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Effect of tetrandrine on myocardial Na', K'—~ATPase in renovascular

hypertensive rats

CHEN Nian~—Hang. WANG You-Lin, DING Jan—Hua
(Department of Pharmacology, Nanjing Medical College. Najing 210029, China)

ABSTRACT  In renovascular hypertensive rats
(RVHR. two—kidney. one—clip model). the
myocardial Na“. K —ATPase showed a reduced ac-
tivity. Though its sensitivites to K™ and ownabain
{Oua) were not changed, the enzyme was less respon-
sive 1o Na™ and ATP, and also much more suscepli-
ble to the inhibitory effect of Ca®" Tetrandrine
{Tet. ig 50 mg- kg'. gdx 26 d) increased the
myocardial Na*. K™ATPase activity in RVHR.

However, in vitro, Tet elevated moderately the
enzyme activity in RVHR only at high concentrations
(100 —1 000 pmol - L™ 3}, and failed to influence the
enzyme activity in normotensive rats. In RVHR,
treatrment by Tet in viro increased the degree of the
Na®. K'-ATPase activation wunder suboptimal
substrate (Na~. K*, or ATP) concentrations and an-
lagonized the inhibitory effect of Ca** or Ouna. Simi-
lar resulls'were found when the enzyme preparation
from RVHR was incubated with Tet 10 pmol - L™

during ATPase analysis. On the conirary, the
myocardial Mg?*~ATPase activity was higher in
RVHR. Tet depressed this enzyme both fn vivo and i
vitro,  These facts indicate that the increased
myocardial Na™. K —ATPase activity in RVHR is
not only secondary to the calcizm channel blocking or
aniihypertensive action of Tet but also due to its direct
effects on the Na*., K*'-~ATPase and Mg>~ATPasec.
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The abnormalities of myocardial Na*,
K"—ATPase. which have been observed in
varicus forms of experimental hyperten—
sion™, might be related to the hypertension
and its subsequent heart complications. Our
previous studies showed that tetrandrine (Tet)
could improve the partially depressed
myocardial Na", K'~-ATPase activity in
normotensive 1ats (data to be published).
However, itis yet unknown how the drug. as
an antihypertensive agent, would influence
the myocardial Na*, K'—ATPase activity in
hypertensive rats. This study is to investigate
what changes take place in the myocardial
Na', K'—ATPase  isolated from  the
renovascular hypertensive rats (RVHR,
two—kidney. one—clip model), and also to
observe the effects of Tet on this enzyme both
in vive and in vitro.

MATERIALS AND METHODS

Reagents
Jinghua Pharmaceutical Co.

Tet was purchased from
Ouabain (Oua)



http://www.cqvip.com

and sodium deoxycholate were obtained from
E Merck and Fluka, respectively. Histidine
and adenosine 5 —triphosphate (disodium
salt, ATP) were products of Shanghai Insti-
tute ol Biochemistry. Chinese Academy of
Sciences. Other reagents were of AR grade.
All solutions were prepared using distilled,
deionized water.

Rat model Male Sprague—Dawley
rats. weighing 265+ s 22 g with documented
normotension, were used. Hypertension was
produced by clipping the left renal artery™.
The sham—operated rats underwent a similar
procedure except for no silver clip put around
the renal artery. All rats were maintained on
normal rat chow and tap water ad fib. The
systolic blood pressure (SBP} and heart
rate(HR) of the conscious rats were monitored
regularly by the tail—cuff method using a BP
and HR recorder for rats (MRS-1II,
Shanghai Hypertension Research Institute}.
After 40 d, the rats which developed sus-
tained hypertension were randomly divided in-
to 2 groups: the treated and untreated
groups. Tet 50 mg - kg ' was administrated
daily by gavage for 26 d. The untreated rats
received distilled water of the same volume.

The sham—operated rats were fed in the
same way. buot were not given any treatment.

Preparation of myocardial microsomes
At the end of the treatment period, fe. 66d
after operation, the rats were killed by
exsanguination under pentobarbita (ip 40 mg -
kg™') anesthesia. Myocardial microsomal
fractions were prepared'”. Microsomal pro-
tein content was determined according to the
colorimetric method® using bovine serum
albumin as the standard.

ATPase activity assay The ATPase ana-
lyses were performed and compared in the four
groups as follows: sham control {group A):
renovascular hypertensive control {(group B);
RVHR treated by Tet in vive {group C);
RVHR in which myocardial microsomes were
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incubated with§Tet during ATPase analysis
(group D). Myocardial microsomal ATPase
activity was assayed in duplicate by
colorimetric method®™, Na®, K'—ATPase
activity was calculated as the difference
between the total and Mg *—dependent
ATPase activities. Tet was incubated with the
microsomes during ATPase analysis when its
effect was observed fn vitro. Some experi-
ments were carried out under suboptimal
substrate concentrations or in the presence of
such inhibitors as Ca®™ and Oua, since it
might be difficult to measure a further
stimulation of Na*, K'—ATPase by Tet under
a relativley optimal condition mentioned
above.

RESULTS

SBP. HR. body weight. heart weight.
and myocardial microsomal protein yield
Clipping of the left renal artery induced a pro-
nounced hypertension in  rats. This
hypertension did not differ between groups B
and C before the treatments. Treatment with
Tet markedly decreased SBP in group C. HR
did not change in all the 3 groups. Although
body weight remained the same in each
group, there was a notable increase in the ra-
tio of heart weight to body weight in group
B. which suggested the myocardial hyper—
trophy was produced in RVHR. Treatment
with Tet decreased this ratio significantly.
The myocardial microsomal protein yield of
group C increased as compared with that of
group A, baut it was not remarkably different
from that of group B {Tab [).

Effect of Tet on myocardial ATPase under
optimal condition The Na*, K'—ATPase ac-
tivity was lower and the Mg>*—ATPase activity
was higher in group B than in group A.
Treatment with Tet in vive significantly in-
creased the Na*. K'—ATPase activity and re-
duced the Mg *—ATPase activity concomi—
tantly in RVHR (Tab 1}.



http://www.cqvip.com

.490

Tab 1. Systelic blood pressure (SBP). beart rate (HR). body weight (BW). heart weight (HW). microsemal pro-
tein yield. and myocardial ATPase activities in renovascular hypertensive rats (RVHR) treated with tetrandrine

(Tet. ig 50 mg- kg™, qdx 26 d). % = s

* P>0.05,

P<005, “TP<0.01 v group A. TP>0.05,

HP<0.05. ™MP<(01 vs groupB.
Group A) Sham control B) RVHR control C) RVHR treated

n 10 616 7-14
SBP. kPa Before medication 15.3+0.8 233210 234

After medication 14021 23+3" 16,1 +2,9*
HR. bpm 34y £22 370167 359+ 197
BW. g 35342 378 £487 329 £ 55°7
HW/BW, g g'x10° 2.65+0.25 3.3+048° 291+£0.24 "
Microsomal protein, mg./ g heart wt 5715 6.6+0.8° 702067
Na', K™~ATPase, (pzmol P, / mg protein) - h™ 10412 7617 04+1. 7+
Mg**—ATPase, (umo! P,/ mg protein) - h™’ 47%5 5423 TRY: S

Tet 0.1—1 000 ymol - L™ in vitro showed
no effect on the Na”, K'—ATPase in group A
but increased 3 — 10% of this enzyme activity
in group B. Tet concentration— dependently
inhibited the Mg**—ATPase activity in both
groups A and B, especially in the latter. The
concentrations producing 50%  inhibition
(1C,) calculated by the weighted regression
line method were 153 (110~214) ymol - L™ in
group A and 131 {84-207) gmol - L' in
group B, respectively (Fig1).
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Fig 1. Effects of tetrandrine on myocardial
Mg?—ATPase () and Na'. K*—ATPase (@)
activities in vitro in sham—operated rats {a. »=25) and
renovascular hypertensive rats (b, »=8) under optimal
condiion. x*s. “*P<0.05 **"P<(.01 vstetran—
drine = 0.

Effect of Tet on myocaridal Na',
K*—ATPase in presence of inhibitors

1 Ouabain Oual - 1000 gmol - L™
inhibited the Na*, K'—ATPase in a concen-
tration—dependent manner in all groups. The
enzyme preparation from group A and B had
similar sensitivities to Oua, the IC;;, values
of Oua being 30 (17-52) and 25 (14—43)
umol- L7', respectively. However, treatment
with Tet in vivo made the enzyme preparation
from group C distinctly less sensitive to Oua,
causing a shift to the right in the
concentration—response curve for Oua. its
1Cs, being 103 (64—164) ymol - L™, Treat-
ment with Tet 10 gmol * L' in vitro made the
enzyme preparation far less responsive to Oua
with its ICs, increasing to 239 (138—412)
pmolL™" (Fig 2a).

2 Calcium  Like Ouwa, CaCl, 10
pmol - L™ — [0mmol - L™ also produced a
concentration—dependent inhibition of the
Na®, K —ATPase in all groups. However,
this inhibition was much greater in group B
than in group A (P<0.01). Treatment with
Tet in vive markedly enhanced the tolerance of
the enzyme to Ca®* (P<0.01 vs group B) but
failed to normalize the increased sensitivity to
Ca** in RVHR., Treatment with Tet 10
gmol - L™ in virro completely normalized the
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responsiveness of the enzyme to Ca® in
RVHR (P <0.01 vs group B, Fig 2b).

No further antagonism against Qua or
Ca’™ was seen when the concentration of Tet
was increased to 100 gmol - L™ in virro.
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myocardial Na*, K™—-ATPase by ouabain (a) or Ca®
(b) in vive or in vitro. (D) Group A, n=5. (@)
GroupB,n=6. (%) GroupC. r=7. () Group
D: Renovascular hypertensive rats in which myocardial
microsomes were incubated with tetrandrine 10 gmol -
L™ during ATPase analysis. n=6. x=s For other
explanations see Tab 1.

Effect of Tet on myocardial Na'.
K'—ATPase under suboptimal substrate concen-
trations

1 Sodium At a NaCl concentration of
30 mmol - L', the degrees of the enzyme
activation between groups A (62+£ 13%)and B
{60+ 4%) were similar (P> 0.05). The degree
of the enzyme activation in group C was 75+
14% (P>0.05). Incubation of the micro—
somes from RVHR with Tet 10 ymol - L™
increased the degree of the enzyme activation
to 88+ 11% (P <0.01).

At a NaCl concentration of 10 mmol -
L', the degree of the enzyme activation was
significantly lower in group B than that in
group A: 19+ 7 and 35+ 9% (P<0.05),
respectively. Treatment with Tet. i vivo and
in vitro. significantly improved the degree of
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the enzyme activation in RVHR: 471+ 14% in
group C and 55+ 9% in group D (P<0.01 us
group B).

2 Poassium KCl 3-0.5 mmol - L™
produced a similar reduction in the percentage
of the Na', K*'-ATPase activity between
groups A and B {P>0.05). The concentra-
tions of KCl required to produce a comparable
degree of the enzyme activation were markedly
lower in groups C and D {(P<0.01 vs group
B), thus causing a left shift in the concentra-
tion-response curves for KCl. Therefore,
Tet seemed to promote the enzyme—potassium
intereaction at suboptimal KCl concentrations
both in vivo and in vitro (Fig 3a).

3 ATP  An increase in the Na™,
K*—ATPase activity was obtained with the el-
evation of ATP concentration. Under
suboptimal ATP concentrations. the degree
of the enzyme activation was significantly low-
er in group B than in group A (P<0.01). The
concentration—response curve for ATP was
shifted to the left in group C as compared with
that in group B (P <0.01). The leftward shift
was more pronounced in group D (P<0.01 vs
group B). It might be concluded that Tet fa-
cilitated the binding of ATP to the Na*,
K*-ATPase (Fig 3b).
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Fig 3. Effects of tetrandrine on myocardial Na“.

*—ATPase activity in vive or in vitro in renovascular
hypertensive rats under suboptimal K- or ATP . For
other explanations see Tab 1 and Fig 2.
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DISCUSSION

Our experiments indicated that the
myocardial Na*, K'—ATPase activity is re-
duced in RVHR. and this may reflect a de-
creased capacity for sodium—potassium pump-
ing across the myocardial sarcolemma. Inhi-
bition of the sodium pump would favor a rise
in cell calcium®. which in turn depresses
Na*, K*—ATPase'”. Because of its actions
on the myocardial contractivity and eletrical
activities. the reduced myocardial Na®.

*—ATPase activity combined with an in-
creased cytolic calcium level may contribute io
the development of renovascular hypertension
and its heart complications'*'".

Although its sensitivities to Qua and
potassium are not altered, the myocardial
Na*, K*—ATPase from RVHR js less sensi-
tive to sodium and ATP, but much more sen-
sitive to calcium. These phenomena indicated
that some properities of the enzyme are
changed during renovascular hypertension.
Higher intracellular calcium and hyper—
reactivity to calcium of the Na*, K*~ATPase
might be taken as a possible reason for the re-
duced myocardial Na*. K*—ATPase activity
in RVHR. whereas the modified affinities of
the enzyme for sodium and ATP as another.
It is believed that the binding sites of the
Na*., K*-ATPase for ATP, sodium. or
calcium are facing intracellular fluid‘'®, So,
the abnormality of the enzyme seems to occur
at its inter—membrane side.

Tet appears to have mutiple effects on the
myocardial Na*, *—ATPase of RVHR.
Firstly, it involves its calcium channel block-
ing and antihyperiension?, which could re-
verse the defects of the enzyme secondary to
renovascular  hypertension and excessive
celleular calcium. Secondly, it is possiblly re-
lated to its direct effect on the enzyme, be-
cause Tet 10 umol - L™! antagonizes the inhi-
bition of the enzyme by Oua or calcium and

promotes the emzyme—substrate interaetions
in vitro in RVHR. 1t is of interest that Tet
needs a higher concentration (100 gmol - L™
to show part of such effects in normotensive
rats (data to be published). This indicated
that the enzyme is more sensitive to Tet in
RVHR than in normoiensive rats. Thirdly.
Tet might modulate the enzyme activity by de-
pressing Mg>“~ATPase. ATP is a substrate
common to both Na®*, “~ATPase and
Mg**—~ATPase. Under suboptimal ATP con-
centrations, Tet could facilitate the binding of
ATP to the Na*. K*-ATPase through inhib-
iting the Mg®—ATPase. This modulation
could have more significance in vive, because
what is called suboptimal concentrations of
ATP might be, in reality, nearer to the phys-
iological conceritration required to activate the
ATPases’, and also because the hyper—
trophic myocardium has a greater Mg™—
ATPase activity and might have a relatively
less ATP production in RVHR., Hence, Tet
might be a potential drug for attenvation of
the myocardial changes accompanied with
hypertension.
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