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AIM: To study 8-( N, N-Diethylamino }-n-octyl-
3,4,5-trimethoxybenzoate (TMB), a potent Ca®*-
antagonist, actions on cellular calcium dynamics in
vascular smooth muscle cell ( VSMC) cultures.
METHODS: A7r5 VSMC were cultured with Fura-
2 measurements of intracellular Ca®* concentration,
[Ca’* ].. RESULTS: TMB reduced [Cs®* ], from
control levels and blocked [Ca®* ], increase caused
by norepinephrine (NE) and 2, 5-di{ t-butyl)}-1, 4-
benzohydroquinone (BHQ). [Ca’* ], reduction by
TMB was further ephanced by ryanodine.
CONCLUSION: TMB is an effective agent for
blocking the [Ca®* ], incresse caused by NE and
BHQ and for enhancing the [ Ca’* ], reduction
caused by ryanodine.

w-{ N, N-Diethylamino }- n-alkyl-3.4, 5-trime-
thoxybenzoate compounds were found to protect/
reverse lschemic stroke in rats very effectively when
administered at —1, 0. I, 6, and 24 h after
These

inhibitory actions in skeletal, smooth, and cardiac

stroke!!-. compounds also  produced
muscle contractilities induced by various stimulating
agents, such as histamune, acetylcholine, nicotine,
KCl, BaCl,, and norepinephrine’” 7.  These
compounds increzse intracellular cAMP and reduce
intracellular free calcium CONCENTrations,
TCa 1R

Although  these compounds were found to
increase cAMP and 1o increase Ca'” binding 1o
isolated sarcoplasmic reticulum (SR in skeletal

b1.4]

R - 1
. it was not clear how the  Ca " ] wan

muscle .

reduced in the vascular smooth muscle { VSM)
which 12 critical for the treatment/preventcn of
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ischemic stroke.  These compounds can reduce

-

_Ca’? ] via increasing Ca’’ sequestration into SR
and decrease Ca-influx {rom the extracellular site.
However, whether the decreasing ol Ca-influx at
plasma membrane is due w direct blockade of Ca-
influx at plasma membrane or due to indirect action
of there compounds after saturation of SR by Ca

}_n.uﬂ

{ Puiney's capacitative mechanism

uncertain.  This study was to study the possible
mechanism of [ Ca* ], reducrion by 8-( N, N-
diethylamino } n-octyl-3, 4, 5-trimethoxybenzoate

{TMB)Y, the most potent compound ameng these

compounds.
UCLHL
CaH;., ?
/N —(CH)—0O—C CH,
Cal l§
OCH,

8-( N, N-Diethylaminn)-a-octyl-3 .4, 5-trimethuxybenznate
{TMB)

MATERIALS AND METHODS

Materials TMB and 2, 5-di [ ter-butyl ¥-1. 4-benzo-
hydroquinone {BHQ ) were purchased from Aldrich Chemical
Co { Milwaukee W1
and Fura 2-AM were obtamned from Sigma Chemical Co (St
Lows MO). Ryanodine was purchased from AgriSystems
{Wind Gap PA) .

ATrS VSMC were acquired from American Type Culture
Collection [ Rackyville MD ) Dulbecco’s madified Eagle's
medium [DMEM) and antihiotic-antimyeotic { benzylpenicillin

Murepinephrine bitarirate, nifedipine,

1O MU-L ™', streptonryein sulfate 10 g<L~}, amphotericin B
25mg-L ') were obtamed from Gibeo Lab | Grand Island
NYJ. Fetal bovine werom and its slbunun ( BSA) were
purchased {rm Sigma Chemical Co.

Cell Cultures
muecle-derived ATrS cells were grown in monolayers in 75 ot
flasks in DMEM containing NaHCO 3.7 g-L ™'+ 10 % fetal
bovine serum. henzylpenicillin 100 KU - L ', streptomycin
100 mg - L7, and amphotericin B ©¢.25 mg- L', The

Embryunie rat thuracic aorta smenth
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cultures were maintained at 37 T i a 100 % humidified arr
supplemented with 5 "% COy. The medunt was changed
every 2 — 3 d.  VSMC reached confluence in aboutr 6 d and
then passaged every 7 — 10 d. Expernmments were perfurmed
m passages 6 and 7.

Monalavers of confluent cells were treated with trypsin
and, subsequently, suspended in Hanks' buflered saline
containtng; NaCl 137, CaCl, 1.3, MgCl, 0.5, KC! 5.0,
dextrose 5.6, and HEPES 10 mmol - L™ " (pH 7.4) with
0.2 % farty acid-free BSA.
needed, Hanks' buffer was replaced with Ca-free and egtazic
acid 0.1 mmol-L ™! but., otherwise, was identical to Hanks'

When Ca-free solution was

solution. After weshing. cells were incubated in the Fura 2-
AM S pmol+ L™ " a1 37 T for 40 min with shaking. The
loaded cells were centrifuged at low speed for 5 mm and
washed twice with Hanks™ solution. Cells resuspended i
bufler were diluted with Hanks™ selution to approximately §
# 107 cells <L7!

prior o use, the cuvettes containing cell suspenstcn 2 mL

which were stored in ice. lmmediately
were preincubeted at 37 T for 5 min.

The fluorescence was derermined using a Perkin-Elmer
650-40 Fluorescence Spectrophotometer at A, 340 nm (5 nm
slits} and A, 485 nm (10 nm slits),
( Fru} was tecorded by the addition of CaCl, 2 mmol-L ™!
and 0.2 % Trion X-100. Minimal fluorescence { F,} was
determined by the addition of MnCl, 1 mmol-L7". [Ca’* ],
was calculated with the lermula:

[Ca’™ ],.=Kg{F - Fon )/ Fop — F)
where K is 224 nmol- L7 "MV TMB was added 30 min
before the fluorescence measurement, while NE, BHQ.

Maximal Muorescence

ryanodine, and nifedipine were added immediacely prior to the

fluorescence determinations.
RESULTS AND DISCUSSION

TMB compounds reduce [ Ca’® ], wia 2

mechanisms: {a) by blocking Ca-influx from the

1

exrracellular space and (b} by enhancing [Ca®™ ],
uptake into the SR or inhibiting Ca’* release from
the SR1*!.

In a Ca-free medium, A7r5 VSMC contained
174+ 11 nmol-L™ ' of [Ca®" ],. This was reduced
significantly by TMB 3, 10, and 30 pmol: L',
indicating that TMB may increase the [ Ca®* ]
uptake inro the SR to reduce [Ca”* ]. (Tab 1),

The same concentrations of TMB 3, 10 ymol
+L 7! also showed inhibitory effects on rubbit hasal
artery contraction induced by NE!2!

In a medium containing a normal concentration

of caleium A7r5, VSMC contained [Ca?* ], about

201 =9 nmel + L7'; however, they were not
significantly affected by TMB {30 pmol - L7')
(Tab 1%. It iz possible thar the uptake of
intracellular Ca®* by the SR is compensated by the
influx of Ca’>” from etracellular site to make up the
reduced [Ca’" ],. These results suggest thar TMB
acts primarily in the intracellular site to enhance
Ca®* uptake by the SR but not the blockade of Ca-

influx from the extracellular site.

Tah1. [Ca®" ],(nmel-L™'} of VSM in TMB. x % 5.

YP<0.05 vs O pmol-L71.

_ Ca-free medium  Normal Ca medium
. 1
TMB/pumel- L (n=35) (n=6)
0 174+ 11 2019
3 154 £ 145 -
10 140 =218 -
30 135 + 34" 214 £ 14

It has been proposed rhar sarurarion of the SR
with Ca**
the extracellular site!®'"). Depletion of [Ca®* ]:;

can indirectly inhibit rhe Ca-influx from

on the other hand, somehow triggers the opening of
a passageway Jfor its replenishment from the
extracellular space. TMB compounds were first
noted to block Ca-influx in 1975 .
Putney’s theory!®’, it was thought that TMB
blocked Ca-influx directly at the plasma membrane
site'*].  The Ca-influx can be triggered by a wide
range of NE (0.1 — 10 nmol+ L™} which can be
markedly inhihired by TMB at 30 and 100 gmol
+L7! (Tah 2), indicating that saturation of the SR
with calcium by TMB does block the Ca-influx
induced by NE.

Not knowing

Tab . [Ca*" ], after TMB and NE in VSMC jn normal
calcium medium. #=6, ¥xs. "P<0.05 vs control.

NE/ Control T™MB Control TMB

nmel <L 7! (30 pmol L™ %) (100 pmol-L 1)
0 185+38  I80+£32  211+£27 235+ 70
0.1 238=22 210+14® 27025 187+ 35t
1 234=14  213+12* 348+ 115 192 + 54°
10 273+24 208+ 7t N2=77 118+ 46"

In the force development studies on rabhit hasal
artery, TMB is more effective in relaxing NE-

[ 1]
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high-K-induced
while high-K ™ -induced eontrac-

Contractions

T2l

indueced versus
contractions
twns do not involve caleiom release from SR, which
supporis that the main TMB action site is at
intracellulat SR. The
ducted in our Lah also support this theory, 1n which
the depletion of Ca”* from SR triggers * Ca"
influx, and NE + TMB do not inhibic **Ca*" influx
induced by NEM,

Similar

$ 3. .
¥ Ca’" experiments con-

resulta  were obtained in  Ca-free
medium and nifedipine containing normal caleium
medium. In Ca-free medium, NLC increased
_Ca’* ], significantly which was antagonized by

TMB 3, 10, and 30 praolL™"(Tab 3).

Tab 3. Effects of TMB on _Ca*" _, of VSMC in Ca-free vs
nifedipine-ireated normal Ca-mediom. ¥ 5.
*P>0.05, "P<0.05 vs control; *P<0.05 ys NE alone.

Cat' ], /omol-L !

NE/ TMB~ Ca-(ree Normal Nifedipine-
nmol* L™ pmol'L. ™' medium Ca-medium treated
(n=5) (n=gy . normal
Ca-medium
0 0 1R+ 11 230+ 28 -
10 a 187221*  314+30° 255+ 26"
10 3 154 + 54 - -
10 10 147 + 34" - -
10 i 114 = a4b - 22 =28

These results clearly indicate that the release of
calcium from the SR by NE can be blocked by
TMB. XNifedipine containing medium at a normal
concentration of caleiurn is considered to he similat
ta Ca-free medium, because the voltage-operated Ca
entty was blocked. 1n this condition. intracellular
telease of calcium from the SR by NE was again
blocked by TMB treatment ( Tah 3) .

clearly indicate that TMB can enhance calcium

These results

uptake into the SR to reverse the release of caleium
from the SR hy NE.

BHQ is known to release calcium Irom the SR
vig inlubition of the SR Ca-ATPase. By this
action . BHQ appears. ta deplete intracellular caleium
stores without affecting Ca®’ pumps located in the
plasma membrane ' or
phosphatest®- . BHQ does not affect mitochondrial

Ca®" flux not Ca®~ -independent Mg®* -ATPase'!*- .

formation of inositol

In a medium confaining normal calcium
concentration, BHQ increased [Ca™' ], markedly as
expected ( Tab 4 ).
[Ca"" ], reduction by TMB frarn the stimulated
value by BHQ. However, the inhibition was not
statistically significant. It could be due 1o the fact

thar the influx of extracellular calciurn from the

There was a tendency of

plasma membtane nullified the intracellulat action of
TMB.
of TMB on the SR calcium stores, Ca-free medium

In order to observe the intracellular action

was used for the experiments. _ Ca’ ], was
significantly increased by BHQ which was reduced
significantly to the control level by TMB (Tab 4).
These results indicate that TMB can reverse BHQ
and MNE-induced release of calcium from the SR

possibly wia increase of Ca-uptake into the SR,

Tab 3. Effects of TMB on BH{} actions on [ Ca®* | of
YSMC in normal Ca vs Ca-free mediom ¥ £ 5,
PP .05 vs A; SP<0.05 vs B; "P<0.05 vs F.

“Ca*t ], /nmel L7t

BHQ TMB/ N 3
GIOUP ol L' pmol L ! Ca--;:iﬁm n(iidllrue;
{n==6) {n=8)
A ] 182+ 26 156+ 8
B 10 0 212 = 19* 186 + 15"
C 10 3 200 £17 -
D 10 10 100 £ 25 -
E 10 30 173 £43 159 +25°
F 100 - 216 £ 11°
G 100 30 - 181212

TMB seems to decrease [Ca®" |, through hoth

mechanisms*?) .

intracellular  and  extracellular
TMB was also shown to inhibit phosphodiesierase
and to raise the level of cAMP!™) . cAMP activates
protein kinase A and protein kinase G, which
results in a decrease in both [Ca®' ], and the sensi-
tivity of vascular smooth muscle contractility“SJ .
Ryancdine is known to irreversibly open up the
calcium channel for depleting calcium at low
concentrations and 1o hlock calcium release from the
SR ar high concentrations. Tah 5 shows no effects
of tyancdine alone on [Ca®” ], when A7eS VSMC
When BHQ
1, increased
markedly as expected. The increase of [Ca** |, by

BHQ was teversed by the addition of TMB and-or

were incubated 1n a Ca-free medium.

was added to the medium, Ca*?t
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TMB and
ryanudine shuwed {urther reduction of ~Ca ™ 1, by
BHQ.

through different mechanisms to produce additional

rvanodine.  The comlined use of

indicating that TMB and rvanodine act

inhibitsry  actions  cansed by individual  agents
i Tab 573,
Tab 5. Effects of 'MB on BHQ plus Ryanedine action in

[Ca®* ", of VSM cells in Ca-free mediom. 7 = 6. x * .

" 0.05 vy A P<0,05 v B

. BHQ TMB/ Ryanodine/ _Ca®' ]/
Lrroup -1

nrmel - L ol - L nmol- T, el 1!
A ( ] { 142+ 8
B 1611 ] 0 216 ot
C i 30 a 170+ 33
) 1na 0 0.3 177 £ 57
I 1on 30 (.3 133+ 25"

In conclusion, TMB was shown to reduce
[Ca’* ], wa increase of the SR sequestration, and
blockade of the release of intracellular Ca " {rom the

SR by NE and/ar BHQ.

extracellular medium across the plasma membrane

The Ca-influx from

also can be blocked by TMB: however, its action

mechanism seems to be an indirect action from the

saturation of the SR with calcium.
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