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ABSTRACT

To study the age dependent change of Na, K-ATPase in the erythrocyte of hypertensive rat, 1-
kidey 1-clip hypertensive rat was made by the removal of right kidney and partial ligation of left
renal artery. After 4 weeks, aged erythrocyte fraction was separated by density gradient centrifu-
gation, and Na, K-ATPase activity and *H-ouabain binding with ghost cell membrane and ouaba-
in sensitive Rb-uptake with whole cell were measured.

1) In the hypertensive rats, blood pressure was significantly increased to 165.5/119.0 mmHg
(systolic/diastolic). Mean corpuscular volume and membrane protein(mg) per 10°RBC were de-
creased and hemoglobin content was increased in the aged erythrocyte.

2) Na, K-ATPase activity in the solution containing 110mM NaCl and 10mM KCl, was
decreased in hypertensive rat, and decreased in aged erythrocyte of both group.

3) Ouabain sensitive Rb-uptake by low RbCl concentration(4 mM) was slightly decreased in
aged erythrocyte compared to that in young erythrocyte of each group, but slightly increased in
young erythrocyte in hypertensive rat compared to that in normotensive rat.

4) Ouabain sensitive Rb-uptake by high RbCl concentration(16 mM) was decreased about 30 %
to 50 % in aged erythrocyte in both group. And in hypertensive rat, especially in young erythro-
cyte it was significantly decreased compared to that in normotensive rats.

5) *H-ouabain binding at 0.13 or 1| X 107°M ouabain concentration was slightly decreased in
aged erythrocyte of normotensive rat, and significantly decreased in aged erythrocyte of
hypertensive rats.

6) *H-ouabain binding at 6 or 64 X 10~°M ouabain concentration is slightly decreased in aged
erythrocyte of both group, but significantly decreased in young and aged erythrocyte of
hypertensive rats compared to that of normotensive rats.

The present results suggest that @ in the young erythrocyte of hypertensive rat, the alterations
of Na-pump activity that slightly increased in weak stimulation and inhibited in strong stimula-
tion, may be related to increased molecular activity and the decrease in the number of low affini-
ty site without change in high affinity site, @ in the aged erythrocyte of normotensive rat, inhibit-
ed Na-pump may be related to the change in molecular activity of pump. @ And in the aged
erythrocyte of hypertensive rat, it may be related to the decrease in the number of high and low
affinity site as well as the change in molecular activity
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of body salt and the developmental process or

INTRODUCTION physiological, biochemical change of hyperten-

sion, since McQuarrie(1936) have reported the

There are hundreds of researches that exam- blood pressure can be rised through ingested
ined the relationship between the accumulation excessive salt. Some researches related to Na-



metabolism in the body were carried out in not
only human being but also Dahl-salt hyperten-
sive rat or spontaneously hypertensive rat
(Canguli et al., 1979; Takeshita et al., 1978; To-
bian et al., 1979; De Mendonca et al., 1980)

With the reduction of renal blood flow from
one side of renal artery, it is possible that blood
pressure is increased by renin release(2-kidney,
1-clip hypertension). But when the one side kid-
ney is removed and remnant kidney is in ische-
mic state, at first, the blood pressure is in-
creased because of releasing renin but soon, the
renin activity in blood may be restored, extra-
cellular or blood volume can be increased and
hypertensive state is kept on(l-kidney, l-clip
hypertension). Futhermore extracellular vol-
ume may recover to normal, but there can be
increased resistance of peripheral blood vessel
and exitability of sympathetic nerve when 1-
kidney, 1-clip hypertension lasts for a long time
(Dargie et al., 1976; Dargie et al., 1977; Tanaka et
al., 1977; Guyton, 1986).

deWardener and MacGregor(1980), and Gruber
et al.(1980) have reported that Na-transport in-
hibitor in blood is increased when the salt in
the body(that is Na) is accumulated, and it
binds with digoxin antibody. Poston et a/.(1981)
and Pamnani et a/.(1980) have also reported
that this substance inhibits the activity of Na,
K-ATPase in hypertensive animal and hyper-
tensive patient. By inhibition of Na, K-ATPase
and increased intracellular Na-content, there
can be caused the increase of blood vessel con-
tractility and the increase of sympathetic nerve
exitibility as it increases intracellular Ca con-
tent through Na-Ca exchange mechanism.

Katano et al(1985) have reported that num-
bers of high affinity site and Na, K-ATPase
activity in cardiac muscle of aged rat is de-
creased, but Na leak influx is increased in this
tissue and rubidium-uptake can be increased
through Na-pump. Katano et a/.(1984) and Ken-
nedy and Seifen(1988) have reported thet Na-
pump in aged rat cardiac muscle is decreased
in reserve capacity or maximum stimulation ca-
pacity by electrical stimulation.

Also it has been reported that cell membrane
properties or enzyme function in erythrocyte
can be changed by the aging(Blostein et al., 1990;
Turner et al., 1974).

Although there are lots of reports on the

change of Na K-ATPase activity in the erythro-
cyte membrane of hypertensive animal or
hypertensive patient, but nothing on the change
of membrane properties or Na, K-ATPase ac-
tivity by aging of erythrocyte. So the authors
made artificially 1-kidney, l-clip hypertensive
rat and made an experiment to examine any
change of Na-pump in erythrocyte by aging and
hypertension outburst.

MATERIALS AND METHODS

Experimental animals

Male 6-week-old Sprague-Dawley rats weigh-
ing 120 to 150g were used in this study. Hy-
pertension was produced in the experimental
group by partial ligation(e.d. 0.38 mm) of left
renal artery and removal of the right kidney(1-
kidney, 1-clip hypertensive rat). Only the right
kidney was removed in the control group. All
rats were maintained for 4 weeks on normal rat
chow. Blood pressure was recorded in physio-
graph(Narco-Biosystem, MK III) via a polyeth-
ylene cannular which was inserted into carotid
artery under light ether anesthesia.

Age related fractionation of erythrocyte

Heparinized fresh blood was obtained from
carotid artery, and the leukocyte and platelet
were removed as described by Beutler ef al.
(1976). Whole blood was passed through an a-
cellulose: microgranular cellulose(l:1, w/w)
column in normal salline solution. Column was
made in 5 ml plastic syringes with an inner di-
ameter of 1.26 c¢m. Packed erythrocytes were
subjected to a density gradient centrifugation
separation employing percoll/hypaque: 1 ml of
leukocyte-free packed red cells were mixed
with 10 ml of total solution containg 35%
percoll, 22.8% hypaque meglumine, and then
centrifuged at 32,000Xg for 40 min at 4°C
(Vettore et al., 1980). The cells(young in the top
layer, older in the bottom layer) were separated
into three fractions according to density(Fig.1).
The cell count, hemoglobin content and mean
corpuscular volume were determined by the
Coulter Counter(Coulter. STKR).

Preparation of erythrocyte ghost membrane

Ghost cell membrane was prepared from
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Fig. 1. Fractionations of erythrocyte separated by
percoll density gradient centrifugation with
10 ml of the cell suspension. Details are in
methods.

packed red cell of each cell layer as previously
described by the method of Rosenberg and
Guidotti(1968). Each of the washed cell fraction
was suspended in a 30-fold volume of destilled
water and allowed to stand for 30 min, and then
centrifuged at 13000X g for 30 min in a Sorvall
RC-5B centrifuge. The pellet was resuspended
and washed three times with 15 mM Tris buffer
(pH 7.4). The entire procedure was performed
at 4°C and protein concentration was deter-
mined by the method of Bradford(1976) with
bovine serum albumin as a standard.

Na, K-ATPase activity

Na, K-ATPase activity was determined by
continuously monitoring the oxidation of red
uced nicotinamide adenine dinucleotide{NADH)
by a UV/Vis spectrophotometer(Beckman D-65)
equipped with a constsnt temperature water
bath at a wavelength of 340 nm(linked-enzyme
spectrophotometric assay, Schwartz et al., 1969).

In the presence of pyruvate kinase(PK)/lac-
tate dehydrogenase(LDH), phosphoenolpyru-
vate(PEP) and NADH, as PEP is transformed
into pyruvate or lactate. The oxidation of
NADH is directly proportional to the ADP
hydrolyzed from ATP by ATPase of ghost cell
membrane. The compositions of reaction medi-

um were 110 mM NaCl, 10 mM KCl, 5 mM
MgCl, 5 mM Na-ATP(vanadium free, Boer-
inger), 0.08 mM NADH, | mM PEP, 14 units PK
/20 units LDH(suspension supplied by Sigma
Cemical Co.) and 25 mM L-histidine base(pH
7.4). After preincubation of the reaction medi-
um for 10 min at 37°C, protein of ghost cell
membrane(20 ¢) was added to a final volume of
0.5 ml. In the absence of ouabain, the decrease
in absorbance for 10 min at 340 nm is a measure
of total ATPase activity. Na K-ATPase activity
was determined by measuring the difference be-
tween the total ATPase activity and the ouaba-
in insensitive ATPase activity remained in the
presence of ocuabain(l mM).

Rubidium-uptake

Sodium pump activity was estimated from
ouabain sensitive Rb-uptake as described previ-
ously by Bernstein et al.(1970) with some modi-
fication. Each erythrocyte fraction obtained
accoriding to density gradient was washed three
times with phosphate buffer(155 mM NaCl, 5,5
mM glucose, 6.5 mM Na,HPO.,/NaH,PO, pH
7.4). Packed red cells were preincubated in
phosphate buffer(1 ml) for 10 min at 37°C in a
water bath and Rb-uptake was started by the
addition of RbCl(4, 8 or 16 mM).

After 60 minnutes, the reaction mixture was
transferred to conical tube containing 1 ml of
dibutyryl phthalate and spun at 3000Xg for 5
minutes. The supernatent was removed and the
erythrocytes were then hemolyzed by the addi-
tion of destilled water. The aliquot of hemoly-
sate was deproteinized by 5% trichloroacetic
acid and uptaked rubidium concentration was
measured in flameless atomic absorption spec-
trophotometer(Varian, GTA-96). All determina-
tions were carried out in duplicate. Quabain-
sensitive Rb-uptake(specific) was the difference
in values observed in the absence and presence
of 1.6X107*M ouabain.

SH-ouabain binding experiment

3H-ouabain binding was induced in the solu-
tion contained 110 mM NaCl, 10 mM KCl, 5
mM MgCl;, 5 mM Na,ATP, 25 mM L-Histidine,
pH 7.4 and 1| mM phosphoenolpyruvate. Ater
incubation of each erythrocyte membrane pro-
tein(34 xg) for 90 min at 37°C with *H-ouabain
(0.13, 1, 6, 64X 107°M) in the absence or pres-



ence of excess unlabeled ouabain, the reaction
mixture was rapidly filtered on filter paper
(Gelman, GN-6). The filters were then washed
three times with 5 ml of ice cold 180 mM NacCl
and incubated at least 12 h in scintillation cock-
tail(triton 300 ml, toluene 694.5 ml, PPO 5 g,
POPOP 0.5 g/1) prior to determination of ra-
dioactivity in liquid scintillation counter(Pack-
ard, Tri-Crab 300C). Specific binding site was
calculated from the difference in values ob-
served in the absence(total binding) and pres-
ence of cold ouabain(6.4X 1072 M)(nonspecific
binding).

Statistical analysis was performed with Stu-
dent’s t test, and the level for significance was
taken as a probability less than 5%(p<0.05).
All values reported represent the mean+SE.

RESULTS

Changes of blood pressure in experimental
hypertensive rats

Systolic pressure and diastolic pressure mea-
sured from sham operated rat and 1-kidney, 1-
clip hypertensive rat are given in Table 1. The
systolic blood pressure of hypertensive rats was
significantly greater(158%) than that of normo-
tensive rats. Also in diastolic pressure, hyper-
tensive rats showed significantly higher blood
pressure(141%) than sham operated rats.

Hematological characterization of
density-seperated erythrocytes

From fractionated erythrocytes by Percoll de-
nsity gradient centrifugation, Cell counts, hemo-

globin content(Hgb) and mean corpuscular vol-
ume(MCV) determination were performed by
Coulter counter(Table 2). The Erythrocyte
count was increased progressively with age
from 8.875+0.44(x10°%/mm® in fraction-a(top
layer) to 10.010.19(x10°%/mm® in fraction-c
(bottom layer), also hemoglobin concentration
(Hgb g/dl) was increased in fraction-c. Mean
corpuscular volume(MCV gm®/ea) became sli-
ghtly decreased in fraction-c(8%) when com-
pared to the corresponding value of fraction-a.
Also the membrane protein(mg) per ml packed
cell or per 10° RBC was decreased in aged frac-
tion, approximately 10% and 20% respectively.

Na, K-ATPase activity

Changes of Na, K-ATPase activity were ex-
amined in the cell membrane of each erythro-
cyte fraction(Table 3, Table 4). In this experi-
ment, reaction was induced in 110 mM MaCl
and 10 mM KCl, and Na, K-ATPase might be

Table 1.Blood pressure in control and 1-kidney, 1-
clip hypertensive rats

Systolic Diastolic
pressure pressure
(mmHg)
Control 110.5+£3.47 845+3.38
Hypertensive 165.5+6.11* 119.0+6.23*

Values represent mean * SE obtained from 10 ex-
periments.

*: Significantly different from the corresponding
value of control group(p<0.05)

Table 2.Hematological characteristics in the erythrocyte fractions of rats

Fraction

a b c
RBC count(105/mm®) 8.875+0.44 9.125+0.37 10.000+0.19
Hgb(g/dl) 16.700+1.02 18.330+£1.02 19.170+£1.02
MCV(um®/ea) 55.450+4.31 54.400+2.57 50.080+1.82
Membrane protein
(mg/ml packed RBC) 0.847+0.076 0.792+0.084 0.768+0.079
(mg/10° RBC) 0.095 0.087 0.077

Values represent mean = SE obtained from 4 cases. Hgb: hemoglobin

MCYV: mean corpuscular volume, ea: each cell



Table 3.ATPase activities in the cell membrane of each erythrocyte fraction of normotensive rats

Fraction
a b c
(#mole Pi/mg protein/hr)

Total 5.51+0.83

5.64+0.63 4.66+0.52
Ouabain sensitive 2.50+0.35 2.30+0.35 1.80+0.40
Nonspecific 3.01+0.45 3.34+0.45 2.86+0.37

Values represent mean = SE obtained from 5 experiments.

Table 4.ATPase activities in the cell membrane of each erythrocyte fraction of hypertinsive rats

Fraction
a b c
(#mole Pi/mg protein/hr)

Total 3.80+0.49 2.97+0.42 2.61+0.41
Quabain sensitive 1.46+£0.27* 1.25+0.21% 0.86+0.20*
Nonspecific 1.62+0.28 1.72+0.32 1.75+0.35

Values represent =SE obtained from 5 experiments.
*: Significantly different from the corresponding value of normotensive group(P<0.05)
A: Significantly different from the value of fraction-a

Table 5. Na, K-ATPase activities in the cell membrane of each erythrocyte fraction of normotensive and

hypertensive rats

u#mole Pi/mg protein/hr umole Pi/10° RBC/hr

Normotensive F-a 2.50+0.35 0.238 +£0.033
F-b 2.30+0.25 0.200+0.022
F-c 1.80+0.40 0.139+0.031

Hypertensive F-a 1.46+0.27* 0.139+0.026*
F-b 1.25£0.21* 0.109+0.018*
F-c 0.860.20" 0.066+0.015%

Values represent mean+SE obtained from 5 experiments. *: Significantly different from
the corresponding value of normotensive group(P  0.05) * Significantly different from

the value of fraction-a(P ( 0.05)

stimulated maximally. In all fractions of the
hypertensive rats, total ATPase and ouabain
sensitive ATPase activities were lower than
those of normotensive rats. In the aged red cell
(fraction-c), although Na, K-ATPase activity of
normotensive rats was 28% lower than that of
fraction-a, Na, K-ATPase activity of hyperten-

sive rats was significantly lower(40%) than that
of fraction-a(P<0.05).

Decrease in enzyme activity by red cell aging
was slightly increased when calculations for all
subsequent data were based on erythrocyte
number(10° RBC) rather than on membrane
protein amount(Table 5). In fraction-c of nor-
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Fig. 2. Effect of various ouabain concentration on
the uptake of Rb in the red blood cells(Frac-
tion-a). The specific Rb-uptake was estimat-
ed in the indicated concentration of ouabain.
Values are expressed as percent of the con-
trot activity for fraction-a. Each value repre-
sents the mean of five experiments.

NT: normotensive rat, HT: hypertensive rat

motensive rats and hypertensive rats, Na K-
ATPase activity compared that in fraction-a de-
creased approximately 40% and 50% respec-
tively

Rb-uptake in various ouabain cencentration

Functional aspects of Na, K-ATPase were
studied from the ouabain sensitive Rb-uptake
in the red blood cells. Rb-uptake in the medium
contained 8 mM RbCl was examined in the ab-
sence or prsence of ouabain(0.0016, 0.016, 1.6
and 16 x10~*M)(Fig. 2). In the fraction-a-eryth-
rocyte of normotensive and hypertensive rat,
Rb uptake in the absence of ouabain was inhib-
ited about 13, 40 and 70% in the presence of 1.6
x107%'1.6™* and 1.6x10°M ouabain respec-
tively.

Rb-uptake in various RbCl concentration

In order to assess the capacity of the sodium
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Fig. 3. Rb-uptake in erythrocyte of normotensive
rats. Na-pump activity was, estimated from
the ouabain sensitive Rb-uptake observed in
the presence of 4, 8 and 16 mM RbCl in phos-
phate buffer at 37°C with an 60 min incuba-
tion. Shaded bars represent nonspecific Rb-
uptake observed in the presence of 1.6x107®
M ouabain. The total bars represent the Rb-
uptake observed in the absence of ouabain.
Openbars therefore represent the ouabain
sensitive(specific) Rb-uptake, ie. the differ-
ence in values observed in the absence and
presence of 1.6x1073M ouabain. n=4. *: sig-
nificantly different from the corresponding
value of fraction-a(P<0.05).

pump for the low or high concentration of RbCl
in the incubation medium, total or ouabain sen-
sitive Rb-uptake was examined in the various
Rb concentration(Fig. 3, Fig. 4). Nonspecific
Rb-uptake in the presence of ouabain(1.6x 1073
M) was increased, as RbCl is increased 4 mM to
8 or 16 mM, but increased with almost same
ratio in each fraction. Total Rb-uptake in frac-
tion-a or fraction-b of normotensive rat was in-
creased about 60% and 110%, and in fraction-c,
increased about 40% and 90% with increasing
RbCl1 4 mM to 8 and 16 mM respectively. How-
ever in hypertensive rats, it was increased about
56% and 59% in fraction-a and about 30% and
60% in fraction-c.

Ouabain sensitive Rb-uptake was also de-
creased in fraction-c compared to that in frac-



tion-a in both group(Fig. 5). At high RbCl con-
tent(16 mM), ouabain sensitive Rb-uptake in
hypertensive rat was less than normotensive rat
in each fraction. The patterns in the changes of
these Rb-uptake values were almost same as
those of the value of Na, K-ATPase activity ob-
served with spectrophotometry. However oua-
bain sensitive Rb-uptake of hypertensive rat at
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Fig. 4. Rb-uptake in erythrocyte of hypertensive
rats. Details are the same as Fig. 3. *: signifi-
cantly different from the corresponding va-
lue of normotensive rat(P<0.05). 4 Signifi-
cantly different from the corresponding value
of fraction-a(P <0.05).

low RbCl concentration(4 mM), was slightly in-
creased(fraction-a and b) or slightly decreased
(fraction-c) as it was compared to same fraction
of normotensive rat. And difference between
Rb-uptake in fraction-a and fraction-c of hy-
pertensive rat was significant(p<0.05). From
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Fig. 5. Ouabain sensitive Rb-uptake in each fraction
of normotensive and h‘yperten-sive rats. Each
point represents the mean of four experi-
ments +SE. Normotensive rat{(NT); hyperten-
sive rat(HT); fraction-a(F-a); fraction-c(F-c).
*: significantly different from the correspond-
ing value of normotensive rat(P<0.05). * sig-
nificantly different from the corresponding
value of the fraction-a(P <0.05).

Table 6. Specific binding of *H-ouabain to cell membrane of young and aged erythrocyte fraction of normoten-

sive and hypertensive rats

3H-ouabain(x 10-¢ M)

*H-ouabain binding(pmol/mg protein)

0.13 6 - 64.1
Normotensive rat
fraction-a 0.23+0.02 0.66+0.08 10.50+1.19 90.8+ 6.01
fraction-c 0.18+0.03 0.56+0.07 6.00+£3.70 81.0+11.40
Hypertensive rat
fraction-a 0.20+0.02 0.640.08 5.00+1.70% 46.6+ 9.80*
fraction-c 0.14£0.03* 0.41+0.024 1.77+1.44* 41.7+14.90*

Values represents mean + SE obtained from 4 experiments.
*: Significantly different from the corresponding value of normotensive rats.
A: Siginficantly different from the corresponding value of fraction-a



this Rb-uptake experiment it was suggested that
in hypertensive rat, capacity of Na-pump for
higher stimulation is less than that of normoten-
sive rat but in normal or understimulation Na-
pump is not inhibited in rather, increased in
young erythrocytes.

SH-Ouabain binding studies

Erythrocyte ghosts from each fractions were
reacted with *H-Ouabain, and we ascertained
that the Na-pump sites or specific ouabain
binding sites on red blood cell were changed in
aged erythrocyte of normotensive and hyper-
tensive rats. In rat, there are two different cla-
sses of Na, K-ATPase with respect to their dif-
ferent affinities for ouabain(Adams et al., 1982;
Lee et al., 1984). One is characterized by a low
apparent affinity for ouabain(Kd, 30X 107°M),
represents a large proportion of total sites, an-
other is a higher affinity site for ouabain(Kd,
0.3X10°°M), which may represent a small pro-
portion of total sites. In this experiment(Table
6) the oldest cell fraction(fraction-c) of normo-
tensive rat showed slight decrease in specific
ouabain binding site at low or high ouabain
concentration compared to the youngest cell
(fraction-a). In the fraction-c of hypertensive
rat, ouabain binding sites at high ouabain con-
centration were also slightly decreased com-
pared to the fraction-a. However at the low con-
centration of *H-ouabain(high affinity site) in
the fraction-c of hypertensive rat, it was signifi-
cantly decreased(P<0.05). And ouabain bind-
ing site at high concentration of *H-ouabain(low
affinity site) in hypertensive rats, there were
less ouabain binding sites than normotensive
rats(P<0.05).

DISCUSSION

We can know the close relationship between
the development of hypertension and Na, by
seeing the facts that we have to inhibit Na in-
gestion or stimulate Na excretion during the
treatment of hypertension, and that the blood
vessel contractility will be increased by the in-
creased administration of Na. For the contrac-
tion of blood vessel, Ca-uptake from the extra-
celluar matrix is important because the blood
vessel smooth muscle has less developed sarco-

plasmic reticulum than skeletal muscle. So,
when the Na-pump of blood vessel smooth mus-
cle is inhibited, the quantity of Ca-uptake will
be increased in the intracellular fluid and this
will make increase of the blood vessle contrac-
tility. And it will contribute to the hypertension
development.

Many scholars reported that in the cell mem-
brane of erythrocyte or leukocyte which is not
directly related with elevation of blood pres-
sure, there is a change of Na-pump. But there
were different opinions among the scholars,
some scholars like Poston e «l.(1982) and
Edmondson ef al.(1975) insisted the inhibition of
Na-pump, and some scholars like Swartz et al.
(1981) and Duhmer al.(1983) insisted that there
was no change or increase of Na-pump. Fur-
thermore, Na-pump can be stimulated by in-
creased intracellular Na(Katano et al., 1985;
Jones et al., 1979).

In this experiment, ouabain sensitive Rb-up-
take of hypertensive group(fraction-a), when
there was 4 mM of RbCl in the reaction medi-
um, wasn’t inhibited in rather slightly increased
compared to the control group. But the Na-
pump activity(in the solution contained 110
mM NaCl and 10 mM KCI, Table 5) or Rb-up-
take in 16 mM RbCI contained solution(Fig 5),
of hypertensive group erythrocyte was signifi-
cantly decreased compared with the control
group. And by 16 mM RbCI, Rb-uptake in frac-
tion-a-erythrocyte was increased markedly in
control group(110%) but less increased in
hypertensive group(30~45%) compared to that
by 4 mM RbCH(Fig. 5). *H-ouabain binding
quantity at 0.13 or 1x10°M °H-ouabain con-
centration, in the fraction-a of hypertensive rat
was not make a significant difference with the
control group. But at 6 or 64x10°M *H-ouaba-
in concentration, it was significantly decreased
(P<0.05)(Table 6).

These results in young erythrocyte of hyper-
tensive rat, suggest that although decreased
pump activity at strong stimulation may be due
to decreased pump sites(low affinity site), in-
creased pump activity at weak stimulation may
be a result of compensatory increase in molecu-
lar activity for the decreased pump sites.

On the other hand, Katano(1984, 1985) and
Kennedy and Seifen(1988) reported the number
or activity of Na-pump in the cardiac muscle of



an aged rat was reduced, and Yang et al.(1988)
and Blostein et al(1990) also reported the re-
duce of Na-pump activity in the aged erythro-
cyte cell membrane of human, rabbit or sheep.
So the Na-pump in the hypertensive rat eryth-
rocyte cell membrane could be affected by the
aging of cell.

In our experiment, separated aged erythro
cyte showed increase of hemoglobin content,
the reduce of mean courpuscular volume
(MCYV), the increase of erythrocyte number per
packed RBC volume(ml) and the reduce in the
cell membrane protein amount per RBC, which
were in accord with the report of Cohen et al.
(1976).

In aged erythrocyte membrane(fraction-c),
the Na-pump activity was reduced about 40% in
the control group and about 50% in the
hypertensive group compared with fraction-a of
each group(Table 5). And the ouabain sensitive
Rb-uptake in fraction-c in low RbCl concentra-
tion was slightly reduced in normotensive rat
but reduced about 30% in hypertensive rat, and
in high RbCl concentration, reduced about 30-
40% in both group, compared with that in frac-
tion-a of each group(Fig. 5).

*H-ouabain binding sites in aged cell were
slightly decreased in 0.13 or 1 X10*M and in 6
or 64X 10°°M *H-ouabain concentration in both
group except that significantly decreased in
hypertensive rat in low *H-ouabain concentra-
tion, compared to that in fraction-a of each
group(Table 6). Because Na-pumps in rat are
mainly low affinty sites but in this experiment
they were slightly decreased in number with
aging, it is possible that decreased Na-pump
activity by aging might be due to change in mo-
lecular activity. However Na-pump sites in
aged erythrocyte of hypertensive rat were sig-
nificantly decreased at low and high *H-ouabain
concentration compared to that those in normo-
tensive rat.

From these results of aged erythrocyte, it is
suggested that 1) in normotensive rat, inhibited
Na-pump may be related to the change in mo-
lecular activity of pump, 2) and in hypertensive
rat, it may be related to the decrease in the
number of high and low affinity site as well as
the change in molecular activity.

REFERENCES

Adams RJ, Schwartz A, Grupp G, Grupp I, Lee SW,
Wallick ET, Powell T, Twist V and Gathiram P:
High affinity ouabain binding site and low dose posi-
tive inotropic effect in rat myocardium. Nature 296:
167, 1982

Bernstein JC and Israel Y: Active transport of Rb® in
human red cells and rat brain slices. J Pharmacol
ExpTher 174(2): 313-329, 1970

Beutler E, West C and Blum KG: The removal of leu-
kocytes and platelets from whole blood. J Lab Clin
Med 68: 149-155, 1976

Blostein R and Grafova E: Decrease in Na, K- AT Pase
associated with maturation of sheep reticulocytes.
Am J Physiol 259: C241-C250, 1990

Bradford MM: A4 rapid and sensitive method for the
quantitation of microgram quantifies of protein
utilizing the principle of protein-dye binding. Anal
Biochem 72: 248-254, 1976

Canguli M, Tobian L and Iwai J: Cardiac output and
peripheral resistance in strains of rats sensitive and
resistant to NaCl hypertension. Hypertension 1: 3-7,
1979 :

Cohen NS, Ekholm JE, Lethra MG and Hanahan DIJ:
Biochemical characterization of density-separated
human erythrocytes. Biochim Biophys Acta 419: 229-
242, 1976

Dargie HJ, Franklin SS and Reid JL: Plasma
noradrenaline concentration in experimental renova-
scular hypertension in the rat. Clin Sci Mol Med 52:
477-483, 1977

Dargie HJ, Franklin SS and Reid JL: T he sympathetic
nervous svstem in renovascular hypertension in the
rat. Br J Pharmacol 56: 365, 1976

De Mendonca M, Knorr A, Grichois ML, Ben-Ishay
D, Gray RP and Meyer P: Erythrocyte membrane
in SHR. Jpn Heart J 18: 604-605, 1977

de Wardener HE and MacGregor GA: Dahl's Hy-
pothesis that a saluretic substance may be res-
ponsible for a sustained rise in arterial pressure: If's
possible role in essential hypertension. Kidney Int 18:
1-9, 1980

Duhm J, Gobel BO and Beck FX: Sodium and potassi-
um transport acceleration in erythrocytes of DOC,
DOC-salt, two-kidney, one clip and spontaneously
hypertensive rats. Role of hypokalemia and cell vol-
ume. Hypertension 5: 642-652, 1983

Edmondson RP, Thomas RJ and Hilton DJ: Abnor-
mal leukocyte composition and sodium transport in
essential hypertension. Lancet 1: 1003-1005, 1975

Gruber A, Whitaker JM and Buckalew VM: Endoge-



nous digitalis-like substance in plasma of volume-
expanded dogs. Nature 287:743-745, 1980

Guyton AC: Arterial pressure regulation: Long-term
Control, Medical Physiology, 7th ed, edited by
Drebeldis, D., Saunders, p 268, 1986

Jones AW: Kinetics of active sodium transport in aortas
from control and deoxycorticosterone hypertensive
rat. Can Physiol Pharmacol 56: 572-582, 1979

Katano Y, Akera T, Temma K and Kennedy RH: En-
hanced ouabain sensitivity of the heart and myocar-
dial sodium pump in aged rats. Eur J Phamacol
105: 95-103, 1984

Katano Y, Kennedy RH, Stemmer PM, Temma K
and Akera T: Aging and digitalis sensitivity of car-
diac muscle in rats. Eur J Pharmacol 113: 167-178,
1985

Kennedy RH and Seifen E: Aging: Ouabain-sensitive
Rb uptake rate and responsiveness to digoxin in rat
left artrial muscle. J Pharmacol Exp Ther 248: 104-
110, 1988

Lee JH and Shim UT: Myocardial Na, K-AT Pase in
normotensive and one kidney, one-clip hypertensive
rats. Chungnam Med J 11(2): 1, 1984

McQuarrie I, Thompson WH and Anderson JA: Ef-
Sects of excessive ingestion of sodium and potassium
salts on carbohydrate metabolism and blood pres-
sure in diabetic children. J Nutr 11:77-101, 1936

Pamnami MB, Huot R, Steffen RP and Haddy FIJ:
Evidence for a humoral Na transport inhibiting fac-
tor in one kidney, one wraped hypertension. Physiolo-
gist 23: 91, 1980

Poston L, Sewell RB, Wilkinson SP, Richardson PJ,
Williams R, Clarkson EM, MacGregor GA and
de Wardener HE: Evidence for a circulating sodi-
um transport inhibitor in essential hypertension. Br
Med J 282: 847-849, 1981

Rogenberg SA and Guidotti G: The protein of human
erythrocyte membranes 1. Preparation, solubilization

and partial characterization. J Biol Chem 243(8):
1985-1992, 1968

Schwartz A, Allen JC and Harygaya S: Possible in-
volvement of cardiac Na, K-adenosine triphosphase
in the mechanism of action of cardiac glycosides. J
Pharmacol Exp Ther 168: 31-41, 1969

Swarts HGP, Bonting SL, De pont HHM, Schu-
urmans stekhoven FMAH, Thien TA and Laar
AV: Cation fluxes and Na, K-activated AT Pase
activity in erythrocytes of patients with essential
hypertension. Hypertension 3: 641-649, 1981

Takeshita A and Mark AL: Neurogenic contribution to
hindqarters vasoconstriction during high sodium in-
take in Dahl strain of genetically hypertensive rats.
Circ Res 43(Suppl I): I-86-1-91, 1978

Tanaka T, Ski A, Fujii J, Kurihara H and lkeda M:
Norepinephrine turnover in two types of experimental
renovascular hypertension of the rabbit. JPN Circ J
4:881-882, 1977

Tobian L, Pumper M, Johnson S and Iwai J: A4 circu-
lating humoral pressor agent in Dahl “S” rats with
salt hypertension. Clin Sci 57(Suppl 5): 3455-347s,
1979

Tobian L, Coffee K and McCrea P: Contrasting ex-
changeable sodium in rats with different types of
Goldblatt hypertension. Am J Physiol 217: 458-460,
1969

Turner BM, Fisher RA and Harris H: The age related
loss of activity of four enzymes in the human eryth-
rocyte. Clinica Chimica Acta 50: 85-95, 1974

Vettore L, de Matteis MC and Zampini P: 4 new den-
sity gradient system for the separation of human red
blood cell. Am J Hematology 8: 291-297, 1980

Yang SY, Ahn BW, Jung YD, Lee KY and Lee MW:
Enzyme inativation as related to protein oxidation
during erythrocyte aging. Chonnam J Med Sci 1(1):
10-18, 1988



2
aEqkF w3 AP Fol|4 9] Na, K-ATPaseoll B3k A

¥ s A (1-kidney, l-clip-hypertensive rat)e] oA 3} 23 o] wE Na, K-
ATPased] ¥W%& FAslaa =3Ad3E Z&3dohd AEZtol MY Na-pump 45 2
ouabain®| AU Rbel AEY FUAHL A|Bst] ohg3t 2 73_4?—— dgich

12 Ao AM83h w¥st WA dghe -?%71 2 o]gk7] ¥ste} 165.5/119.0 mmHg=
oA Zr1 ddnh 23 AR e AFEAMCV)F AlE= gl gheke Zhiely A
22 F7) Huk

2. 110mM NaCl % 10mM KCl EAistoiAe] A3 A Evt

Zatel vis] koA AAl FHglon o EFoA ksl 9

3. 4 mM RbCIEA slell - Ouabainel] 28] dAI=+= RbY FS AHAF » zdF9] 23
Ay oA ofF FhAF 9l om 89 young erythrocytel % 2388 oft F71 =4dch

4, 16 mM RbCl £A13tll 4 Quabainel] 28] A=+ RbY F4-2 oo 3l 2 &P
A= ZHE9] young erythrocyteoll ¥|3] oF 30-50% 4= on, 8Tl 53] young
erythrocyteell A AATF 2 young erythrocyteol wls) F2lebA 7FAs ol

5. 0.13x10°*M=} [ x10°*Moll 4 2] ouabain bindinge A9 =3ld 8T eA= young
erythrocytedl v]3] <F7F 2raE g ovp w89 w3A gt A= oA FAas= ).

6. 6xX10°°M=} 64x10°°M )2} ouabain bindinge ¥+ =3} HPF o= 2tk o
Haxwk f942 99em 184F9 young erythrocyte 3 :3H ol A A9
young erythrocyte'® =3} 23 Fo vls) fo)shA sk

olAte] AxzHE @ 1¥ °H4«] young erythrocytell 41+ low affinity2] Na-pump52]
744 molecular activity?] %7}, @ AArH Y k3 A= Fol4E molecular activity®] *
3, @ 2¥FAY w3148 o4+ molecular activity? A3t 2 high affinity$} low affin-
ity?] Na-pump5-2] #s}5el 25l Na-pump? 750 ¥isd £ A& AR F2Hrh

Na, K-ATPase &4 5= o
i Rl g Sk o Dol =
K



