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ABSTRACT

. Presently,_ the literature regarding vascular smooth muscle contract'ion _is

_coloured with many contra'dictory' ‘obsérvation"s and conclusions. However, like- many
| physiological 'systems ' the'biochemical pathWays'and functional events of vascular'
“ smooth muscle contraction vary between mdmdual specnes and/or tlssues Therefore

“‘determination of a ublqwtous exmtation-contraction coupling mechanism |s unlikely,

variations between receptor class_es, receptor density, excltatlo_n-contraction coupling

_ pathways’and the efficiency'_of the 'receptor-pathway. interaction contribute to the

“various obs'ervations-and conclusions

The mosntoi 1,4 5-tr|sphosphate (IP3) second messenger cascade regulates the

mobilizatlon of mtracellular Ca , and subsequently contraction in vascular smooth

muscle. However phospholipase C-mediated productlon of IP3 appears to be

controlled by tissue-speCIﬁc regulatory factors. Thls study examines the effects of

‘three such factors the presence of extracellular Ca the sensitivity of the associated

<G protein and |nh|bit|on by 8- bromoguanosme 3' 5'-cycI|c monophosphate (8 bromo- '

cGMP) |n |solated rat caudal artery Concentratnon—response curves were constructed '

. for phenylephnne and |sometr|c contractions measured in lsolated tissues in addltion,

| phosphahdylmosrtol turnover was assessed using anion exchange»chromatography. |

The effects of 8-bromo-cGMP on phenylephrine-induced contractions and'_

| "phosphatidylino'sitol-hydrolysis were oompared to those of'felodipine a dihydropyridine

I ‘Caz"-channel antagonlst and ryanodine a putative depletor of mtracellular Ca stores

in rat caudal artery Pertussis toxm was used to determine the identlty of the G-protein



T

regulating phenyleph'rine-indUCed contraction '?unher | the  effects: of felodipine and
ryanodrne on contractlon were determmed |n rat thoracnc aorta to compare the
'contrlbutlon of extracellular and mtracellular Ca to contractron between -a_Iarge 4‘

conduit vessel andasmall conduit vessel | N
" The results . of thrs mvestrgatron suggest that phosphollpase C-actlvated‘
.phosphatrdyllnosnol hydrolysrs in the rat caudal artery is dependent on ‘extracellular.
ca*, medlated, . in - part, through drhydropyrldlne sensntlve Ca channels.
P'hospholipase, C activity, is not .dure,ctly inhibited by_8-bromo-cGMP. }How-ever, the
nucleotide may- regulate vascular smooth‘ rnuscle contract_ion by 'inhibition 'of Caé""
release from IP;-mediated intraceliular stores, but it is unlikely that 8-bron10—cGMP
‘ affects ryanodine-sensithe ‘stores None of the ‘G-proteins' 'coupled to the a4- .,

adrenoceptor medrated excrtatlon-contractron pathway in rat caudal artery appear to be

same extent that rat caudal artery does, confi rmmg the tlssue specuf icity of oy~ |

adrenoceptor agomst mduced excntatnon—contractlon in vascular smooth muscle.

' sensrtlve to pertussrs toxrn Rat aortlc tlssue does not rely on mtracellular ca® to the IR
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1. INTRODUCTION
| 11 Vascular Smooth_MuscIe Céntraction
vThe ._va'chl_ature_ is a closed «:SYStém of vessels-‘f.respon‘s-iole ‘.for trans'po‘rtin_gg ’
nutrients a:nd oxygen .to cells while simultaneously removing ‘metabolic waste products..‘- -
'l'he ci{rculatory system- is a dynamlc organ, capahle of adaptingitto changes in indivldu_al :
tissue needs and blood volume. The etiology of several cardiovascu_lar disease states,
incl_uding hypertension, has been asSOCiated with a fa:ilure' of the vasculature‘ to
_ adequately ‘adapt to changes More specmcally, rlgorous regulatlon of the total
'perlpheral resrstance of the vascular crrculatron is cntlcal to homeostas1s The most
lmportant determinant of total penpheral resrstance is blood vessel dlameter Vessel |
dlameter is regulated by local chemrcal and extrinsic neural and hormonal mechanisms |

“that can induce both dilation and constriction

Constrlctlon of condurt blood vessels is a functron of the smooth muscle -

'surroundlng the vessels. Extracellular calcium (Ca*) was flrst identified as a crltlcal
factor in smooth muscle contractlon in 1961 when Bohr and Goulet recorded a
decrease in eplnephrrne-lnduced tensron |n rabblt and dog aorta and rabbrt~ '

mesoappendlx reS|stance vessels when Ca was removed from the bathlng medlum~. o

| _' ‘Even at thls tlme Bohr and Goulet (1961) were able to apprecrate the complexrty and - .

vanablllty of the lntracellular srgnal transductlon mechanrsms responsnble for smooth
: muscle contraction. Since 1961 many of the detalls of excntatron-contractlon coupllng '
have been establlshed however the mechanrsms medlatrng vascular smooth muscle

’ tone remaln poorly understood



Vascular smooth muscle tone is regulated by | pharmacomechanical and .
,electromechanical coupling mechanisms under the control of the autonomic nervous‘
system (Somlyo & Somlyo 1994). Each smooth muscle f bre is a spindle shaped ceil
containing two contractile proteins actin, a thin fllament anchored to the plasma .
membrane through cytoplasmic dense bodies and myosm a thick fllament whoseﬁ
mobile head forms transnent cross-bridges wnth actin (Somlyo et al 1985) The extent
of overlap between ‘the two contractile proteins, and degree of muscle tension; s
determined by cross‘-bridge oycling (Bagby & Corey-Kreyling, 1985; Mulvany, 1985):

DUring }con_traction, _the intracellular Ca® concentration  increases from._

approximately 0.1 uM to 5 uM (Hartshorne, 1982). As the Ca** concentration rises it -

binds the cytosolic Ca *binding protein calmodulin to form a regulatory Ca -

calmodulinr complex that_activates the catalytic subunit of myosm Iight-chain kinase"
(MLCK) (Ruegg et al 1985) MLCK then phosphorylates senne -19 on the. regulatory , |
llight chain of myosm (MLCzo) both the electric and steric effects of phosphorylation
activate myosnns ATPase. act|V|ty and motility (Sweeny et al, 1994) A four-state
cross- bridge model described by Hai and. Murphy (1988) sucoessfully predicts the
mechanical properties and energetics of smooth muscle contraction. Cycling between‘ |
' the' four states requwes adenos:ne tnphosphate (ATP) but the primary regulatory

.mechanism is the Caz"-dependent phosphorylation of MLCzo (Walker et al 1994)
‘1.}2. -Sources of Ca** Utilized During'Contraction
Cross-bridge ‘c.;ycling, is .'regulated through the ‘Caz‘-oalmodulin-dependent
phosphorylation of MLCzo; therefore, increasing the free cyt_osolio Ca* concentration is

crucial for contraction. Cga2+ can enter from the extracellular space'through voltage-
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gated and llgand-gated channels (Karakl et al, 1984) or Ca can be released from‘ : ‘

B ‘.‘,ffs"rlntracellular storage sﬂes wrthln the sarcoplasmlc retrculum moblllzed through the} N

actwnty of mtracellular second messengers (Brown etal, 1984 Streb et aI 1984) Two~: . '. :

B functlonally and spatlally dlstlnct Ca pools have been ldentlf ed W|th|n the

' .'-»'sarcoplasmrc retrculum of vascular smooth muscle cells one controlled by mosﬂol

f1 4 5 trlsphosphate (IP3) and the other sensntlve to mhrbrtron by ryanodlne (Yamazawa | L

" et al 1992 Tribe et aI 1994) The relatlve contrlbutlon of each Ca source is tlssue-_. )
| specrfrc dependent on varl—atl‘ons in receptor classeﬁs‘a“nd denslty, excrtatlon—contractlon.
coupllng mechanlsms and the efficiency of the receptor-srgnal transductlon lnteractlon :
‘:.(Vllaetal 1993) o G . c
Berrldge (1983) observed a rapldly lncreased 4conce[ntrat|on of phospha—.
‘ tldylln03|tol (PI) metabolltes |n rnsect sallvary glands upon stlmulatlon wrth 5- .
hydroxytryptamlne Slnce actlvatlon of plasmalemma receptors had prevuously been |
assocrated with the release of |nternal Ca2+ (Schulz & Stolze 1980 Exton 1981)‘.
.Berndge (1983) suggested that IP3 was a second messenger capable of moblllzmgf
- stored Ca Subsequently, results from rabblt pulmonary artery (Somlyo et al., 1985)

rat thoraC|c aorta (Chlu et al 1987) rat cerebellar mlcrosomes (Stauderman et al "
i iﬁy1988) and rat pancreatlc acmar cells (Thevenod et al 1989) have demonstrated a

' close correlatlon between the generatlon of IP3 and the release of mtracellular Ca

o The effects of IP; are not blocked by vanadate an inhibitor of the sarcoplasm|c

retlculum Ca -ATPase re- uptake pump, therefore lP3 acts by mcreasung the Ca

) zpermeablllty of the sarcoplasmlc retlculum not by |nh|b|t|ng the sequestenng of free’_",

Ca2+ (Somlyo et al., 1985). However IP3 may lncrease mtracellular Ca® to a Iesser




.'extent by |nh|b|t|ng extrusmn from the cytosol by the sarcolemmal Ca -ATPase S

= (Popescu etal, 1986)

In 1958, duodenal smooth muscle was‘.reported to be |rrevers|bly contracted byv |
'.the plant aIkanrd ryanodlne (H|I|yard & Procna 1958) Subsequent studles reported '
y however that ryanodlne |nh|b|ted agonlst-lnduced contractlons in. smooth muscle..

_""(Kanmura et al, 1988) It now appears that Iow concentratlons of ryanodrne are 'f_

'contractlle wh|Ie hlgher concentratlons lnhlblt contractlon (Berrldge 1993) Recently,,

u,,..,._......__ -

L _the putatlve mechanlsm of actlon of ryanodlne |n smooth muscle was proposed

Ryanodme |nh|b|ts smooth muscle contractlon by stlmulatlng a slow ca* efflux from an . ‘
: mtracellular store .as a result the store |s depleted and subsequent agonlst strmulatlon' )

o : futrle (Kanmura et a/ 1988 Hwang & van Breemen 1987 Julou-Schaeffer & Freslon

E '1 988) The mtracellular Ca store that is sensmve to bIockade by ryanodrne does not

»appear to be mob|I|zed by the second messenger IP3 (Seller et al 1987) however

= ) cyC“C adenosrne 5 -d|phosphor|bose (cADPR) a metabollte of B-nlcotlnamlde adenme'

'dlnucleotld\e (B-NAD),_ has‘ been tentatlvely,ldentlﬁed as the»;endogenous second .

‘messenger capable’of mobilizing intracélIUIar Ca from the ryanodlne sensrtlve pools‘ -

(Whlte et al., 1993 Gallone et al 1993 Meszaros etal 1993)

Studles usmg varlous antagonlsts of IP3- and ryanodlne-sensmve Ca revléase S

‘have provnded evndence that the two mtracellular Ca release pathways are
functlonally and spatlally mdependent IP3-|nduced release IS blocked by clnnanzune
: flunarlzune tetraethylammonlum and the Iocal anaesthetrcs benzocalne and I|doca|ne-' A

*'(Berndge & Irvme 1989 Seller et aI 1987) IP3-med|ated Ca2+ moblhzatlon is not

affected by nlfedllplne,“ d|It|azem, verapamrl, ~dantoI|ne methylenedroxylndene



- | ©- conotoxun or ryanodlne (Seller et aI 1987 Shah & Pant 1988) Howeve'r pre-

,ftreatment wnth ryanodlne does |nh|b|t cADPR-lnduced release (Seller et al., 1987 llno; _

A release (Berndge 1993 White et al 1993) The ryanodlne sensntlve store, can be :

g sensrtlve pool is. regulated by potentlal dependent PI hydrolysus (Ganntkevuch & - o
lsenberg, 1993) B | - N |

‘ The IP3 sensutlve pool appears to sequester Ca when the cytosollc

| concentratlon |s hlgh (~ 106 M) however the IP3 msensmve pool is the hlgher afflnlty | |

ca* buffer, capable of adjustlng .lownlntracellular Car conce_ntr.atlons (~.~10 M) |

(Thévenod et al., 1989)’ l'n“brain mi._crosomels",‘cADPR and lP3-released ap_p.rokimatelyy

20 and 60 % of the stored Ca , respeCtiVely (White et al, 1993). Also Caz‘ can -

Ca® inhibits Ca release from IP3 sensutlve stores by |nd|rectly decreasmg the afflnlty‘

of the agonlst for lts low. aff|n|ty receptor (Benevolensky et al 1994) And flnally,

| ) mduced IP3 synthesns |n A7r5 cultured aortlc smooth muscle cells were blocked |n the'

presence of th|s antagonlst (Berman et al 1994) Therefore IP3 and ryanodlne appear. o

et al -1988' Yamazawa et al., 1992; Wh|te et a/ 1993) and although hepann

completely blocks IP3-|nduced Ca release |t ‘does not affect ryanodlne sensutlve '(
' moblllzed by. caffelne (Berrldge 1993) however the lP3 sensntlve store is. blocked not---
: actlvated by caffelne in Xenopus oocytes and rat cerebellar mucrosomes (Mlgnery et"‘. I

o ~al 1990 Parker & lvorra 1991, Brown et al., 1992) Although caffelne |nduced Caz*f ; |

o release is msensntlve to changes to the membrane potentlal release from the |P3' - jj' ’

_ lnduce ca® release from the ryanodine: sensntlve stores (l|no 1989) but mlcromolar -

| ryanodlne does not affect Pl hydrolysus as. nelther basal nor 8-arg|n|ne vasopressnn- o
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to regulate ‘functionally” 'a'nd.'-spatial‘ly_-' distinct Ca? ﬂpool‘e‘ 'withvin.f'th'e ’sa}me’ce‘I'I'
' (Yamazawa et a'/ 1992). o | |

There |s some evndence however to. suggest that IP; can mddce Ca release -'
from a ryanodlne sensrtlve pool Yamazawa and co-workers_ (1992) recorded an 1Py -
mediated rise in mtracellular Ca* Vthat was red‘uced by approximately 50 % after

| treatment: with ryanodine In skrnned guinea ‘pi'g taenia caeci the amount of Ca**

released by the appllcatlon of 1P, or IP; and cafferne was approxrmately tW|ce as Iarge. l
_as that released by caffelne alone (I|no et al., 1988) Finally, ryanodlne blocked Ca
: accumulatlon in both cafferne and IP;, sensitive stores (Kanmura et al., 1988) These.-.,i
results |nd|cate that two ca* pools may co-exrst within some excrtable cells; one “
'sensmve to IP3, and the other sensrtnve to both IP3 and ryanodlne (Yamazawa et a/ o
' 1992). Alternatively, an excrtable tlssue may-contarn .o_nlygone ca® pool Wthh |s
-_sensitive '.,t_°.' both second rmess'engers. , U;n,doUbtedly, the fonc'ti'onal‘_ and spatial '(

characteristics of intracellular Ca** stores vary between tissues.

1.3.  IPs:Mediated Ca** Release

“Many of the’physiologicat and biochemica!ucharacteristics of the IPe-medidted

intracellula‘r' Ca® store have been investigated. The 1P, receptor con's.is_ts of four
" ""‘rdenticai’31e KkDa subunits (Furuichi et al, 1989; Mignery. et al., 1990, Supattapone ef
f al 1988). Each subunlt contains an N-termlnal cytosollc extension responsrble for IP;
»brndlng and regulatlon by ATP and phosphorylatlon and elght transmembrane ’

spanmng reglons whlch form the Ca channel through whrch stored Ca? is released

. (Mlgnery & Sudhof 1990 Ehrhch & Watras 1988 Mlgnery et al., 1990) ImmunOQOId

»Iabelhng has |dent|f ed IP; receptors on both central and perlpheral sarcoplasmlc




retlculum (leon et al., 1994) however only part of the organelle the calmosome may IQ :
B actually be |nvolved in Ca rélease (Meldolesu et al., 1990)

h The IP3 receptor responds to llgand bmdlng by undergolng a conformatlonal
change and increasing the openlng frequency of the assocuated Ca** channel (Mlgnery
& Sudhof 1990; Berrldge 1993). Channel actlvatlon appears hlghly co-operatlve at
-‘ Ieast four mdependently bound IP3 molecules may be requnred to open each channel.'
: :(Meyer et al., 1990) Four hundred Caz* molecules are estlmated to be released for
'every molecule of IP3 bound (Stauderman et al -1 988) - |

The IP;, receptor recognlzes the D |somer of IP3 more readlly than the L-|somer
‘:(Berndge & lrvnne 1989) However release of Ca can also be ehcnted by mosntol -
._2 4 5-tr|sphosphate (Ins(2 4 5)P3) and |nosnol 4,5- blsphosphate (Ins(4 5)P2) Based on .

: ECso values the relatlve potenmes are-IP3 >.nlns(2,4,5)P3A>'lns(4,5)P2 in rat cerebellum
. (Stauderman et al. 1988) o | ’.
| In the absence of extracellular K‘ or |n the presence of tetraethylammonlum . ,7
ng-medlated Caz‘. release was reduced although other - monovalent cat|ons g
(Na* >>Tr|s >Li* ) could sub_stltute effectlvely V(Berrldge & _lrvm‘ev; 1989; Shah & Pant, |
C 1988). ‘C‘az* alone could not stimulate K' influx;. therefore, K” co.nduct'anc_e was 'not a_.
-result' of ca efflux'l but was required;'for release and' may- neutralize the charge
‘vdlsplacement resulting from the release of bound Ca2+ (Shah & Pant 1988)

Followmg |nosnol phosphate productlon the reaccumulatlon of Ca* commded

wnth the degradatnon of IP3, |nd|cat|ng that metabollsm is the pnmary mechanlsm for .

‘termlnatlng the effects of the second messenger (Stauderman et al,, 1988 Berrldge &

Irvine, 1989) Repeated addltlons of IP3 to rat cerebellar mlcrosomes d|d notv




desensitize‘-the receptor nor diminish the. release of Caz" However tne receptor did-
desensrtize in response to Ins(245)P3 and lns(4 5)P2 (Stauderman et al 1988).
Stauderman and co-workers proposed two. explanations: (1) if . lns(2 4 5)P3 and
Ins(4,5)P, are not metabolized as quickly as IP3, the ca* channel will remain open and-
refilling will be impossiole‘, or i(2) v‘lns(2,4,5)P3 and lns(4,5)P; cannot be metabolized to
Ins(1,3,45)Ps or Ins(1,3,4)Ps, metabolites of 1Py which  may enhance the
reaccumulafi'on of stored ca®.’ | | |

1.4. -Phospho_lipas'e c

The phosphoinositideispeciﬁc phospholipase C (PLC) isozymes are »a series 'ofv
catalytic proteins tnat hydrolyze phospnatidylinositol 4,5-bisphosphate (l;"lel) to water

soluble. IP; and membrane bound diacylglycerol,(DAG);' IP; induces Ca® relea_se.fror.n

_intracellular stores, while DAG activates protein kinase C. PLC can be activated by

receptor occupation increased’intracellular Ca* or Na*, or increased'extracellular K
(Akhtar & Abdel Latif, 1978 Eberhard & Holz 1988; Martln et al., 1986; Kendall &_
Nahorski 1985)

l PLC. activation |n vascular srnooth muscle appears to be coupled to the a1-
adrenoceptor. . Prazosun, an on-adrenoceptor antagonist mhnbrted noradrenaline-.
induced PI hydrolysrs in rat aorta (Rapoport 1987, Manolopoulos et al., 1991) gumea '
pig cerebral cortical synaptoneurosomes (Gusovsky et al., 1986) and rat caudal artery
(Cheung et al., 1990). Noradrenaline-induced Pl hydrolysis in rat caudal artery -was
insensitive to rauwolscine, an oc;—adrenoceptor. a_ntagonist (Cheung. e:t{ al;!, 1990). In

addition, in. rat portal vein, 'ndradrenaline-induce_d Pl hydrolysis -was,shown to be‘

_insensitive to chlorethylchlonidine, an irreversible ay,-adrenoceptor alkylating agent -



(Lepretre et al., 1994). Although the az-adrencce‘ptor agonist UK 14304 Stimulated Pl
accumulat|on in rat caudal artery, |ts effects falled to . plateau with lncreasmg
concentratlons and were sensitive to prazosin rather than rauwolscnne (Cheung et a/
1990) The a1-adrenoceptor antagonists did not directly affect mtracellular Ca* stores
as these antagonists d|d not affect acetylchollne- and caffeine-induced Ca** release
(Lepretre et al., 1994). PLC activation, in both vascular‘and nonvascular tissues,
_, a_ppears to be coucled to a'drenoceptor‘ occupation through‘ an unidentiﬂ_ed pertussis
" toxin insensitive G—protein (Martin et Val.v, 1986; Cheung et al.; 1990; Eberhard & Holz,
1988; Vallar ef al., 1987; Lepretre et al., 1994 Muntz ot al., 1993; Nichols ef al., 1989).
While ‘some tissues appear to requlre' extracellular Ca* as a} PLC activator_cr
activation-dependent co-factcr,ﬂ_ Pl hydrolysis "inv'other’ tissues seems_ to he ca®
,}independent. _For exan'tple,_noradrenaline induced a transient' rise }in IPs 'an}d a phasic |
contraction of rabbit mesenteric artery in'a‘Caz*'-free solution (ltoh 'et 'al.‘. 1992); but
acetylchollne mduced stlmulatlon of PI hydronS|s in rabblt iris smooth muscle was '
mcreased from 16 % above. unstlmulated preparatlons in the absence of extracellular.
‘Ca” tc 32 % when Caz*l was mcluded in the extracellular medlum (Akhtar &,Abdel-Latlf, .
078 .- S . , o .
PLC activity has also been mvestlgated by measuring mtracellular Ca release'
_ 'and' ca® efﬂux although less direct than measurlng iinositol phosphate, accumulation
these technrques are validated by the close correlation between PLC hydrolysis and
lntracellular ca* release (Somlyo et al., 1985 Stauderman et al., 1988 Chiu et aI :
1986; Thévencd‘ et al}._, 1989). " Results '-from these studies also Ademonstrate the

variable dependence of PLC on extracellular Ca®* amongst excitable tissues. Thrombin



e
caused a‘ rapid elevation of'intraceIIUIar‘ ca® ln the'absence of extracellular ca® in
. human platelets (Nakashima et al., 1986) “In addition noradrenaline-stimulated t’:a2+
efflux and contractlon were transnently mcreased in rabblt aorta in the absence of
extracellular Cca® (Meisheri et al 1986) However in gulnea plg cerebral cortlcal
‘ synaptoneurosomes (Gusovsky et aI 1986) permeabllzed Rle5F cells (Vallar et al.,
1987) and rat cerebellar cortlcal slices (Kendall & Nahorski, 1985) r_emoval of

extracellular»Ca or addition of a potent dlhydropyrldme mhnbntor completely

'_vlnduced Pl hydrolysns in rat caudal artery was enhanced by exogenous Ca 'i‘_ ""a'
. conoentratron-dependent manner,(Cheung et al.,. 1990), and _thyrotropln-releasrng
hormone-mediated activation of PLC in pe‘rmeablized GHs; cells was. maximiz'ed by the
_presence of Mg, ATP and extracellular Caz" (Martin et al 1986) Finally, Ca*-
induced contractlons in permeabrllzed rabbit mesenterlc artery were not lmpalred by
. felodipine (Haglwara et al., 1993), noradrenallne-stlmulated PI accumulatron in canine
femoral artery was not affected by dlltlazem (Esklnder et a/ 1989), and |n rat portal -
vein myocytes oxodlplne did not affect noradrenallne induced inositol phosphate
accumulatlon (Lepretre et al., 1994). These latter results suggest that in rabblt-
mesenteri_c,artery, canine femoral artery and'rat portal vein myocytes, PLC does not -
require an i'nflux of Ca through voltage sensntlve channels for actlvatlon However
Cca* |nflux may have occurred through dlhydropyrldlne msensrtlve channels as
h observed in ‘rabbit urethral smooth muscle Garcna Pascual and co-workers (1993).

‘ found that endothelm-1-|nduced mosrtol_phosphate accumulatlon and contractlon in

abollshed agonlst- Bay—K—8644- (a dlhydropyrldme ‘ca® channel blocker) and K’- -

' lnduced mosutol phosphate accumulatlon Furthermore stlmulatlon of noradrenalme-‘ o
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raboit urethra were. abolished Ain a 'Ca’*-free.medium | Howeve‘r‘ pre-treatment with
nlfedlplne d|d not reduce Pl hydrolysus and contraction was sensrtrve to Ni*2
Therefore, PLC |sozymes may dlffer with respect to thelr sensitivity to extracellular ca®
and the means by whlch Ca2+ is acqurred Accordlng to Rhee and Chor (1992) the
activities of all P”LC isozymes are dependent on Ca* Therefore dlfferences between
tissues may reflect the variation in the Ca* ‘sensi_tivities of the |sozymes.._g‘ '

1.5. CGMP Regulated Vasodilation

Researchers who t" rst recorded the association bet\Neen increased guanosi'ne '

3".5'-cyclic monophosphate (cGMP) Ievels and mcreased muscle tone: suggested that

the nucleotlde functroned as medrator of contractlon (Dunham et al., 1974) Soon after,

however, Gruetter and co-workers (1975) observed that inhibitors. of nitric oxide-

induced relaxation also blocked cytosolic guanylate cYClase, the enzyme responsible

- for producing cGMP from guanosine triphosphate»(Gfl'P). This led Gruetter to suggest

that cGlVlP’was*invoIved in vasodilation, not contraction During COntractlon, cGMP

apparently acted as'a negatlve feedback |nh|b|tor of lnduced Ca lnflux to "pre'vent

‘ over—stlmulatlon (Schultz et aI 1977) In. 1980 Furchgott and Zawadzk| demonstrated

that relaxatlon of vascular smooth muscle requlred the presence of functlonal.

endothelral cells, and that acetylchollne actrng “at muscarlnrc receptors -on the :

endothelial cells stlmulated the release of a substance that caused relaxatlon Since
then |t has been shown that endothellum-dependent relaxation |n vascular smooth

muscle is medlated through cGMP and nitric oxrde is the dlffusuble endothelium-

derrved relaxrng factor which stlmulates productlon of cGMP by soluble guanylate |

N cycla_se (Furchgott et 'af.,)1984,_Rapoport & Murad, 1983, Furchgott, 1988, Ignarro et
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1988) However to date the mechanlsm of actlon of cGMP in vasodnlatlon in
vascular smooth muscle has not been |dent|f ed.
~Some of the mechanlsms presently conS|dered to explaln the effects of cGMP in
vas_cular,smooth' muscle relaxatlon mclude: (1) stimulation of a sarcolemmal Ca -
ATPase (Popescu et al., 1985) (2) actlvatlon of the Na'/K'/CI -transporter
(O'Dorinvell & Oylren, 1986)‘,,(3)_7act|vat|on of. the Na ‘/ICa** exchanger (Furukawa et al.,
g 1991'), u‘(4()vinhibit'ion'of Caz" »_,translocation-»vacros_sl the plasrna membrane (Collins et a/.',
1985; Ishikawa et al., 1993; VC_’olIins et al., 19865 .Mery et al., 1991, .Tohsev:&' Sperelakis, ,
1§91), (5) aCCeleration of .Caz"' uptake into the sarcoplasmic reticulum‘(Twort & van
| Breemen 1988)' (6)'inhib’ition of Cazf release'from intracellular storage sites (CoIIins'et
" al., 1986) (7) phosphorylatlon of myosm l|ght chaln klnase (lehlkawa et al 1984) (8)
| phosphorylatlon of cGMP-dependent cAMP phosphodlesterase (Méry et al.; 1991) or 'l
‘(9) phosphorylatlon of the contractlle machmery (Baltensperger et al., 1990) '
Consnderlng the S|gn|f|cance of |ts role in the regulatlon of vascular muscle tone |t is
| unllkely a. smgle mechanlsm is responsuble for the effects of cGMP rather several
mechanlsms probably contnbute to cGMP—dependent vasodllatlon “
If, as Colllns and co-workers suggested cGMP inhibits |ntracellular ca* release
there are three mechanlsms by which ¢cGMP could operate (1) blocklng productlon of
.IP3 through PLC (2) bIocklng IP3 blndtng or actlvatlon of the sarcoplasmlc retlculum
receptor or (3) hastenlng IPs |nact|vat|on or. metabollsm A cGMP dependent blndlng ‘_
| proteln,<_ cGMP-regulated ion - channel "or cGMP-bundlng cy_cllc nucleotide’

phosphodiesterase, may rnediate the effects of the nucleotide (Lincoln & Cornwell,

1993).
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Confllctlng results have been reported for the effects of cGMP on Pl hydrolysrs
8- Bromoguanosrne 3‘ 5'-cyc||c monophosphate (8 bromo—cGMP) a stable membrane

permeable analogue of endogenous cGMP, |nh|b|ted Pl accumulatron mduced by_ ,

noradrenallne and thrombln |n rat aorta and human platelets respectlvely (Rapoport

.1986 Nakashrma et al 1986) Furthermore PI hydrolysrs in human platelets was”,_ L

| |nh|b|ted by sodlum nrtroprussnde whrch elevates cGMP (Takan et al 1981) However

the vasorelaxant osthole lncreased cGMP levels in rat aorta wrthout affecting |nosrtol '

phosphate formation (Ko et aI.,_ 1992). ‘8-Bromo-cGMP did not» block noradrenalrnee . "

lnduced Pl hydrolysis in canine femoral artery (Eskinder et al., ,19}89). »F-inally,, dibUtyryl- _

cGMP did not mo'dify 'the’carbachol-induced formati_on of inositol phosphates in rat .

 gastric muco_sal-cells li(iPuurun:en"et al, 1987). .

16 | Expenmental Objectives

The regulatory :effects of cGMP on. the biochemlcal IPs sec'ond.messenge'r'

| 'casCade of vascular .smooth muscle contraction were investigated. The rat caudal .
_a_rtery was the preparation used. in this study.- It has been previously demonstrated that

‘ agonist—mediated.Fv’l hydrolysis is 10-100 times greater inlthe rat caudal artery- than the'
larger’ more freqUently' employed -rat' thoracic aorta }(Labelle. & AMurr‘ay,-- 1.990)..1
‘Therefore accordmg to these researchers the rat caudal artery appears to be the .

- Abetter preparatron to mvestrgate the relatlonshlp between Pl hydrolysrs and contractlon

| Specmcally, the objectlves of th|s study were (1) to determlne whether or not

" PLC actuvuty in rat caudal artery |s dependent on extracellular ca%, (2) to determlne

,whether -or no_t a pertussis .toxln sensrtlve G-proteln mediates afadrenoceptor '

contraction, (3) to establis_h whether or not _cGMP.'.blocks IP3' prod_uction,.(4) to .
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determine whether orn‘ot rat caudal artery contains two functionally distinct intracellular
.Ca2+ stores,--one senSitive to ryanodine, the_' other to IPs, and (5) to compare the relative
contributions of intracellular and extracellular Caé"to contraction in rat caudal artery
and rat thoracic aorta. | | |
Phenylephnne -induced PI -accumulation- and: contractlon were measured in
denuded rat. caudal artery in the presence and absence of extracellular ca* The
effects of 8 bromo—cGMP on phenylephnne mduced contractlon and PI hydrolysus were
investigated in rat caudal artery The effects of the nucleotlde were compared to those g
of felodipine, a dlhydropyndlne Ca*-channel antagonist and ryanodine a putative
depletor of intracellular Ca** stores The effect of pertussrs toxun on phenylephnne- »
induced contractlons was |nvest|gated in rat caudal artery Flnally, comparatlve’

‘contractlle studles in rat aortic rlngs ‘'were carrled out ln the presence and absence of -

felodrplne and ryanodlne
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2.  MATERIALS AND METHODS
2.1. Phosphatidylinositol Hydrolysis in Caudal Artery

Male Sprague-Dawley rats (—300-400 grams)"were anaesthetized with sodium
pentobarbital (65 mg kg'1) i.p.. The caudal artery was dissected free and cleanedl of
}connective tissue in Krebs-bicarbonate buffer of the following composition (in mM)'
» NaCl 120; KCI 46; glucose 11 MgClz, 1.2; CaCly, 2.5; KH2P04, 1.2; NaHCO:;, 25.3.

The pH of the buffer foIIownng saturatio_n witha 95 % 02:5 % COz gas mixture was 7.4.

The composition of the Ca -free' buffer was the same, except that CaCIz was omitted -

- and replaced wnth ethylene glycol bis(B-amino-ethyl ether) N N, N, N' tetraacetic acnd-.

- (EGTA) (2 mM). The 'endothelial cell Iayer was removed fro_rn cleaned arteries by -
inserting a wire through the lumen and rubbing gentiy'

Phosphatndyhnosntol hydrolysns was assayed as descnbed prewously by Cheung
et al. (1990) Artenes were cut |nto 1cm segments and mcubated in buffer at 37°C for
60 minutes the incubating buffer was changed every 20 minutes The tissues were
transferred into 2 of mI fresh buffer containing 6 uCl mi™* [H] myo-unosntol to load for 90
, minutes Loaded tissues were washed five times with |ce—cold Krebs before being put
into individual assay tubes containing 10 mM LiCl in 300 u| buffer at 37°C It has
»prewously been demonstrated that Li* enhances the: accumulation -of |nositol
phosphates_ by inhibiting metabolism by monopho'sph_atase;' maximum enhancement
resulted from 10 mM Li* with an ECso Of 0.2 rhM.(Cheung et al., 1990). Ca,z"-free Krebs-
bicarbonate buffer, containing ‘EGTAV(2' mM) was used to wash, and later incubate "

those tissues that would be stimulated by phenylephrine in the absence of extracellular
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ca*. llndividual assay tubes contained felodipine (10 nM), é-bromo-cGMP (10 uM) or .-
’ “double distilled water (9 ul),'and"tissues“ were allow’ed to incubate.f'or 20 minutes before
phenylephrine (6.3-30.0 uM) from serial dilutions or double d'istilled water (9 ‘ul) was
added. lndividual tubes were gassed continuously with a mixture of 95 % O, : 5%
CO.. | -’ | | ) |
| Stimulation with phenylephrine was. stopoed after 45 minutes by adding 300 pl of |
ice-cold trichloroacetic acid (1 M) to each }samp}le- Tubes were left on ice’ for 30 minutes
and then vortexed. Aliquots (500 ul) were transferred to clean assay tubes and washed

' _W|th 2 volumes of water—saturated diethyl-ether f ve times After the final wash resrdual

. ether was rapidly evaporated by bIowrng alr across the surface of the sample Part of -

| each. sample (400 ul) were. then transferred to a clean tube and NaHCOs (100 mM) _
added to adjust the pH to 7-8 Aliquots (400 ul) were then ‘applied to Dowex-1 (x8)
'anion-exchange. columns (formate form, 1005200 mesh, 1 ml). Column_s were washed
- with 12 ml of unlabeled 'myo-inositol (5 mM).' Tritiated inositol phosphates were then
eluted with 12 ml of 0.1 M formic aC|d/ 1M ammonium formate Two volumes of Scmtl-
~ Safe 30 % scrntillant were added to the two 6 mI aliquots collected and the radroactnvrty
~was counted in a Packard 1_600TR Ilqwd scintillation counter. The effncuency of the
~ counter was 67 %. At the completion of ‘each experiment, each tissue wasblotted_and
“ weighed to normalize the radioaCtive 'counts-'per mg wet weight.H '
2,2;;_ ‘Contra(:tile Studies in Caudal "Arter'y»
' ‘.‘Caudal "arteries ‘were isolated‘- as.‘i .described ,tor' the} phosphatidylinos’itol

.l hydrolysis\studies, except that the tissues were .cleaned in ice=cold buffer and cut into
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0.6 cm Iengths Tissues were mounted in 20 ml. organ baths at 37°C under a force of -

- 9.8 mN and gassed contrnuously wrth a mixture of 95 % Oz :5 % COz Contractrons | |
were measured through a force transducer and recorded on a Grass Model 7 3
Polygraph. The tissues wer_e,equrlrbrated for 60-m|nutes. Phenylephrrne (1 uM) was |

| then used to‘ contract the tissues and acetylcholine (10 prl) was applied to ensure'the.

‘ functional endothelral response had been removed Tissues were left for 30 minutes
before a control concentration -response curve to phenylephrlne (0.01 uM 100 pM) was
constructed Follownng constructlon of control concentration-response curves,
felodrprne 1& 10 nM), ryanodine 3 & 10 uM), 8 bromo-cGMP (10 uM), distllled water
A(6 or 20 pl).or a combrnatron of felodipine and 8- bromo-cGMP or ryanodine and 8- V_

‘bromo-cGMP were left in contact with the trssues for 30 mrnutes to be followed by
constructron of another concentratron-response curve to phenylephrine in the presence
of the”antagonists or wate‘r:'.' Tissues were aIloWed to equilibrate for 60 minutes
between concentration- response curves. When responses were generated |n the |

_ absence of extracellular Caz" Ca2+ free’ buffer was in | contact with the trssues for 15

minutes before a concentration-response curve to phenylephrine was constructed

2.3. Contractile Studies with Pertussis Toxin in Caudal Artery -

Caudal arteries were i‘solated and mounted as deScribed for the contractile
,Studies infcaudal artery ’detailed above. Following_v the"oontrol .concentration-response
cuRve to phenylephrine,¢tissues were allowed to‘.reSt for 30 minutes and then pertussis
, toxin (fOO ng/ml) or distilled,,water (40 ul) was added to the bath. The vtissues were

incubated for 2 hours and then washed 5 times. A second concentratio'n-response :



T
curve wlaslthen _generated for phenylephrine following the pretreatment,With pertussis
to>tin. - | | | .
2.4, Contractile Studies Thoracic Aorta.
Rats were anaesthetized‘ as described for- the phosphatidylinosrtol hydrolysrs' f», .
| _'studies in caudal artery detailed above and the thoracrc aortae rapldly removed and
placed in Krebs-'bicarbonate buffer. Ao_rtae were __cleaned of extraneous connective
- tissue and the endothelial layer removed by inserting a 20 gauge needle int‘o_the Iumen
. and gently rubbing Aortas were cutinto 0.5 cm seg'ments and mounted'in 20 ml organ '
~ baths at 37°C under a force of 9. 8 mN and gassed continuously wrth a mixture of 95 %
0,:5% COz Tissues were allowed to equnibrate for 60 minutes Phenylephrine (10

pM) was then used to contract the tissues and acetylcholine (10uM) was applied to

ensure the functional endothelial response had been removed Tissues were left for 30 T

, mrnutes before a concentration response curve to phenylephrine (0 1 nM-10 uM) was
constructed. - Following construction .of control concentratlon-response curves,

.fe'lodipine (1 nM & 10 nM) ryanodine (3 uM and 10 uM) or distilled water (80 ul) were

c added and left in contact with, the tissues for 30 minutes to be followed by construction

of another concentration—response curve to phenylephrine in the presence of felodiplne'
or ryanodine Tissues were allowed to. equrlibrate for 60 minutes between

o concentratron response curves.
2.5, Data and Statistical Analysis

In the absence of an antagonist, Pl hydrolysis was_maxirnurn in the presence of

.10 uM phenylephrine. Therefore, in experiment_s involving the use of an antagonist,




results are expressed.a's a percentage'of the maxirnum Pl turnover'induced by 10 pM
phenylephrine in Untreated control tlssues. Ea‘ch/ experiment was run .-parallel .totwo
such controls of' whiCh the‘average-radioacti\'/ity:'per}mg' wet weight was.'calculated.v
Results from contractlle studles were- calculated as a percentage of maxnmum |
_contraction |nduced by phenylephrlne in the absence of antagonlsts 'Percent
~maximum, H|ll coeff|C|ent and ECs,'values were calculated for lndlwdual curves usmg a
program executed on an IBM compatrble m_ncrocornputer (Wang & Pang,: 1993). These |
’ parameters were determined by fi tting 'the ’percent contractile 'respon‘se’vat' increasing
concentratlons of phenylephrlne [PE] by non-llnear least squares to the relatlon Y=a
+ bX where Y = response and X [PE] / ([PE] + [ECso] ) wnth ‘n f xed at “floatlng '
mtegral values to obtaln the best flt |
Companson of Pl hydrolyS|s between control and correspondlng experlments |n-'}
' "the presence of an. antagonlst were made usrng an unpalred Student’s t-test ‘For the
results of the contractlle studles an analysns of variance block desngn was used for
comparlsons.between control and treated tlssue values for % maxumum H|ll coeft" cient
| ~and ECso. For multlple comparlsons Duncans multnple range test was used to -
compare between means. For all cases, a probablllty of error of less than 0 05 was

selected as the ,cr_gterlon for statlstlcal SIgnlflcance.
26. Chemicals
8 Bromoguanosune 3’ 5’-cycl|c monophosphate sodrum salt (8 bromo-cGMP) L-

phenylephrlne HCI and ethylene glycol bls(B-ammo-ethyl ether) N, N N, N’-tetraacetlc

acid (EGTA) were purchased from Slgma Chemlcal Co (Ca USA) Myo-[2-3H(N)]-

mosutol (17 0 C| mmol ), ryanodlne and salt free pertussus toxnn were purchased from




»‘Amersham (Ont Canada) Calblochem (Ca USA) and L|st Buologlcal Laboratones; ‘
‘(Ca USA) respectlvely Felodlprne was a glft from Hassle (Sweden) Wlth theﬁ

exceptlon of felodlplne aII drug solutlons were prepared in double dIStI"ed water A 10

}mM felodlplne stock solutlon was, made |n 80 % ethanol dllutlons were made wrthf‘ L

double dlstllled water AII other chemlcals -were purchased from Flscher Scuentrt” c

(B.C., Canada). " .’
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R RESULTS'- .

_ 31 Phosphatldylmosnol Hydroly5|s |n Caudal Artery

l’henylephrlne (O 3-30 uM) lncreased Pl hydrolyS|s ina concentratlon deoendent |
3 manner A max1mum accumulatlon approx1mately 10-t|mes greater than ‘basal .‘ |
.accumulatnon was achleved at a concentratlon of 10 uM phenylephrme (Flgure 1) The
o ‘add|t|on of phenylephrlne greater than 30 uM sugnlfucantly decreased Pl hydrolysus ‘4
' when compared to maX|maI PI accumulatlon (results not shown) Slmllar effects have
' -been observed in rat caudal artery wnth supermax1mal concentratlons of noradrenallne o
. (Labelle & Murray, 1990) | | | | A |
Phenylephrlne |nduced Pl hydrolyS|s was not affected by 8- bromo-cGMP (10 )
B uM) and maXImaI accumulatlon remalned approxnmately 10-fold above basal dpm mg :

'.’wet welght (Flgure 1) In contrast felodlplne (10 nM) caused a notlceable decrease |n _

k]

- _ Pl hydrolysns at all concentratlons of phenylephnne tested (Flgure 1) ThIS decrease

E "‘was found to be statlstlcally S|gn|f icant (n 6; p < 005) at’1, 3 and 10, uM |

‘phenylephnne Max1mum accumulatlon was only 7-fo|d above basal dpm mg wet -

: ,.welght Max1mum hydrolyS|s was restored by 30 uM phenylephnne although ,
= accumulat|on remalned notlceably below the control value We also found that Pl .
-',accumulatlon mduced by phenylephrme could be completely abollshed in.the absence ,

,»_I_,.‘of Ca2+ (Caz*-free buffer contamlng 2 mM EGTA) lt was noted that basal Pl, |

accumulatlon was not affected by 8- bromo-cGMP felodlplne or Ca ~-free buffer
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F|gure 1. Phosphatldylmosntol accumulatlon in rat caudal artery in the presence

and absence of 8- bromo-cGMP felodlpme or ca* free buffer.

Phosphatldyhnosnol accumulation in rat cauda| artery induced by phenylephrlne
in the absence (open) and presence of 8- bromo-cGMP (left-to-right hatched) or 10 nM
felodipine (right-to-left hatched) or Ca**-free buffer (2 mM EGTA) (cross hatched). _

Percent accumulation calculated relative to the maximum accumulation induced by 10
1M phenylephrine in the absence of an antagonlst Basal accumulation for control and
treated tissues was 215 + 20 dpm mg wet welght (mean + S.E.; n =24). Each column"
represents the mean of six experiments + S.E. * Slgnn‘“ icantly dlfferent from control (p <
0. 05) , .
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3.2, 'Contractile Studies in Caudal Artery
Concentration response curves to phenylephrine were displaced to the right in
~ the presence of 8- bromo-cGMP (10 uM) (Figure 2) 8- Bromo-cGMP srgniﬁcantly (n 6,
: Ap <0. 05) decreased the maximum tensron and mcreased the ECs Of the concentration-’. :

' response curve the Hiil coefﬂcrent was not affected These effects were unchanged by

' I8-bromo-cGMP (10 uM) in ,a._. subsequent concentration-response curve to'

” A phenylephrine (Table |)

In the presence of felodiplne (1 & 10 nM) contractlons induced by phenylephrine ”
_were attenuated (Figure 3). Felodipine at-1 nM and 10 nM srgnificantly (n=6;p%<
- 0.05) reduced the maximum tension td 77 £ 8 % and 57 1‘3 % of ‘control, respectively.
However, the .EUC;,O and Hill coefficient values vvere unchanged in the presence .of |
. felodipine '(Table ). Ryanodine .(3 & 10 uM) aiso inhibited phenylephrine-induCed
contractions (Figure 4), and it sngnificantly (n =6, p < 0. 05) reduced the maX|mumf '
response and mcreased the ECso value without affecting the Hill coefﬁcrent (Table I) -
Addition of ryanodine did not -affect baseline tension. iViaxnmum response, Hill
coefficient 'and ECso:}were not-affected following addition of distilled water over time
" (Table l). The maximum tension of _the control curve in the‘tir'ne study was 2.69 i 0475
| rnN‘ (mean i'SV.E;; n=6). . R
| Contractions vinduced by. phenylephrine vve're'“ ‘not, further 'inhibited . hy
. simultaneous application of 8-bromo-cGMP and felodip‘ine 5'as compared to felodipine '
alone (Table l" Figure 5). In contrast concomitant applicatlon of 8- bromo-cGMP and

ryanodine srgnifcantly v(nf= 6 p<0.05) , |nh|b|ted , contractions
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Fighre 2. Qontra_ctions 'in rat 'ca‘udal artery in the absence and presence of 8-
bromo-cGMP. |

Cumulative concentration-response curves in rat caudal artery to phenylephrine
in the absence (circles) or in the presence of 8-bromo-cGMP (10 uM) for the first time
~ (squares) and for the second time (triangles). Each point represents the mean of six
experiments + S.E. Maximum tension in the absence of antagonist was 4.17 + 0.68 mN
(mean+S.E;n=6). : B i '
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Table L. Phenylephnne-mduced concentratlon-response curve results obtamed
_ ‘ : from rat caudal artery preparations m the absence and presence of vanous '
antagomsts
ECso, Hill coefficient (n) and % maximum response values obtalned from

~ individual concentration-response curves in rat caudal artery preparatlons Each value. ~
represents the mean of snx experiments + S.E.

o ~ Groups - CECa(uM) . n % Maximum_
- ' Control . 125+018  1.10+£006 102£1°
B §-Bromo-cGMP (10 M) 265:0.35°  1.32+0.07° 81 +3°
- © 8-BromocGMP (10uM) | 316+049"  125:006 8015
» Control | 1.49+028  092:004 - 104%1
| Felodipine (1 nM) 3.51+£0.98 1.03+0.10 77+ 8
- Felodipine (10 nM) 263+045 . 1.11+0.09 57+3% -
~ Control 1294019  1.10+0.10 102+ 1
i Ryanodine (3 uM) 1.96+027° 1.03+006 816"
1 ' Ryanodine (10 uM) 2.17 £ 0.32° 1.03 £ 0.08 76 + 8°
o Control . 089+0.18 . 0.92+0.04 104+ 1
- Fel(1nM)+8br (10uM) ~ 260+0.25°  121£005 = 74+4°
o Fel (10nM) +8-br (10uM)  383+0.28%  1.25+0.05 59 15®
- Control 1624036  145+003 102+1
|  Ry(3uM)+8br (10uM) - 353081  120£009 52+ 7%
: Ry (10uM) +8- br (104M) - 352£0.70 137 £0.13 38+ 9%
| Control 095012 116010 . 101+1
@ Ca*'-free N N N
\ + Ca®* (2.5 mM Ca®) 101£012 = 120£008 = 103%3
Control. 148+003  1.01£007  103+1
Distilled H,0 (6 yl) 156031  1.10+0.05 102+4
152£025  1.05+0.07 1 103+6

Distilled H,O (20 pl)

Fel = felodipine; Ry = ryanodine; "Significantly different from control, p < 0.05;
Significantly different from the first concentration of drug, p < 0.05; °Significantly
different from the same concentration of ryanodme alone, p < 0.05; N =no measurable
) .flncrease in contractlon above restlng tensmn :
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Flgure 3. Contractions in rat caudal artery in the absence and presence of

felodlpme

Cumulatlve concentratlon-response curves in rat caudal artery to. phenylephrlne

in the absence (circles) or in the presence of- felodipine, 1 nM (squares) and 10 nM

" (triangles). Each point represents the mean of six experiments + S.E. Maximum
~tension in the absence of antagonist was 3.04 + 0.22 mN (mean £ S.E.; n = 6). ;
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induced by phenylephrinein comparison-to ryanodine alone (Fig'ure 6). . Ryanodine (3 '
- WM & 10 uM) alone lowered the maxrmum contraction to 81 + 6 % and 76 + 8 % of A
control; respectlvely, and when comblned wnth 8-bromo-cGMP these values were
'further reduced by 29 % and 38 % of control respectively (Table I)

‘ Attempts to produce contractlons wrth phenylephrlne in Ca -free buffer were
unsuccessful (Figure 7). Addition of Up to 300 uM phenylephrlne did not produce
rcontra_ction However, re- mtroductron of Ca lnto the bath restored contraction to
‘phenylephrrne wrthout affectlng: the vmaxrmum»tensnon, Hltl coeffrclent or ECs in
‘comparison to_ th‘e control (Table I).. | - | o .

33 Contractile Studies With‘P.ertussis Toxin |n Caudal Artery
Concentration-.r'esponse curves tophenﬂephrine were_ not affected by pertu‘ssis"..,'
toxin (100 nglml) (Frgure 8) Maxrmum tensmn ECso and Hill - coeffi crent were'.
unchanged by pertussrs toxrn (Table II) Maxrmum tensron ECso and H|II coefﬂcrent “
- were not affected by the addltron of dlstrlled water over tlme (Table II) The maxrmum' '

tension of the control curve in the t|me study was 2.19 +0.29 mN (mean+SE.;n= 6). :

3.4. . Contractile Studies in Thoracic Aorta

Concentratlon response curves to phenylephrlne were dlsplaced to the rlght ln"_ . ‘

the presence of felodipine (10 nM) (Flgure 9). Felodlplne (10 nM) signifi cantly (n=4;p
< 0.05) lowered the maxmumtenslon and mcreased the_ECso (Table ). -The Hill

* coefficient was not affected by pretreatment with felodipine. Felodlplne (1 nM) did not’

,affect the concentratnon-response curves to phenylephrme
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‘ Ryanodrne (3 uM) did not srgnrfcantly (n = 4 p < 005) affected the
concentratlon response curve to phenylephrlne maxrmum tensron ECso and Hrll
coefﬂcnent remained unchanged (Flgure 10 Table ll). Ryanodlne (10 uM) increased
_t_he rnaxnmum tension wrthout'affec_trng ECso and HI" coefﬁcrent; howeyer, the time
control showed a»similer, -.but insignificant tren,d (Figure 10; Table‘jl-ll)., 'Ma>-<imum
tension ECsd and Hill vco‘effici‘ent were nof affected- by the addition of distilled water
over time (Table ). The maX|mum tension’ of the control curve in the trme study was

- 1047i093mN (mean:tSE n= 4)
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' Flgure 4, Contractlons m rat caudal artery in the absence and presence of '

ryanodme

Cumulat:ve concentratlon-response cufves in rat caudal artery to phenylephnne’

| ln the absence’ (circles) or in the presence of ryanodme 3 uM (squares) and 10 uM_' .
" (triangles). Each point represents the mean of six experiments + S.E. Maximum -
' tensnon in the absence of: antagomst was 4 70 0. 71 mN (mean + S E.n= 6)
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' anure 5 Contractlons in rat caudal artery in the absence and presence of

felodlplne plus 8-bromo-cGMP

Cumulatlve concentratlon-response curves in rat caudal artery to phenylephrlne o
in the absence (circles).and in the presence of 1 nM felodlplne and 10 pM 8-bromo-

cGMP (squares) or 10 nM felodipine and 10 uM 8-bromo-cGMP (triangles). Each point - .

represents the mean of six experiments + S.E. Maximum tension in the absence of
antagomsts was 5.29 £ 0.97 mN (mean +SE.;n= 6)
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Flgure 6 Contractlons inrat caudal artery in the absence and presence of

ryanodlne plus 8-bromo-cGMP

Cumulative concentratlon-response curves in rat caudal artery to phenylephrlnel- o

in the absence (circles) and in the presence of 3 uM ryanodine and 10 uM 8-bromo-
cGMP (squares) or 10 uM ryanodlne and 10 uM 8-bromo-cGMP (triangles). Each point
" represents the mean of six experiments + S. E. Maximum tensnon in the absence of
antagomsts was 3 79+ 0.51 mN (mean + S E n= 6) - '
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' Flgure 7 Contractlons in rat caudal artery the presence and absence of o

: extracellular Ca

Cumulatlve concentratlon-response curves in rat caudal artery to phenylephrme
in the presence of Ca* (circles), in the absence of Ca** (2 mM EGTA) (squares) and
after Ca®** had been reintroduced (triangles). - Each point represents the mean of six
experiments + S.E. Maximum tension in the presence of extracellular Caz’ was 4. 97 +

' '063mN(meanj:SE n= 6)
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Flgure 8. Contractlons in rat caudal artery in the absence of pertussns toxln and

following pretreatment W|th pertussus toxm

, . Cumulative concentration-response curves in rat thoracic aorta to phenylephnne

in the absence (circles) or in the presence of pertussis toxin (100 ng/ml) (triangles).
Each point represents the mean of six experiments + S.E. Maximum tension in the
absence of antagonist was 3.76 £ 0.64 mN (mean+S.E.;n=6).
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Table In. Phenylephnne mduced concentratlon-response curve results obtamed

from rat caudal artery preparatlons in the absence and presence of pertussus

toxm

ECso, Hill coefficient (n) and % maximum response values obtained from
individual concentration-response . curves in rat caudal artery preparations in the
presence and absence of per’tusms toxin. - Each value represents the mean of six
experlments + S E.

Groups ECso (1M) ' n % Maximum

Control 1.51 £0.05 1.49+0.06 100 £ 1
Pertu33|s toxin (100 ng/ml) 1.28 £0.10 1.37 £ 0.04 104 + 4

Control - 1.72+0.21 1491017 - 101 %1
Distilled H20(40ul) - 166+022  148+015 - :106+6
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Flgure 9. Contractlons in rat aortlc tlssue in the absence and presence of

felodlplne

- Cumulative concentration-r'espons‘e curves in rat thoracic aorta to phenylephrine
in the absence (circles) or in the presence of felodipine, 1 nM (squares) and 10 nM
(triangles). Each point represents the mean of four experiments + S.E. Maximum
~tension in the absence of antagonist was 11.64 + 0. 51 mN (mean £ S E n = 4). |
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from rat aortic tissue in the absence and presence of vanous antagomsts

ECso, Hill coefficient (n) and % max1mum response va|ues obtalned from"

i

|

‘ -

) - Table lil. Phenylephnne mduced concentratlon-response curve results obtamed

' mduwdual concentratlon-response curves in rat thoracic aorta preparatlons Each value
represents the mean of four experlments +8S. E : :

ECM(HM)'“

: Groups B n | % Maximum
Control -~ 6624  1.42+0.24 93+1
Felodipine (1 M) 31.3+78 1.47 £0.17. 86+3
Felodipine (10.nM)’ 63.0 + 17.2a ©.0.94+0.12 74+3°
Control " . 78+20 - 164012 . 9441
Ryanodine (3 tM) 1401 o;ii., 1.53+006 © 972
'Ryanodine (10 uM) 130430, 167£034 1042
Control . = ' 17.0£82  1.78+061 103+7
Distilled H;0 (20 pl) - 16.0+34 179004 106+4
Distilled H20 (20 i) ©1.44+0.12 11245

-220+6.0 -

' “Significant‘lyrdifferent from control, p < 0.05
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Flgure 10 Contractlons in rat aort|c tlssue in the absence and presence of

ryanodlne

' Cumulatlve concentratlon response curves in rat thoracic aorta to phenylephrlne '
in the absence (circles) or in the presence of ryanodlne 3 uM (squares) and 10 uyM
(triangles). Each point represents the mean of four experiments + S.E. . Maximum
tension in the absence of antagonist was 10 84 £1. 52 mN (mean + S E n= 4)
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4 DISCUSSION

This investigation foundl'that' ‘phenylephrine-induced mosrtol phosphate
accumulation and contraction in rat caudal artery were critically dependent on the
presence of extracellular Ca®. The |nﬂux_ of Ca requiredv for phenylephrine-induced ‘
inositol phosphate 'acournulationvand contravction was reg_ulated‘, -in a small part, by
' fe.lodipine sensiitive \C.;.azl' channels. Pre;.treatrnent with pertussis.toxin did not impair‘ the -
'phen)rleph'rine—media‘t'ed exoi‘tation-.contraction: coupling rnechanis.rn in rat caudal artery
8- Bromo-cGMP Iowered the maxrmum phenylephrine mduced tensmn when apphed
alone, but did not additively inhibit contraction when applied concomitantly with
felodipine. 8-Bromo,—cGMP dld not block phenylephrine-lnduced |nos|tol phosphate
~ accumulation. - Ryano‘dine’ inhibited phenylephrine-induced oontraotions, and" these
inhibitory effects were significantly potentiated.in the presence of é—brorno-cGMP.

vIn rat thoracic aorta, pre—treatment with felodipine \iveakyly,‘ but significantly, |
reduced the maximum phenylephrine-induoed contraction; ihowev_er, _pre-treatment with '
ryanodine did not af‘feot phenillephrine}-'induced' tension ‘under normal pharrnacological
~ conditions. o | -
4.1. IntraoeiIUIar Versus Ext'racellular Ca™

According to a classiﬂcation scheme derived by Han and co-workers_ in 1 987, d1-
adrenoceptors that induce an influx of eXtraceIIular Ca”,are designated'oua, while d1_
adrenoceptors that mediate P hydroiysis are aﬂ,. More recently, however Wilson and
Minneman (1990) suggested that both oy’ subtypes induce mosrtol phosphate

accumulation but differ wrth respect to their mechanisms of activation According to
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'Wllson and Mlnneman (1990) the Olta subtype medlates PLC actnvnty that is mduced by |

»Caz" |nflux while the (o 219 subtype actlvates a Ca |nsensmve PLC.

The heterotrlmerlc guanlne nucleotlde-blndlng protelns (G protelns) that couple'-,

surface receptors to secondary effectors have been clasSIf ed as members of the. G./Go,
_Gs, G12 or Gq famllles (Slmon et al., 1991) Upon stlmulatlon of the receptor the
guanosme dlphosphate (GDP) bound to the o subunlt of a G protein is exchanged for -

GTP and the G proteln trlmer d|$$0C|ates to the functlonal G subunlt and Ga/G,

complex Gene transfectlon studles have demonstrated that au,-adrenoceptors can

~interact favourably with all four members of the G famlly, Ga14, Gam‘,' Geq and Ga11,

_ coupllng noradrenallne receptor-blndlng to mosntol phosphate accumulation; however,

oc1,-adrenoceptors can only interact-favourably with G.q and Ga" (Wu et al., 1992) o
Bordetela pertuss:s toxin. catalyzes ADP-ribosylation at the a subunit of sensntlve G'
proteins, uncoupllng the proteln from its associated" receptor and inhibiting activities
medlated by the 'dlssoc1ated, Ga subunlt and Gy/G, complex. The G.,IG. family  is

sensitive to pertussls toxin 'although most tissues are .insensitive to bacterial_toxins

V(Wu et al., 1992, Smrcka et al,, 1991).

E PLC is the enzyme responsnble for hydrolyzmg membrane phosphollplds to .
intracellular second messengers. Three famllles of phosphoinositide selective PLC

enzymes B, & and y, have been identified and subclassnf ed on the basis of their .

molecular structure and mechanism- of regulatlon (Rhee & Ch0| 1992) Although the

[

..actlwtles of all three families are Ca dependent, thelr mechanlsms of actlvatlon '
' appear to differ (Rhee & Choi, 1992). The B isozymes appear to be actlvated through'

G protelns coupling surface receptors (Wu et al., 1992) the y |sozymes may be‘
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activated when phosphorylated by a tyrosme kinaselreceptor (Rhee & Ch0| 1992) and
the & isozymes may be activated by Caz* (Hamet et aI 1995)

‘ PLCI can be  activated by both the G. subunlt or 'the Gp/G, complex(Katz et al.,
1992). Hdwever;- gene transfection studies have dernonStrated that certain G protein
; s.ubunits couple signit“ cantly more effeotiv'ely with speoif c PLC is'oiyrnes For exarnple :
it has been reported that Guq and Ga" activated PLC- B1 but not the -'y1 -81 or —BZ '
|sozymes (Wu et al 1992 Smrcka et al 1991 Aragay et aI 1992 Park et al 1992

| Lee et al 1992) In addltlon Gms, but neither G.,q nor Ga", activated PLC B2 (Schwrnn‘

et al., 1991 Lee et al,, 1992)
4.2. a1-Agon|st-lnduced COntraction'in Rat Caudal Artery
vUnfortunately,“the' PLC isozymes in rat’caudal artery have not yet ’been
identified. However the results of this study and results previously reported strongly
| _suggest that in rat caudal artery, a,,-adrenoceptors are coupled through a Gaq/Gmf
proteln to PLC B1 and PLC-61 |
Agonist-induced contractile studles in the.presence of the a1a—adrenoceptor
‘antagonist SZL-49 demonstrated that nerve terminals in rat caudal artery are only’ |
‘ assomated with a1a-adrenoceptors (Plasmk et al 1991) Therefore Pl hydrolysrs inrat
caudal artery |s Iikely mediated through a,,-adrenooeptors
Rosenthal _and colleagues (1988) noted that a number ‘A .of systems.,
adrenocortical cells and rabbit pulmonary artery included, ‘were sensitive to both .

pertussis toxin and dihydropyridine ca® channel blockers Nicholas and co-workers :

(1989) reported a S|mllanty between the lnhibitlon patterns of the dihydropyndine Ca
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| _chéhhéi .b'lo'clter nifedipine and pertussis. to>tin on :agonist'-indu'ced increased Vdiastolic»
‘pressure in the pithed rat and suggested that tissues dependent on an |nflux of ‘Ca*
through voltage gated Ca channels would also be sensmve to pertussis toxun it was
demonstrated infthls. study that pre-treatment WIth fel_odipine, but not pertussrs toxin, ‘.
| affected phenylephrine-induced _contractions in ratvcaudal artery.‘ Furthermore, it has - ’
been r__eported that pre-treatment with pertussis toxin did not affect noradrenaline:-l |
inducevalturnover in rat caudal a.rtery (Cheung etal, 1990). Therefore, the G protein
coupling the m,—adrenoceptor to PLC |n rat caudal artery is pertussis toxin insensitive,
- and a member of one of the G, Gq or G,z families Accordlng to Wu and co-workers :
- (1992), the am-adrenoceptor is .effectively coupled to the Gy family members Gaq_and _
G;,"‘,} and tissues expressingi_a,-adrenoceptors almost always simultaneously express'
GanGa11 proteins Therefore it.is likely that PI hydrolysis.in rat caudal artery is' "
. mediated through an a,.—adrenoceptor coupled toa Goo/Gai1 protein: ' |
" The present study demonstrated (Figure 1) that |nositol phosphate accumulation ‘
in rat caudal artery was critically dependent on the presence of extracellular Caz‘.. This -
' ‘is consistent with previously reported results; in rat caudal artery,lre)togenous ca®
enhanced noradrenaline-induced .Pl.hydrolysis in @ concentration dependent manner
| A (Cheung et al.,.. 1990).‘_ Wilson et’al. (1980) and Suzuki et al. (1990) suggested that
| aCtivation of'PLC by d,.—adrenoceptor 'agonists' is mediated through a G protein that
- activates sarcolemmal Ca channels and the resultlng Ca*" influx activates PLC The
‘PLC isozyme most likely activated in this manner is PLC-81 Gene transfection studies

' may fail to identify the |nd|rect coupling between Gaqua11 and PLC-51 |f a compatible

a1,-adrenoceptor-operated Ca channel is not ll’\ClUde in the transfectlon system.
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Therefore, Pl hydrolysis .in"rat.caudal artery is. prObably mediated through an oua-
- adrenoceptor coupled to a receptor—operated Caz" channel through a GanGcm proteln .
ca* |nflux through the receptor-operated channel then activates PLC-61
| However, the present study also demonstrated that - mosﬂol phosphate,
accumulation was partially depen'denti on Ca influx through felodipme sensntive Ca
- channels.: Inhibition by felodlplne |s unlikely to have resulted from non-specnf ic
intracellular effects as Ca -induced contractlons in permeabillzed smooth muscle cells
were not affected by pre-treatment with felodipine (1 nM) (Hagiwara et al., 1993).
Therefore, two mechanlsms of PI hydrolysns appear to operate sumultaneously in rat .
caudal artery, but differ with respect to the manner of Ca influx’ requrred for PLC |
: activation._ It is. possuble that a smgle tlssue may contain more - than one :
phosphoinosmde selective PlTC system, PI turnoverin human.umbillcal vein endothellal
‘,cells-reportedly contains two d}ifferent‘ G proteins coupled, to histamine and bradykinin
receptors (Voyno-Yasenetskaya et al 1989)‘ o

| ln rat: caudal artery, the second mosntol kphosphate pathway must share the auaz
adrenoceptor with the PLC-61 pathway as the ou.-subtype is. reportedly the only a,- B
adrenoceptor present (Pmscnk etal., 1991) Slmllarly, a G,,qIGaﬁ proteln ||kely mediates 4
both the PLC-61 pathway and the second pathway However the second PLC isozyme |
is probably PLC B1 as thls is the PLC |sozyme most effectively actlvated by G,,.,/G,,m -_ |
(Wu et a/., 1992, Smrcka et- a[:, 1991, Aragay et al., .1\99_2; Par_k et al., 1992; Lee et;al.,‘ .
. 1992). :ln the absenceof e)ttracellular Ca*, the second pathway is inactive, as is the

PLC-51 pathway. Below 0.1 uM Caz*, PLC-B1 activity is reportedly negligible (Park et

al., 1992). Therefore if the free mtracellular Ca concentratlon of a resting myocyte is.
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approximately 0.1 1M (Hartshorne 1982), Ca2+ must enter the ceII"befo're PLC-B1 can
operate effectively These. observations can be explalned if the a1.-adrenoceptor is
coupled to an ion channel whose opening |n|tiates a current that depolarizes the
, membrane and activates Ca® influx through felodlp_ine‘ sensntlve channels._
Subsequently,' Ca2; influx through the l_-type }channels sufﬁciently’ increases the |
.intracellular ca* concentration to allow activation of PLC B1 upon a-agonist binding

These observations are effectively summarized by an excntation-contraction

mechanism loosely based on models proposed by Van Renterghem et al. (1988) and -

NlChOlS et al. (1989) Van Renterghem et al (1988) descnbed a mechanism of action |
for endothelin- in A7r5 cells that addressed the observed dihydropyridine sensitivity of -
the agonist-lnduced contractions. Van Renterghem and co-workers suggested thatA
agonlst |nteract|on activated Ca -sensntive K* channels to induce a transrent |
'jhyperpolanzation followed by a sustained depolarization that opened non-specn‘” ic
cation’ channels aIIowmg an mflux of Caz" and Mg2+ this depolarization then activated
_L-type_ Ca* channels. Nichols et aI. (1989) - proposed a_model_ for o-adrenoceptor-
mediated vasoconstriction in w‘hich.the receptor was linked to two distinct G proteins,
one sensmve to pertussns toxin and coupled the receptor to Ca channels andvthe
other insensmve to pertussns toxun and involved in the mobilization of mtracellular ca*.
Excnation-contraction coupling in the rat caudal artery appears to |nvolve three s
receptor-coupled G proteins; one coupled toa receptor-operated Ca” channel, another'
coupled to an ion channel whose opening depolarizes the cell and the last coupled

Adirectly to PLC- B1 " Under normal pharmacological conditions a1-agon|st binding.

smultaneously opens ‘the two receptor—operated channels and readies PLC- Bl for'.'
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activation. The membrane _isdepolarized -and Ca® enters the cell through voltage-.
gated channels. and'receptor—operated' channels. - The elevated intracellular Ca*

concentration actrvates PLC-51 and completes the actlvatlon requrrements for PLC B1 -

“However, in the presence of an L-type channel blocker Ca2+ influx is reduced and

“subsequent activation of the Caz’.-actlvated.PLC,-81 and_Caz*-dependent PYLC-B1

attenuated. In the absence of extracellular Ca®*, neither excitation—contract_ion coupling

system operates as both PLC isozymes rely to some extenton extracellular Ca”t

Membrane potential and intracellular ca* COncentrations have"?been strongly

- correlated in rat mesenterlc artery (Nllsson et al.,. 1994) Changes to the membrane

potential of smooth muscle have been found to affect PLC act|V|ty, depolanzat|on is

_Vposrtlvely assocrated' with inositol phosphate accumulatlon while hyperpolarlzatlon

inhibits Pl'turnover (ltoh et al., 1992) These observatlons are consrstent wrth the

_ model of excnatlon-contractron couplmg described above Although depolanzatlon can
, result from an |nflux of catlons ‘or -efflux of anlons recent evrdence favours the latter
: mechanrsm in a1-adrenoceptor-med|ated actrvatlon of L-type Caz*. channels

‘ Noradrenallne mcreased CI efflux whrle depolarizing and contractlng rat mesenterlc

arteries, but |t did not alter the rates of K efflux or Na mﬂux (Vldebaek et al., 1990)

guinea-pig mesenterlc veins a rapld, noradrenallne-mduced depolanzatron had a

" reversal potential of 22 mV and was suppressed in a-low-chloride solution (Van

Helden, 19'88) Furthermore, noradrenallne decreased the Cr concentratlon of rat

portal veins W|thout effectmg Na" and K concentratlon (Wahlstrom 1973) Itis unllkely_

_ that changes to the membrane potential are the result of contractron and relaxatron as

drugs that cause relaxatlon (atrlal natriuretic factor substance. P and sodium



nitropru55|de) did not |nduce changes to’the membrane potential (Vldebaak et al, ' |
1990). Therefore, |t appears that the ion channel activated by a,,-adrenoceptor'
agonists is an anion channel, and Clis the_ anion w‘hos‘e'efflux is responsible for
' myocyte depolarization. However; altering thev membrane potential is unlikely _to.affect,

a simple electrostatic response-'in excitable Cells |
4.3. Ryanodine Sensmve Ca Store in Rat Caudal Artery

In rat caudal artery, ryanodine |nh|b|ted phenylephrlne |nduced co'ntractions:
| indicating that a ryanodine sensitive contractile mechanism is present |n the tissue and
requrred for maX|maI a1-agonist-|nduced contraction Because phenylephrine induced
‘contractions were abolished in the absence of extracellular 'Ca ~all the oc1-“_
’adrenoceptor-mediated excutation—contractlon coupling pathways |n caudal artery ,

“including that sensmve to ryanodine are critically dependent on extracellular Ca The

. Ca?*-induced Ca release mechanism effectively explains these results within the

' context of the ou-adrenoceptor excnation-contraction model described above. Under o

normal pharmacologiCal conditions, ou-adrenoceptor agonists appear to activate Ca '
- influx through receptor-operated and voltage-gated channels. In addition to ‘regulating
PLC activity, the “increased intracellular Ca* may initiate Ca® release trom the
ryanodine sensitive store. lino (1989).p’rovi_ded direct eyidenoe for the existence of a :
, Cazf-induced ca® release mechanism ;in-guinea-pig -taenia caeci smooth muscle;’
- therefore,' it is likely that. similari Cazf-re‘»gulated release mechan-ism exists in caudal

- artery smooth muscle._ |
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~The inhibitory effects. - of }ryanodine in rat caudal artery ‘were significantly
_ increased with the Simultaneous addition of 8- bromo-<GMP. This suggests that (1)
intracellular Ca release from ryanodineesenSitive stores is not revgulated by 8-bromo-
cGMP, (2) the ryanodine-sensitive‘ Caz" store and l'P'g-regu‘l‘ated Ca™ store are
functionally distinct in the rat caudal artery, and (3) the ryanodine-senSitive and IP;- .‘
regulated Ca stores are functionally isolated. Functionally and spatially distinct
intracellular Ca® stores have been identiﬂed in vascular smooth muscle cells cultured

.' from arterial myocytes (Tribe et al:, 1994)
44 Q1-Agonist-lnduc‘ed Contraction in lRat Thoracic .A'ort.a

PreViously reported results and'th}e res_ults from this .st‘udy suggest that in rat
" thoracic aorta ou-adrenoceptors areICOUpIe through a pertussis toxin" insensitive Ge

' protein-to ‘P'LC-.61 ‘Little work has been done to indicate which G protein couples o=

- vadrenoceptors and PLC actiVity in rat thoraCic aorta Therefore speculating With :

respect to the identity of the G protein is impOSSible However while pertu33is tOXin
-reportedly did not impair noradrenaline-induced contractions in rat aorta, cholera toxin
did (Tabrizchi 1994). | o |

In rat thoraCic aorta, PLC~y1 and PLC-61 isozymes but not PLC B1 were‘
identified and only the PLC-'y1 subtype was activated by angiotensm - induced
'tyrosme phosphorylation (Marrero et al., 1994) Previously, two PLC enzymes whose
actiVities increased with increasing Ca had been characterized in rat thoraCic aorta

: (Griendling et al 1991) The results of the current study demonstrate that contraction'

in rat thoraCic aorta IS.,F in a vsmall part, sensitive to inhibition_by felodipine. This -
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suggests that ou-adrenoceptor medlated contractlon in rat thoracic aorta relles heavily
on mtracellular Ca®. This is consrstent with the prevnously reported observatlons
Phenylephrine induced a .phasuc contractlon in rat thoracic aorta in the absence of
extracellular ca* (Nrshlmura et al 1991) and a,-agonlst-rnduced PLC actlvatlon in rat
" aorta does not’ depend on an influx of Ca through voltage-operated channels as
_ | nifedipine did not affect lPs'accumulation to‘noradrenaline- phelnylep‘hri:ne vor ciraaoline»
(Chiu et aI '1987; Legan et aI 1985) Noradrenalrne-strmulated ca* efﬂux from rabblt
- aorta was transrently moreased |n the presence and absence of extracellular Ca
| (Colllns et aI 1986) Furthermore a thromboxane Az-lnduced increase in rntracellular v
Caz’ was not affected by removal of extracellular Ca?* and was assocnated with an
increased accumulatlon of IP3 (Dorn & Becker, .1 992).

However, other stud'les'have suggested that PLC activity in rat‘ aorta is
dependent on extracellular Caz*-to some extent A study by Rapoport (1987) usin’g rat
-aorta demonstrated that noradrenalrne-rnduced contractron and Pl hydrolysrs inaCa®-
free buffer were greatly reduced but not completely abollshed Moreover the addltlonl; _

of noradrenallne to rat aortlc rrngs produced a notably reduced phasrc contractron in |

- the absence of extracellular Ca (Manolopoulos et aI 1991) Only 38 % of |

noradrenaline-induced”Ca |nf|ux was’ msensrtrve to nlsoldlplne (Morel & Godfriand,
1991) Finally, noradrenallne induced. -a phasic contractlon and an increase in rnosrtol
- phosphate accumulatlon in rat aorta in the absence of extracellular Ca_,z*, although F‘l
turnover'WasA' less than that in a physiological solution containing .Caz"’(.Heaslip &

Sickels, 1989). These results suggest that although P! hydrolysis_in rat thoracic aorta .



is not critically depend‘e:nt on 'ext.racellular_Caz*, c_ontraction can be rn.ax-imally induced ‘A
when t_heion is‘ presen’t. | | |
' 45 ' Ryanodine Sensitive Caz; étore in Rat Thoracic Aorta

In rat thoracic aorta ryanodine dld not affect a,-agonlst—induced contractions

which suggests that maxumal contraction in aortic tissue is not affected through a’

_ryanodine sensmve pathway under normal pharmacological conditions These results - .

~ do not rule out the poss:bility, however that a ryanodine sensntive contractile pathway'

B in aortic tissue IS activated only after the dominant eXCItation-contraction mechanisms

‘ 'are impaired This’ pOSSIblllty is Iikely as Julou-Schaeffer & Freslon (1988) found that

: »ryanodlne |nh|b|ted noradrenaline-induced contraction in rat aorta only after Ca2+ had : -
been removed from the extracellular flund Similarly, Low- and co-workers (1993) -
reported that phenylephrine mduced contractions were inhibited by ryanodine in a'
Ca’ -free medium. Furthermore ryanodine |nduced a sIowa developing rise in. aortlc

tensnon yet subsequent addition of noradrenaline mduced a contractile- response that
. was not S|gn|f|cantly different from that of the control (Julou-Schaeffer & Freslon 1988).
- Tabrizchi (1994) reported that noradrenaline-induced contractions in aortic rings could
not be impaired by ryanodine unless the animal had _been pretreated with the a-

, adrenoceptor alkylating agent, }. phenyoxybenzarnine. It appears therefore, that B

ryan'odine inhibits Ca release from an mtracellular pool in aortic tissue, but maxnmum

‘contraction followmg a1-adrenoceptor activation in rat thoracnc aorta is not- dependent

on release from this pool.
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The results of thls study demonstrate that 8 bromo-cGMP does not block mosntol

,phosphate accumulatlon |n rat caudal artery Th|s |s consnstent wnth prevrously‘

reported results (Esklnder et al 1989 Ko et al 1992 Puurunen et al 1987) and

"lndlcates that the nucleotlde nelther mteracts wnth PLC dlrectly, nor mterferes with the - ',

"agonlst-mduced |nflux of extracellular Ca requured for PLC actnvrty

8- Bromo-cGMP and felodlplne falled to |nduce addltlve |nh|b|t|on of contractlon '

e _"' when apphed together Thls suggests that the two |nh|b|tors appear to operate along'.f

- the same excntatlon-contractlon couplmg pathway Slnce feIod:prne but not 8- bromo-_y

cGMP blocks |n05|tol phosphate accumulatlon the nucleotndes lnhlbltlon of the Pl- '

"'.medlated contractlle pathway appears to occur subsequent to lPa productlon Ewdence o

‘ of an |nteract|on between cGMP and the lP3 receptor has been reported A cGMP-A{" '
' dependent proteun klnase that closely resembles the IP3 receptor has been dlscovered .

T(Koga et al 1994) Furthermore punf ed rat cerebellum IP3 receptors arev

stmchlometncally phosphorylated at. the senne—1755 reS|due by cGMP-dependent

S | proteln klnases (Komalavulas & Llncoln 1994) Results from bovine trachea and rat |

aorttc smooth muscle cells suggest that the effects of cGMP are medlated through a'
cGMP dependent klnase (Felbel et al 1988 CornwelI&Llncoln 1989)
: The results of th|s study, however do not rule out the possnblllty that cGMP ;‘

'hastens the rate of metabollsm of ng by mosrtol 1, 4 5- tnsphosphate 3~k|nase to mosntol ,

o 1 345tetrak|sphosphate (lns(1 345)P4) (lrvnne et al 1986) or by__v inositol

o _trlsphosphate 5-phosphatase to mosﬂol 1 4-b|sphosphate (le) It is unlikely, hoWever,v"”

- that the rate IP; metabolls_m by these two enzymes, |s,,|ncreased _signlﬁ_Cantly‘ by cGMP .
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as they naturally operate qdite rapidly (Irvine et al, 1986' Storey et al, 1984)
However if cGMP had accelerated ' |P3 hydrolysus the assay used in th|s study to
measure mosutol phosphate accumulatlon may not have recorded this effect The Li*
. used in th|s study would have prevented recycling of most of the mOSItOI phosphates
' back to inositol and the assay would have recorded them. However |P2 is |ncapable of
releasing Ca* from the IP3 sensntive mtracellular stores (Stauderman et al 1988) and .‘
“Ins(1,3, 4 5)P4 Is reportedly mvolved in Ca re- uptake |nto the mtracellular store (Irvine . :
and Moor, 1987) and activation of Caz*-depe_ndent K* channels (Morris et_ alr, 1987).
Therefore,' we may have been recording the presence of ineffective IPQ metabolites
which .ar:e incapable of eliciting contraction. |
- 4.7. _! Experimental Design

Manystudies have Ainve'stig.ated the inhibitory effects of antagoni'sts at a singiev
agonist'concentration. The importance of testing antagonist effects over an agonist
: concentration range is apparent from the felodipine experlments in the present study.
' Although a qualitative decrease |n PI hydrolysrs was apparent over the entire
phenyl_ephrine concentration range, srgnif cant changes could only be‘reported for
| three concentrations of the agoni:st. We also f_ound that a supermaximal concentration
of phenylephrine could restore maikimum P turnoverin the presence of felodipine.
This may be indicative of- an a1-adrenoceptor reserve. Although Pl response does not
| normally demonstrate a SIgnif cant receptor reserve (Michell & Kirk, 1981) |t ‘must be
suffi cuent in the caudal artery to overcome the effects of felodipine.

Berta and co-worker.(1986), investigating the influence of extracellular Ca* on

~serotonin- and phenylephrine—induced contractions and phosphoinositide metabolism in
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rat caudal artery, reported_ that'»_although phenylephrine-induced contractions were

- completely abolished by removal' of extracellular Caz‘-‘, Pl-hydrolysis was unaffected by

the omission. These results indicated that although extracellular Ca** was required for

‘ contrac':tion it was not neCessarv for PLC activity. However, accordii'ig to Cheung et al.
,(1990) agonlst stimulated Pl hydrolysus |n rat caudal artery reaches a maxnmum at 5

- mM extracellular Caz* wuth an ECso of about 80 uM Therefore, ‘the 0: 5 mM EDTA usedA

by Berta to chelate Caz" may have been msufﬁcuent to completely |mmobil|ze the Ca

~_ contnbuted to the bathlng medium by the other mgredients and aggressuve

_concentrations of chelating agents are requnred to ensure a Ca free envrronment

4.8. ‘Conclusion

The comparison of phenylephrine-induced contractions in rat caudalarteryxand

“rat thoracic aorta performed in this study has demonstrated that there is a signiﬁcant '

'ldifference between'.the relative Contributions of intracellular and extraceIlUIar Caz*

the ex0ltat|on-contract|on coupling mechanisms in these two tissues Contraction in rat |

~ caudal artery is critically dependent on extracellular Ca mediated in part through
. d|hydropyr|dlne-sen5|t|ve channels The contractlle mechanism in rat thoracnc aorta,

- however, is not srgnlﬂcantly dependent on Ca* influx through voltage dependent._

channels nor on Caéf release from ryanodine sensitive' stores '_u_nder‘ normal

physiologicaln conditions. Cont‘raction in 'rat ,-cau_dal artery, hoWever, is sensitive to |

inhibition bv ryanodine. E v
a,-Agonist-induced contractions in rat caudal artery are not sensmve to pertussrs

toxm therefore, the G protein coupllng the a1-adrenoceptor and PLC actlwty is not a -

-,member of the G.IGs famlly..
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This study also demonstratedﬂ that although’ 8-brorno-cGMPldOes »n'bt inhibit PLC
activity in rat caudal artery, the nucleotide does |mpa|r a1-adrenoceptor-|nduced
contraction. Inhibition of contractlon by felodipine and 8 bromo-cGMP occurs along the
same excntatlon-contractlon coupllng pathway Since felodnpme blocks mosrtol
.phosphate accumulatlon 8-bromo-cGMP I|kely blocks IP3-|nduced Caz* release from‘ |
mtracellular stores However 8 bromo—cGMP does not ‘appear to affect the ryanodlne- '
sensitive contractlle mechanlsm whlch mediates Ca release from_ an IPs-lnsensmve

vl_ntracellular pool. B |
| The 'results of trtis s't_udy'conﬂrm what Bohr and Goulet had suspected and

predicted in 1961; that the mechahisms of contraction in the conduit ve_ssels of -the

vascular circulatory system are unique to the individual vessel.
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