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M: To observe the effects of methylflavonola-
e (MFA) on free intracellular calcium
wentration ([ Ca®™ 1) of isolated embryonic rat
in cells in presence and absence of high
reelllar  potassium  and L -glitamate.
THODS: [Ca’* ], was measured in a spectro-
photometer by preloading the cells with
ium sensitive fluorescent indicator Fura 2-AM.
LTS Resting [ Ca?* ], was 197 £ 20 nmol
'(n=44) in the presence of Ca?* 1.3 mmol

rd 1995-07-17 Accepted 1996-03-21

L~ "in Hanks’ solution. MFA 0.15 mmol:L ™' had
no effect on the resting [ Ca?* 1,. When
extracellular Ca?* was 1.3 mmol‘L™"', MFA (0.03
— 0.3 mmol + L™') concentration-dependently
inhibited the [Ca’" ], elevation induced by high
extracellular potassium, with an IC;y vaiue of 0. 14
(95 % confidence limits: 0.05—0.42) mmol-L~".
At higher concentration (0.15—0.30 mmol-L™"),
MFA decreased L -glutamate-induced [ Ca?* ]
elevation, with an IC;; of 0.20 (95 % confidence
limits: 0.01—3.40) mmol- L™'. CONCLUSION:
MFA inhibited Ca?* influx through voltage-
dependent calcium channe!l and, at higher
concentration, through receptor-operated calcium
channel in the embryonic rat brain cells.
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Methylflavonolamine { MFA) inhibits throm-

()

bus formation in rats and rabbits in vitro*’ and

contractions induced by noradrenaline, calcium, and
potassiumm in rabbit aortic strips[2J and ileum® .
These MFA  suggest a

antagonism.  But its direct actions on free

actions of calcium
intracellular calcium ([ Ca®*" ];) have not been
reported. In this study, we observe the effect of
MFA on [Ca®* ], in isolated embryonic rat brain

cells.

MATERIALS AND METHODS

MFA, a white powder which was odorless, bitterish,
and soluble in water, alcohol, ethyl ether and Me; SO, was
synthesized by Shanghai Institute of Pharmaceutical Industry.
Fura 2-AM was product
of Institute of Materia Medica, Chinese Academy of Medical

It was dissolved in ion-free water.

Sciences. Flunarizine (Flu) was a product of Xi-an Janssen
Pharmaceutical Ltd. L-Glutamic acid (Glu) was a Sigma
prodtict. KCl and MgCl, were products of Beijing Chemical
Factory, their purities are over 98 % . Other chemicals were AR.

CH3\
CHNHCH,CHCH,0
CH, P i ’)
OH

Methyflavonolamine ( M, 367)

Brain cells were isolated from embryonic rafs (gestation
15— 18 d) according to the method of reference® with some
modifications. The isolated brain was rinsed with ice-cold
Hanks’ solution, pH 7.4, containing (mmol- L™ 1) NaCl
137, KCl 5.0, MgSO,+7H;0 0.8, Na,HPO, 0.6, KH,PO,
0.4, NaHCO; 3.0, glucose 5.6, and HEPES 10.0. Vessels
and meninges were removed. Following a wash step with
Hanks’ solution, the brain was gently triturated with a
polished pipette. The braincells were filtered through nylon
mesh (200 mesh, hole size 95 pm) and collected in a flask.
Cells were centrifuged at 300 X g for 5 min twice. The cells
were resuspended in warm Hanks' solution (pH 7.4, 37 T).
An aliquot of cell suspensions was taken, trypan blue staining
consistently showed-90 % — 95 % cellular viability rates.
The cell suspension was diluted to 10° cells* L ™! with Hanks’
solution and shaken at 37 C for 5 min. Fura 2-AM 5 pmol
‘L"! in Me;SO was added to one aliquot of cell suspension

and the same volume of Me, SO was added to the other aliquot

as control. The cell suspensions were shaken at 37 T for 45
min. The Fura-2-loaded cells and control cells were
centrifuged at 300 X g for 5 min twice. The cells were
resuspended in warm Hanks' solution containing 0.2 %

bovine serum albumin, to 10° cells*1.”! and were incubated at

37 C for 2 — 3 min prior to measurement.

A RF-540 spectrofluorophotometer (Shimadzu) was us
for fluorescence determinations (A.,: 340 nm, A.,: 490 nm)
[Ca?" ]; was calculated with K 4 of 224 nmol-L " 1®: [Ca*
=Ky X (F= Fpn)/(Fpu — F).
(Fou) was determined by final concentration of 0.1
Triton X-100 added. The minimal fluorescence (F,;,) w
determined by using final concentration of egtazic acid 8 mm:
L™ '(pH>8.5) to deplete calcium.
detemined on control cells without Fura 2-AM.

Statistical analysis of change in [Ca?* ]; was determins
by t-test or ANOVA. 1Cs, was calculated by ling

regression analysis after variable transformation.

The maximal fluorescen

Autofluorescence w

RESULTS

After Fura-2 loading, the peak of excitati
spectrum in isolated rat brain cells was shifted
340 nm. When addition of Triton X-100 (final cor
centration 0.1 %) to lyse cells, the spectrum ped
in 340 nm increased. By addition of egtazic a
(final concentration 8 mmol+L ™!, pH>8.5), t
spectrum of Fura-2 revealed a peak at 370 — 380. nm.

MFA on resting [Ca?* l;  The resting [Cap}i
was 197 + 20 nmol*L " !(n = 44) in Hanks’ solutil
with Ca?* 1.3 mmol - L™, [Ca®* ], were §
+11.3, 108 = 10.3, 136 + 11.5, 145 £ 114
(nmol* L) in the presence of extracellular Ca*
0, 0.01, 0.1, 1.0 mmol - L7, respectivly
Preincubated with MFA 0.15 mmol:L ! in Hanl
solution for 10 min, MFA did not cause a signifi

change in [Ca%* ],. | .

MFA on KCl-induced [ Ca’* ]; changes
Addition of KCI 25, 50, and 75 mol* L™ in
suspensions containing Ca’* 1.3 mmol * L’
[ Ca®* ], increased

The net increases of [ Ca®" ] w

1

rapidly and concentratio
dependently.
87 + 8, 260 + 23, and 320 * 25 nmol - L]
respectively. MFA (0.03 — 0.3 mmol * I3
inhibited the KCl (50 mmol* L™ *)-induced [Cé
elevation by 12 %, 30 %, 38 %, 58 %, and 87}
respectively, with an IC5;0f 0.14 (95 % confid
limits: 0.05-0.42) mmol- L™},
channel  antago

The competif
voltage-dependent  calcium
Flunarizine (Flu) was tested as positive cont
ANOVA showed a significant concentrati
dependent inhibition by MFA or Flu on KCl-indu

[Ca®* ]; elevation (Fig 1A).
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1. Effects of methylflavonolamine ( MFA O ),
muizine (A: Flu @) and MgCL (B: @) on the increase
[free intracellular calciom in isolated brain cells of
thryonic rats. n =5 — 7 cell suspensions {each was pooled
mn 10 embryonic rats and assayed in triplicate).

1'2<0.05, P <0.01 vs KCI (50 mmol«L™")-induced
mp. B)*P<0.05, 'P<0.01 vs Gln (100 mol+L™)-
dited groop.

MFA on Glu-induced changes of [Ca’™ ],
Gh 100, 200, and 300 pmol * L™ increased
W], 241 + 30, 330 + 30, and 367 * 38 nmol
Addition of MFA 0.1 mmol
| prior to L-Glu had no significant effect on the
¢of [C2" 1. MFA 0.15 - 0.3 mmol - L™!
tuated Glu (100 pmol* L™!)-induced elevation
"1, by 19 %, 49 %, and 77 %, respec-
Wy, with an [Czy of 0.20 ( 95 % confidence
ts: 0.01 -~ 3.40) mmol:L™*. The N-methyl-
loparate ( NMDA ) receptor antagonist MgCl,
ANOVA
wentration-dependent inhibition on Glu-induced
(], elevation by MFA or MgCl, (Fig 1B).

1"y respectively.

% tested as control. showed a

I5CUSSION

[lated brain cells are simple materials for the

experiment, but lower cellular viability rate and the
leak of Fura 2-AM are the shortcoming of the
method, so we used trypan blue staining all through
experiment to examine cellular viability and added
bovine serum albumin in Hanks’. solution to inhibit
leak of fluorescent indicator.

The resting [ Ca®* ], value in our study is closed
to the reported value of [ Ca®* ], in isolated newborn
rat brain cells'”?, and also in the range of value for

(6

[Ca?* ); in neurons'®. The result is a good

evidence that calcium homeostatic, cellular
structural and functional integrity are well preserved
in isolated embryonic rat brain cells. Qur results
suggest that MFA has no apparent effect on passive
diffusible flux of Ca?" through the resting cytosolic
The effect of MFA on
resting [ Ca®* ], was similar to those of verapamil

and diltiazemn® .

membrane in rat brain cells.

Raising  extracellular  potassium  caused
depolarization of membrane to a certain extent
which opened voltage dependent calcium channel
(VDC). We found that various levels of KCI-
induced [Ca®" ], increased rapidly, the response is
closed to that of newborn rat brain cells'”’, but
weaker than that of synapsomes'® . The difference
attributed to regulation ability of
MFA inhibited KCl-induced [ Ca®* ],
elevation, it is inferred that MFA decreased the
[Ca®* ], elevation through blocking VDC in brain
cells of rats.
With regard to L-Glu-induced [ Ca®" ]; change

in brain cells, there has been a general agreement

may be

membrane.

Glu-sensitive
(10)

reached by the observation that
receptor operated calcium channel in nerve cells
Glu caused [ Ca?" ], elevation significantly in our
study, the response is similar to that reportedm]A
The inhibitory  effect of MFA on Glu-induced
[Ca®* ], elevation was less potent than on the KCI-
induced. Although there are different subtypes of
Glu-sensitive ROC, the effect of NMDA-type ROC
on Glu-induced [Ca%* ], elevation is critical 1? .
Since the activation of NMDA-type ROC relies on
membrane depolarization, the inhibitory effect of
MFA on Glu-induced [ Ca®* ]; elevation is directly
through ROC or indirectly through VDC.

Loss of calcium hemeostasis was responsible for
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the ischemia reperfusion injury®® . The inhibitory
effects of MFA on VDC and/or ROC in brain cells
may contributed to its protective effects on cerebral
ischemia reperfusion injury. In conclusion, our
study showed that MFA inhibited [Ca?” ]; elevation
induced by KCl and Glu directly in brain cells of
The effects are basis of its
pharmacologic action.

embryonic rats.
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