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Effect of captopril on intracellular pH in vascolar smooth muscle cells’
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AIM: To observe the effect of captopril (Cap) on
intraceflular pH (pH,} in aortic smooth muscle ceils
(ASMC). METHODS: Culured ASMC derived
from rat and rabbit aortae were loaded with the
fluorescent dye BCECF and pH, was determined
using digital image processing method.
RESULTS: The pH;, of untreated SHR and WKY
rats were 7.371£0.29 and 7.19* 0.31, respec-
tively. Oral Cap decreased pH, (7.11 X 0.26,
P<0.05) and exaggerated pH, response to
angiotensin I (Ang-T, 0.1 umo!l-L™") in ASMC
of SHR rats vs WKY rats (0.1420.05 vs 0.21
+0.05 pH units, P<0.01). Cap i vitro had no
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effect on Ang- Il induced intraceilular alkalinization
in ASMGC of rabbits. OCONCLUSION: Oral Cap
inhibits Na* — H" exchange activity in ASMC of
SHR rats.

The Na* —H* antiport is involved in the
pathogenesis of hypertensionl”. An augmented
activity of this ion transport system is demonstrated
in human hypertension and in inbred SHR rats!®%

Antihypertensive treatment with angiotensin-
converting enzyme (ACE) inhibitor captopril (Cap)
reduces cellular Na* and Ca®* which are linked to
Na™ —H"* exchanger in patients with essential
hypertension and SHR rats®~ %), Little is known
about the effect of Cap on intracellular pH (pH;)
and its modulater Na* — H" exchanger’" although
the effect of enalapril on this antiport has been
examined®), The present study was undertaken to
determine whether oral Cap affected Na™ —H*
antiport in aortic smooth muscle ceflls {ASMC) of

SHR rats. We also examined the effect of Cap in
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vitro on pH, changes in ASMC of rabbits.
MATERIALS AND METHODS

Materials The molecular probe 27,7 -bis-| 2-carboxy-
ethyl)-5(6) -carboxyflucrescein acetoxymethyl ester { BCECF)
was from Sigma. Angiotensin I (Ang- Il ) was from
Sigma. Cap was obtained from Changzhou Pharmaceutical
Factory. Medium-199 was from Missui.

Solutions ~ The HEFES-buffered solution ( HBS)
contained: NaCl 1, KCl 5.4, CaCl; 1.2, MgClL, 1.2,
HEPES 10, and gluccse 5 mmol-L™!. A 0.2 mmol+L™!
stock solution of BCECF was prepared in Me; S0,

Preparation of rats'”)  SHR ( 3. 8 wk old. = =10,
weighing 150+ 13 g) and WKY rats (2, 8 wkold, n =5
weighing 206+ 15 g} were obtained from Shanghai Institue of

Hypertension and divided into 3 groups: Cap-treated SHR -

group (SHR ., #=15) received Cap at 100 mg-kg™'-d™ ! vie
the drinking water for 16 wk; untreated SHR (2 =5) and
WKY group (n = 5) given tap water. Systolic blood
pressure { SBP) was determined in conscious, restrained rats
by the tail-cuff method. At the end of the dosing peried, the
aorta was excised.

Cell cultore  ASMC were cultured®! for 7 — 8 d of rat
acrtaeor ar passage level 9 — 11 derived fram rabbir acrtae.
Cells of rabbirs grown on coverslips at a density of {1 — 5)
% 107 cells ™! were made quiescent in 0.4 % Medium-199
supplemented with Cap or wehicle for 48 h pror to
experiment-. The pH, changes was assessed 2 min or 6— 7
h after exposure to Ang-1I .

Measurement of pH; Cells grown ooverslips were rinsed
twice with HBS and loaded with BCECF 2 pmol*L ™! for 15
min at 37 T . After loading, the cells an coverslips were
washed twice with HBS and then placed in a small glass
cuvette on the stage of fluorescence microscope.  The
fliucrescence of BCECF loaded cells was monitored at A, 530
nm with A, 450 nm and recorded by photograph. The grey
values of images were measured using digital imaging
method'®-#) and then converted to pH, on calibratian curve.

Group #-test was used for statistic oompana)n

RESULTS

Blood pressure of rats The SBP values of
WKY, untreated SHR and SHR,, were 16.0
+0.6,26.8+0.9, and 15.8 £ 0.4 kPa (n =5
rats), respectively. SBP of untreated SHR was
higher than that of the other two groups. There
was no significant difference in SBEP between WKY
and SHR,;.

Basal pH; and pH; response to Ang-II in
ASMC of rats There was no significant difference

in basal pH; between untreated SHR and WKY
(7.37 £0.29 »s 7.19+£0.31, n =20 cells of 5
rats, 4 cells/tat). But basal pH, was higher in
ASMC of untreated SHR compared with SHR,,
(7.11 £0.26, n =20 cells of S rats, 4 cells/rat,
P<0.05). Ang-II 0.1 guol*L™! produced an
intracellular alkalinization in ASMC of untreated-
SHR, but had no apparent response in ASMC from
both SHR_,, and WKY rats (Tah 1)

Tab 1. Angiotensin T (0.1 pmol+L "1 )-induced changes in
pH, in aortic smooth muscle cells of rats. 7 =20 cells of 5
rats (4 cells/rat), £t 5. *P<0.01 vs unireated-SHR rots.

pH changes { pH units)

Untreated-SHR rats 0.212£0.05
Cap treated-SHR rats 0.14£0.05°
WIY rats 0.1120.0%

Effect of Cap on Ang- [I -induced pH, changes
in ASMC of rabbits Basal pH; was 7.13 £ 0.29
(7 =40 cells of 4 rabbits, 10 cells/tabbit. Ang-1I
0.1 - 10 pmol+ L™ induce intracellular allaliniza-
tion in a concentration-dependent manner (7.34
0.3, 7.4520.31, and 7.59120.27, n =20 cells
of 4 rabbits, 5 cells/rabbit). Cap 0.1 — 10 pmol
*L™! had no effect on Ang-I (1 pmol * L71')-
induced intracellular alkalinization (7.52 + 0.21,
7.49 0.3, and 7.38 £ 0.28 »s 7.45 £ 0.31,
n =20 cells of 4 rabbits, 5 cells/rabbit, P>0.05).

DISCUSSION

Our resulis revealed that antihypertensive
therapy with Cap for 16 wk decreased pH; and
exaggerated Ang- Il -induced intracellular allealiniza-
tion in ASMC of SHR rais. It was reporied that
pH, and wvasoconstrictor-induced pH, changes were
regulated by Na* —H* exchanger'™® of which
activity was enhanced in SHR rats!®***). These
results indicate that oral Cap decreases enhanced
Na* —H" exchange activity in ASMC of SHR.
These results did not agree with studies by Rossopf
et al'¥ who demonstrated that elevated platelet
Na* —H* exchange activity was refractory to
antihypertensive (reatment with enalapril for 6 wk.
Perhaps, the difference may be due to different
duration of therapy or different type of ACE
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inhibitors. Our results also showed that Ang- I
induced a concentration-related intracellular alka-
linization m ASMC of rabbits, but pH, response to
Ang-[l
incubated with Cap.

remained unchanged when ASMC were
This shows that Na®-H*
exchanger in ASMCU of normotensive animals is
resistant to Cap.

The results of this study demonstrated that oral
cap caused & decrease in enhanced Nat -H"
exchange activity in ASMC of SHR rats and Cap in
vitro did not affect Na® - H* exchanger in ASMC
of rabhits.

difference in

We can not tell whether there is
Na* -H"

normotensive animals and hypertensive animals and

exchanger between

whether Cap can directly interfere with the f:g&

Na® —H" antiport in ASMC of SHR rats or not.
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