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Actions of 8-(N，N-diethylamino)-Jl-octyl-3，4，5-trimethoxybenzoate 
in vascular smooth muscle eell cultures 
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AlM：To study the effects of 8-(N，N-diethyl- 

ami∞)一n-ocryb3，4，5． methc 廿1∞ate(TM 

8)on vascIdar smoothmuscle(vSM)cellsA7I5． 

MlEⅡI(加S： The effects of T 8 啪  

investigated in A7r5 cell culture~ with ”ca ． 

砌王sIII TS：T徭 8 reduced the ins ular free 

concentraficm．[Cd 】_inaCd 一freeIT~ Um 

andbl~ edCd entryfremthe ext~ ular sitein 

a re Ca2 IT~ Um． The equilibrated total 

cellular bi妇 0f Ca2 wss increased by ⅦB-8 

Wh口eas C entry activatedbybothNE andKC1 

wss inhibited． However．the NDactivated 

entry not bi~ ed by 1Ⅷ 8 if 1Ⅷ 8 W衄 

addedtogether with Ca2 at a later timeinstead 

0f by pl'etr~tlTnent． ~milArto action s ofNE and 

Ka ，depled∞ of( from sarcoph~m；~~ culum 

( )w al8D activate 咖 ，which础  

blockedby 佃  ． wb匝 眦 8w昭 rinsedout 

a10ne togetherwith iE after n— n强血nentwith 

NE plI|s11 _mV oell8，theinbiblt~y effect 

0f TM 8 was not affected ． 0oNCLUS卫ON! 

TMB8 not only blocks entry 妇 the 

e 】a0eⅡu1ar萄te，but al∞ a 1EIno葛 Ca2 llpt~ e 

intoSR which，iDdjrectlyinl~bitsCaz entrykm 

the exm~dlular site． 

Some Ca2 antagonists muld be used to 

prevent／treat ischemic sttokes( 
． However． 

none ofthern show atotal prevention or significant 

efficacy in reversing the neural damage after drug 

treatments． 8一(N，N—diethylamino)一 —octyl-3，4， 

5-trimethoxyhertzonte (TIVlB-8) is a ca2d啪  

antagonist capable of reducing intracellular free 
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Ca2 ([Ca2 ]，)by acting dually at cell membrane to 

reduce Ca2 influx and at intracdlular site to 

sequester free Ca2 into sarmplasmac reticulurll 

rSR)L ． TMB compounds were found to produce 

inhibitory actions on mnsch contractility induced by 

a variety of stim~ating  agents in skeletal，smooth 

and cardiac muscles( 一 These compounds are 

also reported to have strong effects on prevention 

and treatment of cerebral necrosis caused bv 

ischm'nie stroke in rat when they are administered at 

— l， O， l， 6， and even 24 h after ischemlc 
r’1 

1ns ult ． 

In spite ofthefactthatTMB compo undswere 

able to increase Ca2 binding to the isolated skeletzI 

muscle SR and to increase cAM]~D,7，B1
． it is not 

dear how TMB mmpounds reduce[Ca2 ]；in the 

vas~ular smonth muscle(VSM)which is critical for 

the prevention and treatment of ischemic stroke． 

T 征坶 acts primarily at the intracellular site to 

reduce [Ca2 ]．v／a enhancement of Cd uptake 

into SR． ．asforthe blockade ofCa-influx byT 

8．it muld be an indireet eapacltatlve effeet due to 

SR saturation with Ca2 bv TM]3~ rather than a 

direct blockade of Ca2 en try at the membrane site． 

This study was to study the elfeets of T 8 on 

VSM edts A7r5． 

MATER II5 AND M蜘 Ⅱm S 

Materials TMB-8 was purchased fm  Atdrieh 

Chemical Co，Milwaukee W I． Norepinephrine bitartrate was 

ob tainedfrom SigmaCtmrfiealCo ，StLouisMO． A7r5 cells 

w acquired frm'a American Type Carl恤 Collection． 

RockviRe MD． becco s modified Eagle’s medium 

(DMEM)，benzylpemcillln 10 MU ·L一，streptomycin 

sulfate 10 g·L一 and amphotericin B 25 mg·L一 

obtained f砌 Gibo。 Lab．Grand Isl~2d NY． Fetal bovil~ 

sen肌 and bovil：l~serum albuInln(BSa)啊 purchased from 

SigmaQ 血 aI c。． The 45C |l’ obtained fm ICN 

Radioehmfieals．h'vine cA 

CelI ealtm-es Embryonic rat daoracic aorta smooth 

muscle derivedA7r5 cells vitaegrowninm~olayersin75(a]f1．2 
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flasksi12DMEM mntairfingNaH 3．7 g-L-1+10 ％ fetal 

k seⅢ ， benzytpenicillin 100 kU - L～ ， and 

streptarnycin 100 rng·L The cultures weave maintained at 

37℃ j12 a humidified amaosphere 0f air~pplemented with 

5％ 002． m was ch~ged every 2—3 d． Cells 
reached c删 I】∞ oe in approximately 6 d and then p&,~aged 

目 7—10 d． 

Ca2 aptake In 5Caz’ influx stnd ies．cells w 

seededin 6 well dishes and grown to~onflu~0ce B“ the 

a垫ay， the culture medkan was replaced w；山 serm~ free 

DMEM  for 24 h to an脚 cell growth and make cells 

quiescent AU experiraents哪 carfied out at37℃ ． Prior 

b the study 0f entry，cellswerewashedwith 2×2 

mL aliquota of Trls-buffered physiolcgic 5a1irIe solution(PSS) 

(NaC1 154，KC1 5．4，d~tmse 11，tris(畸dr ymechyI) 

amimmethane6，巳 ck 2，and MgCI2 1．2 mmd‘L )or a 

c free s。lut／on from which C had onltted and 

c~ataining eg忸西c acid 10 ·LI1 and g臼llopam；l 1 

land·L-。，andwell~allowedto equilibrate at 37℃ f。r 30 

rain． In Ka—induced C entry．g-Alopa~ 1 w&s omitted 

fromCa 2 ．flee solution and phento1amine 10 ·L一 惴  

addedt0 block a-receptor activatkxainducedCa -entry The 

cultured nK 、啊 cells in 山e dkshes WeYl~jneubated with 

‘ Cl2 185 MBq·L一。h varyinglaagtha oftime as notedjn 

thepresenceor 日b蛐 ce ofthejndieated eamrmmas． Ifthe 

∞11s were incubated in the C free solution．C_a2 2 mmd 
· L一 was added together wi th 45Ca z 185 GBq for the 

me日 Ⅻ Hlt of Cd influx． To stop flaxes．the 

巳cb was quickly removed，the dishesw~ffE,kept 0Ilice． 

andthe cellswerewashedwith 5 x 4 mI|allql~18 of anic 

cold me~Lma ccataining  a 80．8 mmol·LI1 and dextrose 

IImmd·L一 inTtis buffer 6mmol·L～ at pH 6．2． 

celtswornI 。d bythe 8ddi6m of a solution containing egta~e 

acid 4 riand·L and 1％ 9。出ⅢI1 dodecytsultate．aI cell 

lysate 0．5mL wastakenfollowed  by anedditic~a ofUmve~  

Cocktm／lO mI|into sdntillation vials．counted in a Beckman 

LS 5呻 0 cEI1en COlntelr． 

Data amarais All valuesw giv∞ inj± ． The 

nm b of viable∞11swasdetemfined andthe c uptake 

w∞ 日 f酬 as Bq／10s cells
． Statstica2 analysis utilized 

t-testfar pooled sam01es and one-wayAN~VA． 

RESULTS AND D珏 USSl0N 

InCa2 free solution．TMB-8 at 3，10，and30 

tanol·LI1 reduced[Caz J．in VSM cells from 174 

5：5 nmol·L t0 154±6，140±9．and 135±15 

nmd ·L～ ． respectively， measured with Fura-2 

meth0d【引
． wHle in n0m1al Cd mediurn．there 

w88no change in[Ca2 ]．[ ． To explore TMB-8 

effect on Ca2 influx at the plasm~membrane site． 

45Caz uptake across the plasma melTlhrane 惴  

measured with or without TM 8． In this 

experiment Ca2 was incubated with VSM cells 

for 5 rain and the amot211t of C acl'G~s the 

plasma membrane was determined． T 8 at 30 

tanol·L～l s nificantly deereased Cd influx at the 

plasma membrane of VSM cells incubated either in 

PSs【)r in free medium when and 

were added to the medium for measuring Caz 

influx(Tab 1)． These results indicate that TMB8 

inhibits c influx even when[c ]，is low． 

Tab1． F~eet TMB-8(30．-II协I·L一 )加 |5c ’Inllux 

inVSM cells hIC free aadI'SS suimleas ． 

=6welts． ± 5． <0．05 憎 e~atre1． 

TMB-8 c uptakein 5 rain(Bq／lo5 eells) 

(tanol·L。。) 一free medkma Normal nleditmn 

IfTMB-8 actsto sequesterC into SR．then 

thetotalCa2 binding capacity oftheceUs shouldbe 

increased according ly． To determine the effects of 

T～仍_8 on equilibrated total cellular binding  of 

Ca2 ，185 GBq of Cd was incubated withthe 

VSM cells for 120 min in PSs ~olution  wi th or 

wi thout TM旧．8． The results showed that TMB8 

increased total binding (120 min)of 45 Ca2 hy 

atx~ut 17％ (Tab 2)．supporting the concept that 

TM_B一8 acts hy increasing  sequestration of C into 

sR． As a result． the intracellular store is full 

which in turn sends a 1Tles&0ge to the D】a盟m 

membrane to stop Cd inffux no matter whether 

[c J，isloworhigh，accordingtothe capaeitafive 
mechanism ． 

Tab 2． Effect 田删 (30 ·L一 )m 
Idadl~ hI cⅡI加redV踟 edlsInP舔 舯●ⅡIj婀I． 6wells． 

± ． 1 < 0．05 惯 删 t r ． 

TMB 8 ( ·L ) uptakein120 rain 
(Bq／1o5 cells) 

0 

30 

92± ll 

108± 11 

NE is known to open the receptor-operated 

Ca2 channel atthe plasmamem brane andto release 
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C {mrn SR 0{V ce1Is． Inthis experiment． 

NE 0．1—10∞ d ·L markedlyincreased Ca 2 

entry in a concentration—dependent n1anr r． To 

findoutifTMB-8 has any effect oninhibitingCa2 

influx by NE，the cells-~~el'e pretreated with TMB-8 

for 15 min．The increased Ca 2 entry wSs totally 

blocked by TMB-8 30 ⅢmJ·L。。(T8b 3)， 

indicadng that TM B-8 oould inhibit rec∞tot- 

operated Caz influx of NE． This inhibition is very 

ef c|ent because the inhibitory effects of TMB-8 on 

NE-induced oontraction in basilar artery ring eaR he 

s n at t／tmol·L一 ooncentration(10]
．  

3． Effeas ofTb~-8(3m i．umol·L。 )∞ NE-iadueed 

替0a2 埘 l既 jIIVSM 婵lbia0a2 free s0IH ． ±s． 

bP<0．0s惯 。帅 印D 曲瞎嘲 rn恤 ． 

KCI_s known to activate the voltage-operated 

Ca 2 en try． KCI 80 rnmol·L一 significantly raised 

Ca2 influx into the ceils(Tab 4)． 

Tab4．EIl'~zt 0fT B(3oIIⅡ ·L。 )∞ i|lIl∞ 
tlffhtx VSM  cellsIIl free sab ttitm． 

6wells， ± ． <0．0s 惯 删  spoDdi etmtro1． 

Whenthe cellswere pretreated withTMB-8 30 

· L_。，this incl-~ in uptake was completely 

inhibited ． indlcating that TMB-8 oould inhibit 

voltage-operated Caz influx． TMB-8 inhibited 

KCI．induced Ca2 entry to the leveI lower than the 

oontro1 while in NE．induced C en try， the 

inhibition is at the control leve1． This may he 

he cause NE-induced Ca2 release from SR 

oompensate for part of TMB-8 C sequestration 

effect． In the KCl group．there is no release of 

Ca2 fro／n SR．thus the inhibition is greater．The 

following  experb-nents were designed to determine if 

SR Ca2 depletion can activateCa 2 entryinVSM 

cells． The cells were pretreated wlth NE to deplete 

Ca2 from SR inCa 2 freemedium． NE wasthen 

rinsed out andCa 2 inthe SR wss kept depleted 8s 

the ceils w incubated in the C ．free med ium． 

The cellswerethenincubated with ( for I．5 

min an d 45 Ca 2 influx 、Vas measured． In one 

group，NE 10 I．L一 increased 45Ca 2 influx  

markedly as expected ． In another group。when NE 

wss rinsed out after pretreatment，the depletion of 

intracellular Ca2 store oontinued and the Ca2 

en try、Vas still higher thall oontrol despite the fact 

thatthere wss no NE present in the medium (T8b 

5)． These results indicate that Ca2 depletion from 

SR can activate Ca 2 irdlux  across the plasma 

membrane． This is oonsisten t with Putney’s 

capacitative modeI in which SR ful1 of C eaR 

inhibit C entry． 

Tab 5． Effect ot depIetl0n otiatracallLk~r C s岫 0D 
替C lafllmt r岫 删帆m dVSM cells 0 free s0I_ 肌． 

±s． <0．0s (A)；中<0．0s催(B)． 

The increased Ca z influx  activated rda Ca  

depletionfromsR by NE(oontro1)w曲 completely 

inhibited by pretreatmant of cells with TMB-8(30 

儿mol-LI1)tothelevelthatCa2 uptakewaalower 

than the contro1． If the cells were pretreated with 

NE and T 8．an d both NE and T 8 were 

rinsed 0utiust beforethe addifionof 4~Ca 2 ，C 

influx w&s sti1I blocked(_l b 6)． 

Th eSe results indicate that TM 8 inhibits NE- 

induced Ca z depletionfrom SR which leadstothe 

inhibition of Ca ” entry． These results support the 

hypothesis that T 8 acts primarily in the 

intracellI】1al"site． 
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Tl曲 6． Effort 0fTM (30tttmol·L一 )帅 拈 mflux 

hldueed by depI 0f~traodlular Caz storein cuitm'ed 

VSbl。e№ inC free soluli~ ． 

=6weus．j± ． hP<O．05 eontr~ 

The foIlowing experiments were designed to 

aluddate whether TMB一8 has inhibitory function on 

Caz influx directly or through the capacitative 

intracellutar mechanisms NE 10 banoI·L 

enhanced ca2 influx．which oould be blocked by 

pretreatment 0f cells with TIVlB-8 and NE added 

t~ ether as mentioned before． If TMB8 used in 

the pretreatment was rinsed out before 45 Ca2 

incuha tion，the Caz influx was still low．remaining 

at the control leve1．despite the oontinuous preeenea 

0f NE． On the other hand， if the cells were 

pretreated with NE alone instead of NE plus TM 8 

and TM旧．8 w~t,s added later together with 45Ca2 

in the cells(Later TMB-8 in Tab 7)，the C 

influx was markedly ineraased and there was Do 

inhibitory effect on Ca 2 influx in splte of the 

presence of TM旧-8 during the influx proce~． 

These results indicate that the TMB8’s inhibitory 

action on Ca-influx is through intracellular 

capacltstive mechanisin rather d1an through its 

direct action on the plasma membrane． 

Tl曲 7． FJ 0f dtff~ t T (30 -L ) 

lr~tmmts 0f depI姗 imIⅡ。。d and m _岫 。ed 

枷 nx ．m V册 wits ．m № so1． on． j ± ． 

IP>0．05． < 0．05 咖 tr01． 

NE TM B8 W ells 5Ca2 uptake_n 

(Im0l·L一 ) (Im0l·L ) 5 min(Bq／lO cells) 

TMB compounds increased cAM P ooncentra— 

tion  in the coils，which could he the re~son for 

TMB8 to decrease[Ca2 ]iIv] Aminophylline，an 

inhibitor of phosphod iesterase， was found to 

enhance the inhibitory effect of TMB-8 on rabbit 

basilar artery oontraction induced by Ca 2 released 

from SR bv BHQ{1⋯． These results indicate that 

TMB-8 may act through cAⅣ at intmcollul81"site． 

Contraction of VsM is regulated by[Ca2 J 

andthe risein[Ca2 ] is duetoNtherCa2 release 
from intracollulaT stores or influx of extmcellular 

Ca 2 across the plasma m~mabrane or both． The 

depletion of an ino~i 1，4，5-trisphosphate(IP3)一 

sensitive intracollular C pool has been propo ~ to 

he the sign~ for C entry in agonist—activated 

cells{11~
．

Putney[ 2,13J pr0p0sed a eapaeitative 

model：the state offilling  oftheintmcellulaTCa 2 

pool regulates the Ca 2 permeability of the plasma 

membrane，suggesting that stimulated influx is a 

direct 00rls0】u朗ce of intracellular Ca 2 release 

rathe r than an independent process． The depletion 

of anintracellularCa z pool signalstheope ning  of a 

pathway for the replenishmen t from the 

extracellular space． As long as the pool remains 

empty． Ca2 would enter across the plasma 

membrane． The plasma mernh rane is responsive幻 

the Ca 2 content of the intracellular store， 

regardlessof[Ca2 ]l【l ， ． 
In this stody．all of d1eworkwas perform ed on 

cultured A7r5 VSM calls． It should he noted that 

these cells are different from intact 8nlooth musde 

cells in artery wall，eg ， the G-kirinse activity in 

passeged collsislowerthanthatintheintact cellin 

the artery wall~14J
．  

In 8UTfln'k31~． TMB8 Was found to act∞  

intracollular site to inc Ca 2 uptake into SR 

which in turn indirectly inh iblts Ca 2 entry fronl 

the extra,M1ul81" site． This is different from 

previous bellef that TMB一8 acts directly on the 

plasma membrane to block Ca 2 entry
． This is the 

po ssiblemechanimaf()rTMB8 tohe llfltore effective 

in protection and treatment of isehemic stroke than 

other Ca —antagonists． 
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Effects of isolation housing and timing of drug administration 

on amikacin kinetics in mice 
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KEY W ORDS ∞dal isolation；animal ho~ ng； 

drug administration schedule； mnlkadn~ ehrot~  

biology；phanmc~ neties 

AIM；To study the influea~ of social condition 

and drug administration time otl amlkadn 

∞etab。lim in mice． MEⅡ麟 ：Forty套 ICR 

mice were randomly 倒 into 4 glx：alpa 

n)IdiI to 1) hous~ eondition： individual 

GⅢ p。耐∞ to Dr ZHOU Rui．I-hi．P．ow ha； of 

HealthCare，山∞抽纰f 脚 s 拈ab曙 M ￡Uniw~~sity， 

』 w 250012，China． 
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l萄I1g(I，0ne脚 ll∞ in a cage)or aggregated 

housing(A，10 mice in a cage)and 2)drug 

admlnlst~ti0n血ne：atmidday(D)口 atmld~ight 

(N)，ieI—D，I—N，A—D，andA—Ngttm~． 

eeted∞15 rag·kg after4wkof 

试血1g atDor N． Blood samplesweretakea at 5， 

l0。15，20，30，and 60 rain after medication in 

eachⅡ】d-玛e． Phsma amilraeln measured by 

emymein-ma~ y。 nle eonceatrati0n-tlmedata 

were fitted with ~,x*-ecanpartment open model in 

each脚 llse and data were aI 】l删 with group t 

test． RESULTS： d~sranee(a)0f ami~eln 
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