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Antagonistic effects of berbamine on [ Ca?* ]; mobilization
by KCl, norepinephrine, and caffeine

in newborn rat cardiomyocytes!
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ABSTRACT

AIM.: To study the effects of berbamine { Ber) on
intracellular calcium concentration ([ Ca®* ],) mobilized
by KCl depolarization, norepinephrine ( NE}. and
caffeine. METHODS: [Ca’* ]; was measured with
fluorescent intensity (FI) by confocal microscope in
single cultured cardiomyocytes of newborn rats loaded
with Fluo 3-AM 2 pmol-L!. RESULTS: FI value
of [Ca’* ], in control level was 248 + 70 in the presence
of extracellular calcium 1.5 mmol - L™ and was not
changed by Ber 3 =30 pmol-L~!. KCl {60 mmoi-
L™')- and NE {30 pmol - L~!)-induced [ Ca?* ],
mobilizations were inhibited { P < 0.01) by Ber 30
pamol L™t similar to that of verapamil (Ver). The
inhibitory effect of Ber on [Ca** ], induced by KCl was
further increased ( P <0.03) in the presence of egtazic
acid 3 mmol-L~!, but that on [Ca?* ], induced by NE
was not changed. The [Ca’* ]; mobilized by caffeine
80 and 160 pmol- L' in D-Hanks' solution was not
affected { P > 0.05) by Ber and Ver. CONCLU-
SION: Ber possessed the antagonistic effects on
[Ca®* ], increases via voltage-dependent Ca®* chamnel
and receptor-operated Ca®* channel in newbom rat
cardiomyocytes. but without effect on intracellular
Ca’* release.
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INTRODUCTION

Berbamine { Ber}, a natural dibenzylisoquinoline
alkaloid derived from Berberis vulgaris L, showed a
noncompetitive calcium  antagonism like verapamil
{Ver) and tetrandrine on isolated myocardial and
vascular preparations in animal'’?' and human‘'®',
Ber alsc showed the pharmmacological effects of anti-
hypertension'®’, antiarrhythmial®', and the protective
effects in animal models of myocardja]['f"sj and
cerebral'®™ ischemia. Ber inhibited both voltage-
dependent calcium chamnel and  receptor-operated
calcium channel’',  To further demonstrate the anti-
calcium mechanisms. the effects of Ber on intracellular
calcium elevated by KC1 depolarization, norepinephrine
(NE). and caffeine were investigated ''.

MATERIALS AND METHODS

Agents  Ber crystals were provided by the
Institute of Applied Ecology of Chinese Academy of
Sciences and dissolved in stock solution with distilled
water, pH 5.3 = 5.4 at 22 T. Ver (Orion Pharm)
was dissolved with PBS before use. Fluo 3-AM
(Molecular Probes, Bugene OR, USA) was dissolved
in Me,SO 1 g-L~'{ Sigma) and stored at — 20 C.
Piuronic F-127, HEPES (4-{ 2-Hydroxyethy] )-1-piper-
razineethane-sulfonic acid), caffeine, and egtazic acid
(EGTA) were purchased from Sigma Co.

Preparation of cultured cardiomyocytes
The hearts of 3-d Wistar rats provided by Experimental
Animal Center of Harbin Medical University { Grade 11,
Certificate No 0921) were cut into small pieces and
digested into cell suspension by 0.2 % collagenase.
The single cardiomyocyte was cobtained from
centrifugation, resuspended in RPMI-1640 containing
20 % fetal calf seam { FCS). and reached for about
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W) G after repeated purification. The cell suspension
was adjusted into 3 x 107 cells*L™! and plated on 25-
™ 1wound coversliip on the bottom of f-well multidish
in COs incubator for 48 h,

Fluo 3-AM loading Coverslip with cultured
cardiomyocytes were rinsed twice with calcium-free
PBS. and loaded in Fluo 3-AM 2 ymol-L~! working
solution containing 0.03 % Pluronic F-127 at 37 T for
40 - 60 nun, and washed again with Hanks’ solution
{ containing CaCla 1.5 mmol - L'} to remove the
extracellular Fluo 3-AM.

Measurement of [ Ca* ]; After Fluo 3-AM
loading, the coverslip was mounted in the Auttofloul®
cell chamber ( Molecular Probes, Eugene OR, USA)
with 200 or 240 pL. Hanks' solution. The fluorescent
intensity ( F1) was detected by confocal microscope
{Insight Plus-1Q, MI, Merdian, USA) and inverted
microscope { IMT-II, Olympus, Japan ! with 40 x
objective and 488 nm blue laser for excitation and 530
nm for emission at 22 C. Stimulating agents 40 pL
were added to the preparation betwesn 2nd and 3rd
scans.  Total 24 - 30 images were scanned with each
experiment and the data were stored in disk.

Statistic analysis Data were expressed as
x = 5 and compared by t-test,

RESULTS

Effect of Ber on [ Ca’* ], induced by KC1
KC1 60 mmol -L~" induced [ Ca®* |, increase in single
cultured cardioniyocyte { Fig 1}.

The peak level of F1 was reached at (23 £ 7) s,
Afier the preincubation of Ber 3, 10, and 30 pmol
L~! for 10 min, the control level of [ Ca** ], was not
changed. [Ca'* ], increase indwed by KCl was
decreased by Ber 30 pmol-L~! and Ver 10 pmol-L",
In the presence of egtazic acid 3 mmol -+ L™, the
inhibitory effect was further increased. The time to
peak was prolonged by Ber 30 pmol L ~" and Ver 10
umol-L™'(Tab 1). This inhibitory effect of Ber or
Ver ont Fl was attenuated io 522+ 61 of 3¥M 277 { P <
10.01. n=9-14 } by the addition of CaCl, 30 mmol-
Lt

Effect of Ber on [Ca®* ], induced by NE In
cultured cardionmtyocyte, NE 30 upmol - L™! elevated
[Ca’* ', concentration-dependently, [ Ca'* |, increase

by NE 30 pmol - L' was inhibited by Ber 30 pmol -
L 'and Ver 10 umol-L™'( P <0.01}, even in the
presence of EGTA 3 mmol-L™ !, the inhibitory effect
of Ber or Ver was not changed ( P >0.05, Tab 1).

Tab 1. Effects of Ber 30 pmol-L~-*, Ver 10 pmol-L-!,
and egtazic acid (EGTA) 3 mmoal - L™! on [Ca* ]
elevation by KCl 60 mmoal-L~" and NE 30 nmnol+L~%in
cultured single cardiemyocytes, respectively. [Ca®* J;
change was represented by fluorescent intensity {FI).
n=6-14 cells from 32 newborn rats for KCl group and
5-17 cells from 29 newbormn rats. X+ 5.

‘P<.01 vs control. P>0.05, P<0.01 vs K,
P>0.05, 'P<0.01 vs Ber, P>0.05, 'P<0.01 vs
Ver. "P>0.05, "P<0.01 vs NE.

[c2+ /| Time o
Grows % gl Peak peak/s
KCl1 14 248+ 70 Tol + 204° 237
Ber 14 213+36 327 +47 54% 17
Ver 9 21890 450+ 1000 422 11°
EGTA+Ber 10 223 + 468 211 + 53" 49 + 148
EGTA+Ver 6 250+ 77 204 + g3 46+ 15
NE 17 27«5l M2+73x 14x10
Ber 13 253 + 68™ 370+ 91° 39+12°
Ver T 423 314 + 66° 44 +13°
EGTA+Ber 14  218+3% 333 + 388 44 1%
FGTA+Ver 5 935+ 60 342 + BY 41 1P

Effect of Ber on [ Ca®* ]; induced by
caffeine In D-Hanks” solution, caffeine 80 and 160
pmol - L™1 increased [ C&* ]; in a concentration-
dependent manner, which was not influoenced ( P >
0.05) by Ber 30 pmol L' or Ver 10 pmol - L~
{Tab 2}.

DISCUSSION

In the present research, the effects of Ber on
[Ca?* |, mobilization in cultured cardiomyocytes loaded
with Fluo 3-AM were direcily investigated with confocal
mjcroscope, which is the most sensitive method to
detsct lower fluorescence, almost no damage effect on
living cell, and less light-bleaching to fluorescent
probe, the combination use of Fluo 3-AM with this
method made it more easy and possible to measure the
change of fluorescent intensity .

The results demonstrated that Ber had no effect on
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Tab 2. Effect of Ber 30 pmol-L™! or Ver 10 pmol-L ™!
on [Ca’* ], elevation in D-Hanks' solution by caffeine in
single cardiomyocyte of rats. [Ca’* ], change was
represetited by Fluorescent intensity (FI). n=17-21
cells from 16 newborn rats. % + 5.

PP <0.05, P <0.01 ps control. P >0.05 vs caffeine.

:Cuﬁ+ :,/FI T_
Groups  n Caffeine {pmol-L=1) p::na.i/t:
U B0 Jol
Control 21 223+ 57 MO+ 9T 364+ 45° 15+3
Ber 19 27e90! o429 3332930 13460
Ver 17 230+37  234+53° 371587 14249

comrol level of _Ca™* 1, but it could intibit the
calcium influx via blocking both voltage-dependent
calcium channel and receptor-operated calcium channel
as well because [ Ca®* ], mobilizations by high K*
depolarization and NE were significantly mhibited by
Ber, and this effect of Ber on [ Ca”* _, was similar to
that of Ver.

In addition, the tesults also showed that, like
Ver, Ber had no effect on the intracellular calcium
release from storage sites since caffeine-induced
“Ca* , elevation in D-Hanks'
decreased by Ber.  This action of Ber was accordant
with our previous e:;periment“r in which Ber only
inhibited the sustained contraction caused by calcium
mflux in solated basilar artery of pig by »erotonin, bui
without the effect on the transient contraction due to
calcium release. In the presence of BGTA 3 mmol -
L™', the effect of Ber on _Ca’t ], by KCl was
enhanced and that on [Ca’* _ by NE was not changed,
suggesting that NE also caused the [ Ca’* ]; release from
storage sites which was not inhibited by Ber,

In conclusion. Ber inhibited the caleium influx by
blocking voltage-dependemt  calcium  channel and
receptor-operated calcium channel without the effect on
calcium release in cullured cardiomyocytes.  Whether

solution was not

or mot Ber can be a calcium channe] blocker, calcium
current recording with patch-clamp technique will be
needed .
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