
blood pH was evaluated in acidosis-induced hyperkalemia and hyperkalemia- 
induced acidosis in rabbits. In the first group of animals, metabolic acidosis was 
induced by an intravenous infusion of 0.1 N hydrochloric acid, and in the second 
group, hyperkalemia was induced by an intravenous infusion of 20 mM potassium 
chloride solution. The third group of animals was infused with both hydrochloric 
acid and potassium chloride. All three groups showed metabolic acidosis, hyper- 
kalemia, and compensatory respiratory alkalosis. The degree of alkalosis was 
most extensive in HCI infused, and least in KC1 infused animals. The simultane- 
ous infusion of HCI and KC1 induced the most extensive change in the acid-base 
status, and the hydrogen and potassium ion concentrations. However the quanti- 
tative relationship between potassium and hydrogen ion concentrations was simi- 
lar in all three groups. It is, therefore, presumed that acidosis-induced hyper- 
kalemia and hyperkalemia-induced acidosis involve a common mechanism. 
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ic acid-induced acidosis than with HCI-induced 
acidosis(Burnel l  et a1 1956; Tobin. 1958; 
Simmons and Avedon 1959; Adrogue and 
Madias 1981 ; Adrogue et a/. 1985). 

On the contrary, hyperkalemia can induce 
metabolic acidosis. The potassium homeostasis 
is easily impaired by disease states as well as by 
pharmacologic agents. Hyperkalemia is fre- 
quently associated with renal insufficiency, dia- 
betes mellitus, and diseases with metabolic aci- 
dosis(Rimmer et a/ .  1987). Potassium chloride, 
nonsteroidal anti-inflammatory drugs, captopril, 
digoxin, heparin sodium, Pblockers and potassi- 
um-sparing diuretics can also elevate serum 
potassium concentration, and consequently 
induce mild metabolic acidosis(Ponce et a / .  
1985; Rimmer et al. 1987). 

A number of studies have described a 
quantitative relationship between the plasma 

potassium concentration and the blood pH 
change in acidosis- induced hyperkalemia 
(Burnell et a/ .  1956; Schwartz et al.  1965; 
Adrogue and Madias 1981). However, no quanti- 
tative comparison of the plasma potassium con- 
centration and the blood pH between acidosis- 
induced hyperkalemia and hyperkalemia- 
induced acidosis has been made. 

In the present study, we attempted to com- 
pare the changes in plasma potassium concen- 
tration and blood pH between animals with HCI 
infusion(acidosis-induced hyperkalemia), KC1 
infusion(hyperka1emia-induced acidosis) and the 
simultaneous infusion of HCI and KCI. 

MATERIALS AND METHODS 

Rabbits of either sex (2.1 - 2.6 kg) were 
used. Each animal was anesthetized with pento- 
barbital sodium(30 mglkg,  i .v.) .  An arterial 
catheter was inserted into the right common 
carotid artery toward the heart, which was used 
for monitoring the blood pressure with a pressure 
transducer and for sampling of the arterial blood. 
A venous catheter was inserted into the jugular 
vein and was used for infusion of the test solu- 
tion. 

Animals were divided into three groups. The 
first group was infused with the normal saline 
containing 0.1 N HCI, the second group was 
infused with the normal saline conta~ning 20 mM 
KCI, and the third group was infused with the 
normal saline containing both the HCI and KCI. 
The rate of infusion was adjusted according to 
the changes in blood pressure and pH. 

The arterial blood was sampled at thirty 
minute intervals using a heparinized syringe. The 
pH and pC02 were measured at 37" C with an IL 
pH/pC02 meter and the concentration of HC03- 
was calculated by the Henderson-Hasselbalch 
equation(the solubility coefficient of C 0 2  was 
assumed to be 0.0301). The concentration of K' 
was measured by a flame photometer. 

RESULTS 

The changes in acid-base status are drawn 
in the pH-[HC03-] diagram as depicted in Figures 

1 (group I , infused with 0.1 N HCI), 2 (group I I , 
infused with 20 mM KCI), and 3(group Ill, infused 
with 0.1 N HCI and 20 mM KCI). Data points from 
the same rabbit are interconnected. 

When animals were infused with HCl(group 
I, Fig. I), their acid-base status moved to the left 
and in a downward direction in the pH-[HC03-] 
diagram, revealing a metabolic acidosis and a 
compensatory respiratory alkalosis. 

Likewise, when animals were infused with 
KCl(group II, Fig. 2),  their acid-base status 
moved to the left and in a downward direction, 
but in this case, the degree of the compensatory 
respiratory alkalosis was less than with the HCI 
infusion (group I). 

When animals were infused with both HCI 
and KCl(group Ill, Fig. 3), the acid-base status 
changed similarly, but much more extensively 
than those with HCI or KC1 alone. The degree of 
compensatory respiratory alkalosis was less than 
that with HCI, but was greater than that with KCI. 

Figures 4(group I ) ,  !$group II), 6(group Ill) 
illustrate time courses of plasma H+ and K+ con- 
centration changes. The absolute values are list- 
ed in Table 1, 2, and 3, respectively. 
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Fig. 1. Changes in blood acid-base status during Fig. 3. Changes in blood acid-base status during 
intravenous infusion of 0.1 N hydrochloric acid in intravenous infusion of 0.1 N hydrochloric acid 
rabbits. Data from the same rabbit are intercon- and 20mM potassium chloride in rabbits. Data 
nected. from the same rabbit are interconnected. 

Pco, 
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Fig. 4. Time courses of plasma hydrogen ion and 
potassium ion concentrations during intravenous 
infusion of 0.1 N hydrochloric acid. Interval 

Fig. 2. Changes in blood acid-base status during between each sample is 30min. 
intravenous infusion of 20mM potassium chlo- 
ride in rabbits. Data from the same rabbit are 
interconnected. 



Tlmr , 30 min 

Fig. 5. Time courses of plasma potassium ion and 
hydrogen ion concentrations during intravenous 
infusion of 20mM potassium chloride, Interval 
between each sample is 30min. 

In group I (Fig. 4 and Table I ) ,  the H+ con- 
centration increased from 35 to 66 nM. The con- 
current increase in K+ concentration was 
observed from 2.8 to 3.5 mM. Thus, the relative 
change was much greater in the H+ concentra- 
tion than in the K+ concentration. 

In group II (Fig. 5 and Table 2), the concen- 
tration of K+ increased from 2.6 to 4.0 mM. The 
consequent increase in H+ concentration was 
from 34 to 60 nM. Thus, the relative increase was 
similar between the two cases. 

In group Ill (Fig. 6 and Table 3), the H+ con- 
centration increased from 32 to 151 nM, and the 
K+ concentration increased from 2.4  to 6 .2  
mM/L. Among three cases, the magnitude of 
change in this case was much greater than 
those in other groups. 

But there were no differences in the quanti- 
tative relationship of K+ and H+ in all three 
groups. 

DISCUSS l ON 

The distribution of K+ between intracellular 
and extracellular fluids is affected by the extra- 
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Fig. 6. Time courses of plasma potassium ion and 
hydrogen ion concentrations during 0.1N 
hydrochloric acid and 20 mM potassium chlo- 
ride simultaneously. Interval between each sam- 
ple is 30min. 

cellular pH. Change in blood pH is minimized by 
cellular uptake and loss of H'(Scribner et a/ .  
1955; Scribner and Burnell 1956; Schloerb et a/. 
1967). This movement of H' is accompanied by 
a reciprocal movement of K'. Consequently, aci- 
dosis causes plasma K' to rise while alkalosis 
causes it to fall. 

There have been many arguments regarding 
the mechanism of this phenomenon(Simmons 
and Avedon 1959; Brown and Goott 1963; 
Magner et a/  1988). It is, however, generally 
accepted that the hyperkalemic effect of acidosis 
is resulted from two mechanisms: (1)  a shift of K' 
from intracellular to extracellular space as H' ions 
move into cells as a result of the H'-K' exchange 
in the cell membrane throughout the body, and 
(2) an inhibition of K' secretion by the distal 
tubule in the kidney(Burnel1 eta/ .  1956; Simmons 



Table 1. Changes in plasma hydrogen Ion and potasslum ion concentrat~ons dur~ng intravenous infus~on of 0 I N  
hydrochlor~c acid in rabb~ts 

-- -~ - - - 
[Ht1,l 

~ - 

Sarnple number 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 

2 39.8 41.7 45.7 52.5 50.1 51 9 
3 38.0 38.9 39.4 46.8 46 8 47.8 

Rabbit 4 30.9 31.8 
5 28.2 30.9 37.2 37.2 34.7 35.9 44.7 50.1 50.1 51.3 51.3 56.3 66.1 
6 25.1 26.3 29.5 30.2 36.3 36.7 33.9 33.9 36.3 56.2 
7 38.5 38.9 42.7 46.2 49.0 49.5 5 3 7  55.0 51.3 56.2 
M 34.5 34.8 37.6 42.7 43.9 44.1 44.5 45.9 51.3 56.2 66.1 

[K+l,l 
-- p~ -~ - - -  ---  -~ --- - - - - -  -- -- - - - -- - -  ~ 

1 3.0 3.7 
2 2.2 3.5 2.2 2.9 
3 3 3.1 3.2 3 3.0 3.4 

Rabbit 4 
5 2.5 2.6 2.5 2.8 3.5 2.8 3.4 3.1 3.3 3.5 
6 2.5 2..6 2.1 2.3 2.0 2.3 2.3 2.2 2.3 2.3 
7 2.4 2. 7 3.0 3.1 3.1 2.5 3.1 3.1 

I 

M 2.45 2..7 2.75 2.75 2.66 2.63 2.8 2.73 2.73 3.1 3.3 3.5 
-- - .- - -- - -  - -- - -- - -. -- -- 

Blood samples were drawn in thirty-minute intervals. 

and Avedon 1959; Kurtzman et a/. 1990). 
The hypokalemic effect of alkalosis can be 

also explained by the H'-K' exchange in the cell 
membrane and the increased K' secretion in the 
kidney. 

But hyperkalemia is not a necessary con- 
comitant of all types of metabolic acidosis. HCI 
causes marked hyperkalemia, whereas infusion 
of organic acids(such as lactic acid and P- 
hydroxybutyric acid) causes a much smaller rise 
in plasma K'(Burnel1 et a1 1956; Tobin 1958; 
Simmons and Avedon 1959; Magner et al. 1988). 
The difference between HCI and lactic1 P- 
hydroxybutyric acid effects is explained by the 
fact that organic anions readily enter cells, 
whereas C I  is actively extruded. During organic 
acidosis, the H' movements into cells are 
accompanied by lactatelketone anions, preserv- 
ing the intracellular electroneutrality and thus K' 
exit from the cell is not required(Kurtzman et a/.  

1 990). 
Besides the nature of the acid load, other 

factors also influence the degree of hyper- 
kalemia. These include the chronicity of acidosis, 
the change in ECF volume, the associated hor- 
monal changes, and the presence of tissue 
necrosis(Magner et a/. 1988). 

In the present study, there was no difference 
in the quantitative relationship between the plas- 
ma K' and H' concentrations in all three groups. 
We, therefore, assume that the genesis of acido- 
sis-induced hyperkalemia and that of hyper- 
kalemia-induced acidosis involve a common 
mechanism. This assumption, however, is 
applied only to the acute metabolic acidosis 
induced by HCI, since in other types of metabol- 
IC acidosis the quantitative relationship between 
the plasma K' and H' may be different. 

The simultaneous infusions of HCI and KC1 
resulted in a greater change in the plasma K' 



Table 2. Changes in plasma potassium ion and hydrogen ion concentrations during intravenous infusion of 
20mM ~otassium chloride in rabbits 

0 1 2 3 
1 32.4 34.7 39.8 
2 29.5 45.7 

Rabbit 3 37.6 35.1 38.0 39.8 
4 38.0 38.9 38.9 38.9 
5 30.9 31.6 32.7 34.3 
M 34.7 35.1 36.5 

lH+l,l 
- - -- - -- --- --- 

Sample number 
4 5 6 7 8 9 10 11 

38.0 38.9 

[K+l,l 
- - -- - -- ~ - 

1 3.5 10 4.6 3.8 3.9 
2 2.4 2.6 

Rabbit 3 2.6 2.8 2.9 2.8 2.7 2.8 2.8 3.3 3.2 
4 2.0 2.3 2.3 2.4 2.6 2.6 2.7 2.9 2.8 2.9 3.2 3.4 
5 2.6 3.1 2.4 2.7 2.7 2.8 2.8 3.0 3.3 3.8 4.4 4.6 
M 2.4 2.6 2.5 2.6 2.7 2.7 2.8 3.1 3.1 3.4 3.8 4.0 

-- - - -  -- - -- - -- 

Blood samples were drawn in thirty-minute intervals. 

Table 3. Changes in plasma hydrogen ion and potassium ion concentrations during intravenous infusion of 0.1 N 
hydrochloric acid and 20mM potassium chloride in rabbits 

[H+l,l 
-- ~ 

Sample number 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 30.2 34.7 38.9 60.3 77.7 87.1 89.1 123.0 
2 33.1 34.3 37.2 37.6 38.9 43.7 51.3 53.7 44.7 58.9 61.7 69.2 85.1 

Rabbit 3 57.5 83.2 89.1 93.3 93.3 107.2 
4 38.0 31.6 33.1 32.4 36.3 38.5 41.7 43.7 53.7 66.1 89.1 95.5 128.8 151.4 
M 31.7 34.5 38.1 43.4 50.9 56.4 60.7 62.5 73.5 75.4 82.4 107.3 152.4 

[Kt],, 
. - - . - - - - - -- -- - - - - - - - - . -. . -- - - . - -- . - - -- - - - -- - - -- - 

1 2.0 2.2 2.5 3.3 3.9 4.4 5.4 10.0 
2 2.0 3.0 2.3 2.5 2.6 2.8 3.2 3.1 3.4 3.7 4.3 3.9 4.6 

Rabbit 3 3.4 4.1 4.9 6.5 8.0 10.0 
4 2.0 2.1 2.4 2.6 2.7 2.9 3.1 3.2 3.4 4.5 4.6 4.2 5.5 6.2 
M 2.0 2.2 2.4 2.6 2.7 2.9 3.2 3.2 3.4 4.1 4.5 5.1 6.2 

-- - - - - - . -- . . . - - - - - . . - - . . - -- . -- - - -- - 

Blood samples were drawn in thirty-minute intervals. 

and H' concentrations as compared with their low concentrations of extracellular K', but the 
separate infusions. It may be that H' can move movement of H' into cells is interfered with in 
into cells as a result of the H'-K' exchange in high concentrations of extracellular K'. If this 



were the case, then the infused HCI cannot be 
efficiently buffered, and consequently the extra- 
cellular H' level may increase extensively. As a 
result, the concentrations of H' and K' change in 
the broad range when HCI and KC1 are infused 
simultaneously. 
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