Heparin Mediates Transmembrane
Potassium Transfer in Hyperkalemic

Dogs (3141)
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Abstract. Unheparinized, ureter-ligated control dogs that are potassium loaded, i.e.,
infused with 2 mEq of KCi/kg until prelethal electrocardiographic changes of hyperka-
lemic cardiotoxicity appear (end point), transfer 57 * 4% (1.7 * 0.1 mEq/kg) of
administered potassium to intracellular fluid. Heparinized controls transfer 73 £ 1% (3.2
%+ 0.2 mEq/kg); with simultaneous a-adrenoreceptor blockade, that proportion increases
to 81 £ 2% (4.80 + 0.7 mEq/kg) and with simultaneous 3-receptor blockade it is 58 *
3% (1.1 = 0.1 mEq/kg). in potassium loaded, ureter-ligated dogs, heparin increases
transmembrane potassium transfer as effectively as does a dosage of atropine large
enough to cross the blood-brain barrier and its influence on potassium transfer, like that
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of atropine, is suppressed by S-adrenoreceptor blockade.

[P.S.E.B.M. 1990, Vol 195]

itous finding that heparin improved potassium

transfer from extracellular fluid (ECF) to intra-
cellular fluid (ICF) in ureter-ligated (UL) dogs; it was
made in the course of a totally unrelated investigation—
potassium transfer in cross-circulated animals loaded
with KClL. In subsequent studies of heparinized UL dogs
continuously infused with 2 mEq of KCl/kg body wt
until prelethal electrocardiographic (ECG) changes of
hyperkalemic cardiotoxicity appeared, we found that
transfer was greater than that of unheparinized controls,
and we discovered that a-adrenoreceptor blockade en-
hanced the improvement and that $-adrenoreceptor
blockade prevented it. Findings will be discussed.

This investigation was prompted by the serendip-

Materials and Methods

Data were gathered from 21 mongrel dogs of either
sex that weighed between 15.9 and 21.8 kg. After an
18-hr fast, they were anesthetized with intravenous
sodium pentobarbital (30 mg/kg), ventilated with a
Harvard respirator, and infused with about 25 ml/hr of
0.15 M NaCl via an intravenous drip. In all 21 dogs,
the abdomen was opened by a midline abdominal
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incision and both ureters were ligated. Twelve dogs
were heparinized by rapid infusion of 60 mg (6 ml-
10,000 units) of commercial heparin; in two instances,
this was followed by an intravenous injection of 30 mg
2 hr later. In four of the heparinized dogs, 3-receptors
were blocked with propranolol 15 min before the start
of KCl administration by immediately following a
priming intravenous injection of 0.3 mg/kg with an
infusion (at 30 ml/hr) of a solution that contained 0.3
mg/kg. In four unheparinized and four heparinized
dogs, wa-adrenoreceptors were blocked in exactly the
same way, by substituting 2.5 mg of phentolamine for
the 0.3 mg/kg propranolol. Animals were potassium
loaded by the 0.15 M NaCl drip being replaced with a
Harvard peristaltic pump that delivered 30 ml/hr and
a KCI solution; the concentration of the solution was
such that each animal received 2 mEq/kg/hr. Protocols
are given in the first column of Table L.

During potassium loading, lead II of an ECG (Hew-
lett-Packard Co., Palo Alto, CA) was monitored fre-
quently; infusion was continued to the end point, i.e.,
until prelethal ECG changes of hyperkalemic cardi-
otoxicity appeared—ventricular bradycardia of <5
beats in 15 sec, ventricular flutter (no isoelectric phase),
or a bizarre QRS pattern (W or sine wave shaped) (1).
At the end point, KCl infusion was discontinued im-
mediately.

Blood specimens from a femoral vein were ob-
tained at the start of KCl infusion, at 30-min intervals
thereafter, and at the end point, Serum potassium was
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Table I. UL Dogs Infused to End Point with 2 mEq of KCI/kg Body Weight

Potassium

Group Potassium AK® trans® P Ins®
o . )
(no. of dogs) (mEqg/kg) (mEq/kg) (MEg/kg) (%) (microunits/ml}
1: Control, unheparinized (5) 3.0+ 0.3° 1.3+x03 1.7 £ 0.1 57 £ 4 44 + 6
2: Control, heparinized (4) 43+0.2 12+03 32+02 73 £ 1 319
P <0.05 NS’ <0.001 <0.05 NS
3: Heparinized, phentolamine (4) 5907 1.1 +£0A1 48+ 0.7 81+2 33+8
P versus Group 2 NS NS <0.05 <0.05 NS
4: Heparinized, propranolol (4) 1.9+01 09+01 1.1+0.1 58+ 3 9+9
P versus Group 1 <0.05 NS <0.05 NS <0.01
5: Unheparinized, phentolamine (4) 35107 1.4+£0A1 21+01 59 +1 48 £ 4
P versus Group | NS NS NS NS NS

¢ (End point — preinfusion mEg/liter serum) x 0.23.
® Potassium in —AK.

Potassi 1
, Potassium trans 100,

Potassium in
4 Maximum — preinfusion serum iRI.
°Mean + SE.
P> 0.5 by Student’s t test.

determined by an Instrumentation Laboratory Flame
Photometer (Lexington, MA) with a lithium internal
standard, hematocrit was determined by the routine
laboratory method, and serum-immunoreactive insulin
(IRI) was determined by radioimmunoassay (2). Arte-
rial blood pH was not measured since it has proved
noncontributory in potassium-loaded dogs (3).

On average, an increase of serum potassium by 1
mEq/liter is equivalent to the addition (potassium in-
crement) of 0.23 mEq of potassium/kg body wt (0.2
mEq of potassium/kg to 200 ml/kg of ECF (4) and 0.03
mEq of potassium/kg to 30 ml/kg of red blood cells
[RBC] (5). When KCI infusion is halted, the total
potassium increment to ECF and RBC is 0.23 times
AK (end point minus preinfusion mEq/liter of serum
potassium). Potassium transferred to ICF is equal to
KCl infused minus total potassium increment. In dog
RBC, sodium not potassium, is the main intracellular
ion; the potassium concentrations of RBC hemolysates
and ECF are similar (6). The amount of KCl that can
be infused before prelethal ECG changes appear is
dependent on AK and the quantity of potassium trans-
ferred to ICF. The percentage of infused potassium
transferred to ICF not only measures the quantity of
potassium transferred to ICF but also permits the com-
parison of transfer capacities. All values are reported as
mean *+ SE. Data were analyzed by the two-tailed
unpaired Student ¢ test, and the null hypothesis was
rejected at the 0.05 level.

Results

Mean preinfusion serum potassium was 4.0 £ 0.3
mkEq/liter and that of serum IRI was 10 = 3 microunits/
ml. During the course of infusion, average serum po-
tassium concentration rose to 9.1 + 0.3 mEq/liter and
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in all but one instance (Group 4) serum IRI also in-
creased; the hormone level was usually maximal at the
end point. Since the greatest volume of solution admin-
istered was less than 5 ml/kg (<1% total body water)
and the maximum hematocrit change was +5 vol % (in
a single unheparinized control), it was held that there
were no unusual changes in ECF and ICF volumes.

Group 1 consisted of control, unheparinized dogs
(Table I). Mean potassium transfer measured less than
60% of that infused, and the average increase of serum
IRI concentration was approximately 45 micro-
units/ml.

Group 2 was control, heparinized dogs (Table I).
The proportion of the potassium load and the actual
quantity of potassium transferred to ICF were greater
than that of unheparinized controls; the increase of
serum IRI concentration was not significantly different
from that in the dogs of Group 1.

Group 3 consisted of dogs treated with heparin and
phentolamine (Table I). The proportion of the potas-
sium load and the actual quantity of potassium trans-
ferred to ICF were greater than that of heparinized
controls; the increase of serum IRI was statistically
similar to that in Groups 1 and 2.

Group 4 was one of dogs treated with heparin and
propranolol (Table I). Potassium transfer was like that
of unheparinized controls; serum IRI concentration was
similar to that of potassium-loaded dogs with 8-receptor
blockade (3).

Group 5 consisted of unheparinized dogs treated
with phentolamine (Table I). Potassium transfer and
the increase of serum IRI concentration were both
within the range of that in unheparinized controls.

Discussion
Heparin improves potassium transfer in control
potassium-loaded UL dogs; a-adrenoreceptor blockade



increases the improvement and gS-adrenoreceptor
blockade prevents it (Table I). In unheparinized ani-
mals, a-receptor blockade does not influence potassium
transfer (Table I) and B-receptor blockade reduces it
3).

In control, unheparinized potassium-loaded UL
dogs, when serum potassium reaches about 7.2 mEq/
liter, potassium transfer capacity changes. Below that
level, potassium transfer and the straight line that marks
the increase of serum potassium concentration are like
those in control preparations with intact renal function.
Above that level, in those with UL, there is a reduction
of potassium transfer; the line that marks the increase
of serum potassium skews upward, and prelethal ECG
changes of hyperkalemic cardiotoxicity quickly appear.
Thus, although end point serum potassium concentra-
tion is alike in both controls (9-10 mEq/liter), overall
potassium transfer in the UL potassium-loaded dogs is
significantly less (7). In heparinized potassium-loaded
UL controls, when serum potassium reaches about 7.2
mEq/liter, there is no reduction of potassium transfer
capacity; the linear increase of serum potassium con-
centration continues unchanged to the same end point
as before, and overall potassium transfer increases, i.e.,
becomes similar to that of controls with intact renal
function (8) (Table I).

In potassium-loaded UL dogs, afferent impulses in
the cervical vagi and certain muscarinic receptors in
the brain are part of a renal-adrenal reflex that modu-
lates neural traffic to the adrenal medulla. Treatment
with atropine, in dosages large enough to cross the
blood-brain barrier (and thus influence central modu-
lation of potassium transfer), eliminates the fall of
potassium transfer at 7.2 mEq/liter (9). Heparin pene-
trates the tight endothelial junctions and crosses the
blood-brain barrier in perfused rat brains, but there is
no evidence of entry into brain tissue (10). Heparin,
like atropine, eliminates the reduction of potassium
transfer capacity when serum potassium reaches about
7.2 mEq/liter and, in both, that effect is abolished by
B-receptor blockade (9) (Table I). Neither heparin nor
adequate dosages of atropine influence potassium-
loaded dogs with nephrectomy or intact renal function
(personal observation).

Commercial heparin, a mixture of anionic, poly-
electrolyte-sulfated polymers of alternating glucoseam-
ide and uronic acid rings, is used almost exclusively as
an anticoagulant (11); however, among its other prop-

erties is the ability to inhibit adrenal aldosterone pro-
duction (12). It is well known that renal activity of
aldosterone influences electrolyte metabolism and that
the mineralocorticoid has extrarenal activity (13). How-
ever, that activity does not include potassium transfer
and it is generally agreed that the hormone acts over a
period of days to weeks (14); none of the experiments
reported lasted over 3 hr.

A human with traumatic shock and anuria at the
time of the trauma is potassium loaded by the release
of potassium-rich ICF from crushed soft tissue. Heparin
has been reported to protect against experimental
trauma (11).
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