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Effects of berbamine on contraction and Ca®" influx of pig basilar artery'

LI Bai-Yan. ZHANG Yong—Chun. LI Wen—Han
{Department of Pharmacology, Harbin Medical University, Harbin 150086, China)

ABSTRACT  Effects of berbamine (Ber} on KCl—
and 5—HT—-induced contraction of basilar artery (BA)
of pigs were studied v virro. Ber relaxed markedly
KCl~induced contraction of BA (ICy= 4.63 pmaol
- L77) and its effect was antagonized by increasing the
concentration of extracellular Ca?*; Ber inhibited
S5~HT—-induced contraction of BA. showing signifi-
cant inhibition of sustained tonic contraction (STC)
(ICs4= 0.64 umol - L") whereas the initial fast phasic
contraction (FPC) was relatively unaffected (IC,;=
19.8 umol - L™"); the S—HT—induced contraction of
BA was dependent on the concentration of
extracellular Ca?*, expecially STC. The results of
Ca® withdrawal and replacement indicated that STC
was due to S—-HT—stimulated Ca®™ influx. while
5~HT-induced release of intracellular Ca** resulted
in FPC. Ber 0.8 umol- L' produced markedly
inhibitory effect on Ca® influx induced by 5-HT
(P <0.01). The effects of Ber were similar to those of
nmimodipine (Nim). The present results suggested that
Ber has antagonistic effect on the potential sensitive
channels (PSC) and the receptor operated channels
(ROC}.
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Calcium antagonists have been found to
be potent inhibitors of vasospasm. both in
coronary'? and cerebral circulation™. Pre-
vious researches indicated that Ber, a
dibenzylisoquinoline alkaloid derived from
Berberis vulgaris L, like verapamil (Ver) and
tetrandrine, showed noncompetitive calcium
antagonist activity on isclated myocardial and
vascular preparations. Besides hypotensive'®

and antiarthythmic action, Ber possessed
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inhibitory effects on potassium~induced
contraction of isolated coronary artery™.
aorta®, and renal artery”’ in pigs and rab-
bits, and also had protective actions in several
animal models of myocardial and cerebral
ischemia® ™. About the direct effects of Ber
on isolated cerebral vessels have not been seen
reported. To investigate the effects and
mechanisms of Ber om cerebral wvascular
smooth muscle, we analvzed the effects of Ber
on KCl- and 5-HT-induced contraciions of

isolated pig BA.
MATERIALS AND METHODS

The pig BA were removed carefully and immedi-
ately from the underside of brain and disected free
from connective tissue and fitted by two stainless steel
holders by the method of Towart"”. The vessels im-
mediately were suspended in 20 ml organ bath con-
taining oxygenated Krebs—Henseleit solution (compo-
sition (mmol -+ L7"): NaCl 119: KCI 4.8; CaCl,
2.5, KH,PO, 1.2: MgSQ,  H,0 1.4; NaHCQ,
25, glucose 11; Na,EDTA 134 uymol - L") at 37+
1T aerated with 95% O,+ 5% CQ, The pH of the
solution was 7.2—7.4. All the reagents were AR. The
tension of the vessels was measured isometrically with
LW-10 force—displacement transducer (Instrument
Factory of Shanghai. China} connected to R—112 la-
boratory recorder (Shimadzu Corporation, Tokyo.
Japan). The resting tension was adjusted to 600 mg.
After | h equilibration. concentration response
curves to KCl and to 5~HT were obtained.

Ber crystals. provided by the Institute of Applied
Ecology of Chinese Academy, were dissolved in 1%
distilled water before use, pH 35.3-54. 35—HT
(Sigma, US) and Nim (Xinhua Pharmaceutical Fac-
tory of Ji—nan. China} were dissoved in distilled wat-
er to a concentration of 0.01%. EDTA (5 ug + L™
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was added routinely to Krebs—Henseleit as an
antioxidant.

Depolarization—induced contractions were ob-
tained by adding KCl 10 the bath to get a final concen-
tration of 60 mmol - L™'. After the contractions had
stabilized. Ber or Nim was added cumulatively.

The contraction induced by addition of 5-HT (fi-
nal concentration = 2.24 pmol * 1.7") to the bath for 4
min. a period of 20 min was allowed for washing.
The calcium withdrawal experiments were performed
in order to further study the inhibitory effect of Ber on
calcium influx. Vessels were incubated for 12 min in
calcium—free selution. The addition of 5—HT 0.24
amol - L7
but subsequent replacement of calcium 2.5 umol

- L' as CaCl, resulted in sustained coniractions.
The calcium withdrawal and replacement in the ab-
sence of 5—HT produced only slight and transient in-
creases in tone. Thus, the sustained contractions ob-
tained by calcium replacemem in the presence of
5-HT may be due to S—HT—stimulated calcium
influx.

produced only tramsiemt contractions,

Experimental data were expressed as x * s
Comparisions of the results were made using Student’s
¢ test. Fifty percent .inhibitory concentration (ICg)
value was calculated from dose—eflect curves.

RESULTS

K'—Depolarization  Increase of K
concentration to 60 mmol - L' produced
immediate contractions in basilar arteries of
pig. Cumulztive addition of Ber of Nim
‘thereafter relaxed the vessels dose—
dependently, and this effect of Ber or Nim
could partly be reversed by increasing the con-
centration of extracellular Ca>* (Fig 1, Tab 1).

5—HT—induced contraction Addition of
5—HT 0.24 umol - L™' to the organ bath
caused immediate contraction of the basilar
artery. In these experiments, Iwo compo-
nents of contraction, the initial FPC and fol-
lowed by the STC could be distinguished by a
steep rise in tension. sometimes there was

Mimodipine / gmol - L'
0.0024 ¢ 934

Call,
024 50 mmol « L™

1Cg= 0.12 ymol - L™

% Berbamine / ymol s L
.16
201 B * O;B 1.6

ICy= 4.63 ymol - L™ 12

a —_—

Fig 1. Potassium depolarization {addition of KC| &,
total K' concentration = &0 mmol -+ L™) contracted
basilar artery rings of pig. The cumulative addition
(@) of berbamine or nimodipine relaxed this vessel
completely: (4) CaCl, 20 mmol - L™

Tab 1. Effects of berbamine and nimodipine on isolated

pig basilar artery comtracted with K* (60 mmol
‘L™ xts
Berbamine Nimodipiae

(8 pmol - L") (0.24 yumol - L)
Pigs 7 &
Contraction
induced by K* / g 1.32£0.35 1.28+0.39
Maximal 1.23£0.32 1.18+0.30
}%ax?tion ;B (93%) (92%)

50

ymol - L7 4.63 0.012

a transient relaxation after FPC. with a sub-
sequent slow rise in tension to a sustained pla-
teau (Fig 2).

The results showed that Ber and Nim in
concentration up to 16 gmol - L™ and 0.24
pmol - L' had an inhibitory effect on the
FPC. with 1C,= 19.8 and 0.3 gmel - L',
while Ber and Nim in lower concentration
(0.16 and 0.0024 gmol - L™, respectively) in-
hibited significantly the STC, IC,;= 0.64 and
0.0022 umol - L' (Fig 2). 5—HT 0.24 umol

L™ induced immediate contractions of
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BA. after washing with culcrum—tree solution
and incubation for 30 nun. the S—-HT-n-
duced contractions of BA  was  deluaved
time—dependently. and STC reduced more
markedly than FPC did (Fig 3).
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Fig 2. Effects of Berand Nim ( ) on 5HT-in
duced contractioms of BA. (A&) addition of 5—HT
0.24 umod - L''; (/) washing,
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Fig 3. Effects of calcium withdrawal on S—HT—in-
duced contractions of BA. (4A) S5-HT 0.24 umol
L7 {A) ‘washing,

5 HT-stimulated caicium influx The
calcium withdrawal and replacement experi-
ments were carried out to distinguish the ef-
fects of 5—HT-induced the release of intra—
cellular Ca* from 5—HT—stimulated calcium
influx. Under the condition of normal

Krebs—Henseleit solution containing CaCl.

Z.immol L7 the wetine tenswn of BA were
found. However. atier exposure to 3—-HT
0.24 pmol - U7 in caleium—free solution.
the replucement of 2.3 mmol - L™ CaCl, re-
sulied in sustmined and reproducible contiae-
tions of BA (Fig 4). Ber 0. umol- L'

showed its inhibitory etfect on the contractions
induced by S-HT-stimulated calcium influx in
BA. but revealed no effect on the contrac-
tions caused by S5—-HT-induced release of
intracellular Ca™ (Fig 5).
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Fig4. 5—HT-induced the release of intracellular Ca®*
and Ca®* influx. (&) 5-HT 0.24 umol - L7,
(") washing. (%) CaCl, 25mmol L7,

DISCUSSION

The previous studies indicated that Ber
and verapamil (Ver) relaxed markedly K*~
induced contractions of coronary artery®®,
aorta®™, and renal artery'”, suggesting that
Ber, like Ver, could block the PSC and de-
crease the Ca®* influx. The present study
proved that the effect of Ber on K —induced
contraction in BA was similar to that of Ver in
peripheral blood vessels and showed that Ber
was more selective in cerebral than in
peripheral blood vessels® ™. Besides PSC,
the receptor operated channeils {ROC) have
been found in cell membrane of wvascular
smooth muscle’”, and could be activated
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Fig 5. Effects of Ber on 5—HT—induced Ca?* influx in
BA. (A) 5HT 024 ol - L' () washing,
{{) Ber, and (1) CaCl, 2.5mmol - L.

by noradrenaline (NA), meanwhile, NA also
increased the release of intracellular Ca®*, Ver
inhibited NA—induced not only Ca®" influx
through ROC but also the release of
intracellular Ca®*, while Ber had only the
inhibitory effect on NA—induced release of
intracellulai  Ca®  in peripheral blood
vessels®”. In the present experiments, 5—
HT-induced contraction of BA consisted of
two components, 'FPC, and STC., and the
result of Ca* withdrawal and replacement
indicated that FPC and STC resulted from the
5-HT-induced the release of intracellular
Ca?" and Ca?" influx via ROC, respectively,
5—HT-induced contraction of BA, especially
in STC, was depended on extracellular Ca?*

(Fig 3B and 4). These results were consistent
with those of the previous report™®. Our re-

searches also showed that STC was sensitive to
Ber and Nim, however, FPC was relatively
unaffected, suggesting that Ber inhibited
5—HT-induced Ca’" influx. but exhitited no
effect on the release of intracellular Ca®*, and
this result was different from that of the effect
of Ber on NA—induced the contraction in
peripheral blood vessels®",

In conclusion, the effect of Ber on BA
was similar to, but weaker than that of Nim.
Ber relaxed both K'™— and $—HT—induced
contraction of isolated pig BA, but did not
affect the contraction by 5S—~HT—induced the
release of intracellular Ca** in the same prep-
arations. suggesting that the mechanisms of
Ber in cerebral vessel were not completely the
same as in periphral blood vessels. The pres-
ent result also showed that the selective
inhibitory effect of Ber on STC of BA was due
10 the selective blockade of Ca** influx
through ROC, but not to the antagonism at
5—HT receptor level.
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Reversal of doxorubicin resistance by tetrandrine

in Chinese hamster ovary cell line’

HE Qi-Yang’, JIANG Bing. ZHANG Hong—Qing, XUE Shao—Bai
{Department of Biology, Beijing Normal University, Beijing 100875, China)

ABSTRACT Tetrandrine (Tet) 0.5 pg - ml™' and 1
pg- ml”'  potentiated 2.83— and 4.3-fold
growth—inhibitory effects of doxorubicin (Dox) in
Chinese hamster ovary cell line (CHO), respec—
tively, while Tet 1 ug - ml™' and 2.5 pg- mi™'

potentiated 7.3— and 8.4—fold in its resistant cell line
(CHO / Dox)., respectively. The colony—forming ef-
ficiencies were reduced in CHO and CHO / Dox when
the cells were treated with noncytotoxic doses of Tet
25ug  ml™' and 5 ug- ml™' in combination with

Received 1991-07-31 Accepted 1992-06—19

! Project supported by the National Natural Science Foun-
dation of China, M 388002

® Now in Naval Medical Research institute,
200433, China.

Shanghai

different concentration of Dox. Increase in accumula-
tion of Deox in CHO/Dox cells was shown by
fluorometry. The result indicated that Tet reversed
the resistance to Dox in CHO / Dox cells.

KEY WORDS tetrandrine; doxorubicin, drug re-
sistance. ovary: transformed cell line; cricetulus

Drug resistant tumor cells are refractory
to chemotherapy. Since the discovery of re-
versal of drug resistance in tumor cells by
calcium antagonists and calmodulin inhi—
bitors'"?, a promising avenue to overcome
drug resistance has been unfolded. Tetran—

drine (Tet), a bisbenzylisoquinoline aikaloid
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