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Effects of tetrandrine on cytosolic free calcium

in cultured rat myocardial cells
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AIM: To study the effects of tetrandrine (Tet)
on myocardium. METHODS: Using Fura 2-AM
and AR-CM-MIC cation measurement system,
cytosolic free calcium ([Ca®*]) was examined in
cultured rat single myocardial cells. RESULTS:
The resting [Ca?' ] was 90+12 nmol+1.7 ! in the
presence of Ca®" 1.3 mmol L' in Hanks® solu-
tion. Tet 1—100 pmol+L ! had no effect on the
resting [Ca®t],, but 10—100 pmol+L. 7! depressed
the [Ca?* ] elevation when extracellular Ca?* was
5 mmol-L'. Tet 1—100 pumol -L ' inhibited
KCl (30 and 60 mmol -L.7!) induced [Ca?* ] ele-
vation in a concentration-dependent manner. the
ICs; value was 8.8 pmol -L™' (95 % confidence
limits; 3.3—23.7 pmol+L"") and 6. 9 pmol-L"'
(95 % confidence limits: 2. 8—17. 4 pmol-L""),
Norepinephrine (NE} 10 pmol L'
caused a rapid increase in [Ca’" ], in the presence

respectvely.

or abscence of extracellular Ca?*, Tet 30— 100
Tet 10—
100 pmol L7 also decreased ouabain (Oua )-in-
duced elevation in [Ca?**]. CONCLUSION: Tet
had inhibitory effects on Ca?* transmembrane

pmol «L.7! only decreased the former.

movement . but it is not a selective calcium chan-
nel blocker in rat myocardial cells.

Tetrandrine {(Tet), an alkaloid extracted
from the roots of Stephania retrandra S Moore,
has been used for the treatment of hypertension.
Tet exerted a negative inotropic action on the car-
» depressed V... in K*-depolarized

diac muscle*"’

papillary muscle in a frequency-dependent man-
ner?’, blocked the slow inward Ca®** currents in
canine cardiac Purkinje fibers™’', inversed positive
staircase phenomena, and de;:;ressed post-Test po-

tentiation of contraction™, Its pharmacological
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characterizations in cardiovascular tissues have
been specially focused on its Ca®*' antagonistic ac-
tion at the voltage-dependent channels (VOC)I™.
This suggested that Ca** channels blocked by Tet
play an important role in its effects on cardiovas-
cular tissues. In this paper. cytosoclic free calci-
um ([Ca®*]) was examined in cultured rat single
myocardial cells loaded with Fura 2-AM to test

the effects of Tet on heart cells.
MATERIALS AND METHODS

Myocardial cells were cultured®™ with some modifica-
tions. Sprague-Dawley newborn (2 —4 d} rat (Jiangsu
Lazboratory Animal Center) hearts were rinsed with ice-
cold Ca? - and Mg®**-free Hanks’ solutien, (NaCl 137,
KCk 5, glucose 5.6, Na,HPO, 1.1, KH;PO, 6.1 mmol
«L7, pH 7.2—7.4).
pruned off.

Vessels and atria were carefully
The ventricles were minced into 1 — 3 mm’-
pieces. and disaggregated at 37 C in Ca®” -free modified
Hanks" solution containing 0. 46 % trypsin. The propor-
tion of myocytes in culture was enriched by a preplating
method that made preferential attachment of non-muscle
cells”™'.  After 1-h incubation, viable myocytes were seed-
ed 1> 10° per 35-mm dish with a glass cover-slip on its
bottom. Cells were incubated at 37 C in a medium con-
taining 30 % RPMI1-1640, 10 % fetal bovine serum in hu-
midified 95 % air+5 % CO; for 36— 48 h. Atraching to
glass cover-slip, the cells were loaded with fluorescent
probes. which was started by adding fura 2-AM dissolved
in Me,SO to Hanks® solution (NaCl 137, KCl 5, MgCl,
0.5, CaCl 1.3, glucose 5.6, HEPES-NaOH 10 mmol
L', pH 7. 2—7. 41\ with a {inal concentration of Fura 2-
AM of 3 pmol=L7%
the dark 40 min and rinsed with fresh Hanks' solution for

Having been incubated at 37 C in

3 times, the cells were available for Ca*' measurement m
2 hat 20—25 (.

Loaded cells artaching to cover-slip were studied on
AR-CM-MIC cation measurement system with DM3000
software (Spex Industries Inc, USAY 3,340 nm and 380
nm. Am505 nm; time increment 2 5. Put the cover-slip in
a special-made chamber with Hanks’ solution (37 C. pH
7.2—7.4).
the phase-contrast microscope, before and after Tet-treat-

Chose one myocerdial cell each time under

ment. monitored fluorescence ar 340 and 380 nm under

protection from light. Autoflucrescence was measured
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with unlnaded cells, [Ca* ], was calculated by the fol-

lowing equation * ; [Ca®™ ] =K +tsb; /by )« (R — R ) /LR

R..) omol L7,
ionomyain and egtazic acid « respectively,

Fura 2-AM, ouabain . RPMI Medium 1640, and ivno-

Tet (98 " pure)

was made by Jinbua Pbarmaceutical Cu.

The Kmxand R, were determined by

mycin were purchased {rom Sigma.
Trypsin and all
other chemicals were AR. High K solution was made by
substituting MNaCl with equimolar KCl, so did bigh Ca®**
solution. Ca®' -free solution was made by removing CaCl,
from Hanks' solutiocn. All solutions were prepared with
distilled and deionized water. Treated groups were added
Tet and agonist seguentialy., while contral groups were
Tet &1 — 100 pmel «L™7 had no

effect on the fluorescent intensity at 340 and 380 nm.

added agonist only.

Data were expressed as T+t s. Statistical difference

was evaluated by /-test.
RESULTS

Resting [Ca®>" ], The resting [Ca®t ], was 90
+ 12 nmol*L™'(n =8} in Hanks" solution con-
taining Ca**' 1.3 mmeol+*L"'. Preincubation with
Tet 1, 10, 30, and 100 pmol-L~! for 5 min. did
not induce any significant change in [Ca’* ].
Tet had no effects on the passive diffusible flux of
Ca** through the
myocardial cells.

Tet on KCl-induced [Ca*™ ] elevation When
the cells were exposed 1o high K* in Hanks' sclu-

cytoplasmic membrane of

tion containing Ca*t 1. 3 mmol <L '. the [Ca‘* ]
increased rapidly. KCl 30 and 60 mmol<L ! in-
creased the [Ca®* ] by 291 2§ and 430 % . respec-
tively. Preincubation with Tet 1. 10. 30, 100
vmol «1.7? for 5 min inhibited the KCl (30 and 60
mmol « L7 }-induced [Cat ] elevation by 37 %7,
48 %5 . 61 %5, 65 %; and 32 4. 55 %, 66 %,
70 % . respectively. The IC., were 3.8 (95 3¢
confidence limits: 3.3—23.7) pmol+1. *and 6.9
(93 %9 confidence limits: 2. 8—17. 4> pmol-L .
respectively (‘Tab. 1.

Tab 1. Eflects of Tet on KCl (30. 60 mmol - L~!)-
indoced [ Ca®" |, in cultured rat myocardial cells.
n—28, xts. “P<<0. D1 vs contral.

K(‘ln" iCa”:‘./ Tet f’p.mul'Lil
mmol ‘L™ nmol-1L~? 1 10 30 1 o

3l 362+9 255412° 226+£11° 19248 147+14°
GIY 4854k 16 365+9 27218 23713 21149

Norepinephrine-induced [Ca®' |, elevation

Notepinephrine (NE) 10 pmol+L ™" increased the
[Ca®* ] by 140 %4 in the [Ca®* ],-free Hanks’ solu-
tion containing eglazic acid 0. 05 mmol +L 7!, and
by 191 % in the presence of [Ca®" ], 1. 3 mmol
<1.7', respectively., Tet (1—100 pmol+L~') had
no significant effect on the NE-induced [Ca®t ],
elevation with extracellular Ca®t free, while Tet
30 and 100 pmol + L™ " inhibited the NE-induced
[Cat* ] elevation with extracellular Ca*t by 29 %%
and 43 %, respectively (Tab 2).

Tab 2. Effects of Tet on norepinephrine (10 pmel
‘L7~ CaCl14 5 mmeol - L ')-, OQuabain (1 pmol L'}
induced [Ca*" | elevation in cultured rat myocardial cells.
n=8§, its °“P<0.05, *P<C0.01 vs conirel.

Control [(Ca** 1/ Tet /umal«L"!

ool mol.L' 1 10 30 100
NE 294410 290-+12 283+12 23849 211413
CaCl, 285+8 271419 189+ 1C° 171+14° 160+ 10°

Ouabain 1998 189114 167+ 10" 177+10° 166+ 10°

High exiracellular Ca*' -induced [Ca*" |; ele-
vation When the extracellular Ca‘™ was 5 mmol
* L.7Y, the [Ca® ], was increased by 217 4.
Preincubation with Tet, 10, 30, and 100 pmol
+L ! depressed the [Ca‘t ], elevation by 49 U7,
58 %, and 64 L. respectively (Tab 2).

Ouabain-induced [ Ca®' ], elevation Qua 1
pmol + L7 caused a rapid increase in [Ca®* ] by
131 %¢. With prior addition of Tet 10, 30, and
100 pmol « L. ', the Ounabain (1 pmol « L7'3-
induced [Ca** |, elevation was inhibited by 19 %,
28 %, and 29 %, respectively (Tab 22,

DISCUSSION

In this work. we have demonstrated the ef-
fects of Tet in cultured rat single myocardial cells
using Fura-2 and AR-CM-MIC cation measure-
ment system. As one of the improved Ca®*-
sensitive flurorescent indicator, Fura-2 promises
to expand the role of changes in cytosolic free
AR-CM-MIC

cation measurment System provides the non-

Ca‘* underlying cell funetion.

imaging capability to measure the changes of
cytosolic free Ca?t in single cell guantitatively.
QOur study showed that Tet had no effect on
the resting [Ca®" ], in myocardial cells. The
Ca®™ channel blockers, such as verapamil, did not
membane permeability to

alter the plasma
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Ca’* "' Tet was similar o that of verapamil.

In this paper. we have utilized several differ-
ent approaches to increase the [Ca®*t],. This in-
cluded (1) KCl-induced [Ca®* ], elevation wvia
membrane depolarization which opened the volt-
age-dependent Ca®** channel (VOC?,
epinephrine-induced [Ca’* ], elevation via nor-

(2% nor-

epinephrine sensitive receptor-operated Ca®*
channel (ROC) and norepinephrine sensitive Ca®™*
store in endoplasimic reticulum in the presence of
extracellular Ca** ([Ca®* ],). without [Ca®* ],
the [Ca®" ] increase only depended the lat-
-l (33 high CaCli-induced [Ca®” ], eleva-
tion via the increase of chemical permeability or
“ 0 {4) Quabain-
induced [Ca®* ] elevation via blockade effects on
Na®,
Na*-Ca’" exchanges

The results showed that (1) the inhibiting
effects of Teton KCl-induced [Ca** ], elevation in

a concentration-dependent manner accounted for

ter
VOC or other non-specific way

K*-ATFase and {ollowing increment in
141

its VOC blockade effects in myocardial cells. and
this was quite identical with the reference'”,
(2) The only depressing effects of Tet on nor-
epinephrine-induced [Ca®* ], elevation in the pre-
sent [Ca®" ], suggested its inhibition by interfer-
ing with the Ca® entry but without effect on
Ca2+
epinephrine-induced [ Ca?t ], elevation requires
(3) Tet depressing the high

Ca’**-induced [Ca®*t ], elevation further accounted

store. The mechanism for Tet on nor-

further exploration.

for its inhibition by interfering with the Ca®' en-
try, whether it was in specific manner or not re-
{43 The inhibiting effects of Tet
on ouabain-induced [Ca®* ], elevation well demon-

mains unclear,
strated its antagonism on cuabain. This may be
one of its pharmacologic mechanism on heart
cells.

As the results have shown above. Tet does
have noticeable effects on myocardial cells. In-
deed. we have confirmed that Tet interfered the
Ca** entry via L-1ype VOC. the
inhibitory effects of Tet cn Ca®t chanpels in rat

However.,

myoccardial cells appeared to be pon-selective.
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Suberogorgin vs N-cyclohexyl suberogorgamide effects
on urine. respiration., and bleod pressure in rat and cat

PENG Wen-Duo. XU Shi-Bo (Pharmacology Laboratory, Department of Biology.

Sun Yar-Sen University, Guangzhou 510275, China)
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AIM: To compare the pharmacological actions of
suberogorgin (Sub) and N-cyclohexyl subero-
gorgamide (N-CS), METHODS:; Urine was col-
lected from rats and anesthetized cats which had
been loaded with water. The concentrations of
MNa* and K™ in urine were determined in ICAP-
9000 atomic emission spectrometry. An equi-
toxic {1/50 LDy dose of Sub and N-CS was
used in cats. RESULTS: The cat urine was de-
creased by 63 % after iv Sub 0.4 mg-kg™', but
increased by 25 % after iv N-CS 1.5 mg-kg '
lasting at least 9 h. Sub and N-CS increased the
respiratory rate and tidal volume, but did not
change the blood pressure. The rat urine was
decreased by 48 % after ip Sub 1. 3 mg-kg ', but
increased by 14 %% after ip N-CS 3.2 mg-kg .
Sub and N-CS increased the concentrations of
Na* and K7 in rat urine. These effects lasted at
least 24 h. CONCLUSION: Sub is an ant-
diuretic, while N-CS is a diuretic drug.

Suberogorgin (Sub) was isclated from Gor-
goniae suberogorgia sp from South China Sea.
with iv LDy, of 22. 84+ 1.8 mg-kg ' in mice'”. It
inhibited acetylcholinesterase {AChE)'. N-Cy-
clohexyl suberogorgamide (N-CS) showed a very
weak inhibition on AChE, but a diuretic action

was accidentally observed. In this study. the ei-
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fects of Sub and N-CS on urine,
blood pressure in rats and anesthetized cats were

respiration and

compared.

Sub N-CS
MATERIALS AND METHODS

Sub was isolated by Department of Chemistry. Sun
Yat-Sen University; N-CS was synthesized in our labora-
tory. Both were spectrum pure.

Sprague Dawley rats tn=—15} weighing 280+s 15 g«
bred in our laboratory. were fasted in metabolic cages for
18 h. Then, they were given ig with water 30 mLskg™?,
and the wurine recorded in 2 h was 11. 4— 13. 5 mL +kg™".
The rats were normally raised for 1 d and then fasted for
18 h. After that, they were injected ip with Sub or A'-CS
! Their
urine volume in 24 h was recorded, The concentrations of
Ma' and K in urine were determined in ICAP-9000 atom-

ic emission spectrometry after the urine was digested with

5 mL+kg™', and given ig with water 25 mlL+kg™'.

nitric acid™'.
Cats tn=23). 1. weighing 3.5 &5 0.4 kg, were
anesthetized with sodium pentcbarbital 30 mg » kg™

MaCl 0.15 mol L 7" solution was injected gtt into saphe-

—1 1

nous vein at 0. 34 mL+kg ' +min™'. Urine was collected
by bladder intubarions. The urine in 10 min was recorded
for 9 h. Respiration was recorded with respiratory belts.

Tidel volume (V,), calculated with square-method, time
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