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Colforsin or imidazolidione potentiates cAM P elevation 

caused by endothelin一1 in rat aorta 

ZHOU Han—I，fang ，Ronald R FISCUS。 

(Department of Physiology．Loyola University Medical Center，Maywood JL 60153，USA) 

ABSTRACT Endothelin一1 (ET—1) caused 

slow—developing and stable vasoconstrictions 

in isolated rings of rat thoracic aortae with a 

FlD2 value of 7．55士0．10 compared to pD2 val— 

ues of 9．30士 0．10 and 8．36士 0．30 for an— 

giotensin II and norepinephrine，respectively· 

Although the potency of ET一1 wRs somewhat 

lower than those of norepinephrine and an： 

giotensin II，the maximal tension generated by 

ET一1 was comparable to that of norepi— 

nephrine and considerably greater than that of 

angiotensin II． Incubation of aortic rings in 

the absence of extraceIluIar Ca or in the 

presence of the Ca ehanneI blocker nifedipine 

(i00 nmol·L ) greatly attenuated ET一1一 

induced vasoconstriction． ET一1 (20 nmol 

· L一 ， approximately the ED50 for vasocon— 

strictioms)also caused elevation of cAM P lev一 

els in aortic rings after 15 and 25 min of expo— 

sure． The cAM P phosphodiesterase inhibitor 

imidazolidiome (Imi， Ro 20一l724， 100 gmol 

·L 1 potentiated the cAM P responses to ET— 

1． Rings incubated for 25 mio with ET一1(20 

nmo卜 L一 1 showed much larger cAM P eleva— 

tions caused by colforsin (Col， forskolin 1 

gmol·L 0)，a direct adenylate cyclase activa— 

t6r and potentiator．than with Col or ET一1 

alone． Therefore，ET—l may utilize at least 2 

signal transduction mechanisms，one involving 

the opening of nifedipine—sensitive Ca。 chan— 

nels and the other involving the elevation of 

Received 1993 O8 16 Accepted 1994-04—11 

Now iu Depart~ t of Pha~ cology，Zhtfiang Medical 

University，Hangzhou 31∞ 06，Chinn． 

Now in Sand．s—B～  m search C~ter ^ging， j0j 

Sand．s—B⋯ BuHdiMg Uni~ gty K~mcky Coltege of 

Medicine．1~ ngton ICY 4053 0230，UsA． 

cAM P levels，to produce the unusually slow— 

delevoping and stable vasoconstrictions in rat 

aortae． 

KEY W ORDS endothelins；thoracic aorta{ 
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Endothelin 1 (ET一1) is an endothelium — 

derived va8oconstrictor factor，which was iso 

lated from porcine abrtic endothelium as 2l 

amino acid peptide ． ET一1一induced vasocon— 

striction involves the influx of extraceIlular 

Ca  through a voltage—dependent Ca chan— 

nel 。 ，of which the blocker，however，had 

Iittle effect on the contraction induc'ed by r— 

l in rabbit aortae ：and human internal mam— 

mary arteries ” indicating that ET一1 does not 

produce contraction by an interaction with 

voltage—dependent Ca channels． 

Cyclic AM P is involved in the regulation 

of intracellular Ca concentration
．

s and con- 

tractile force generated in vascular smooth 

m uscles． ET一1一induced contraction was not 

associated with an alteration in the levels of 

cAM P in rabbit aortic rings and in cultured 

rat thoracic aorta smooth muscle cells ． 

ET一1 stimulated cAM P formation in embryon— 

ic bovine tracheal cells ]． rat mesangial 

cells ”， and iris sphincter of varies mam— 

reals： ． In contrast． ET—l reduced isopro— 

terenoI or Col—induced cAM P accumulation in 

adult rat cardiac myocytes ”． The present 

study was designed to determine whether ET一 

1 has an effect on cAM P levels in rat aortic 
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i g。 d O explain how hi cAM P 
．

esp。“ 

REsuLTs 
affects the ET 1-induced vasoc0n triction． ～ ⋯ ‘ 

M ATERlALS AND M ETHoDS 

Mechanical responses Sprague—Dawlhy rat(0． 

220 250 g)were injected ip with heparin(1000 IU) 

before decapitat on⋯ ． The thoracic aortae were 

placed ln ice—cold Krebs—Ringer bicarbonate solution 

(KRB)at pH 7．4 containing NaC1 118．5，KC【4 74， 

M gSO 1．18，CaC12 2．5， KH2PO 1．18， NaHCO： 

24·9，glucose 10 mmo]·L一 and gassed with 95 O 

+ 5 CO2． After removing the adhering fat and 

e6nnective tissue，the aortae were cut transversly into 

rings 4 mill wide．。 Care wag paid t0 protect the 

endothelium lining from damage． The rings welye 

mounted in organ baths containing 5 ml of the KRB at 

37 C under l g of resting tension． The-KRB was re 

treshed every 15 rain during l-h equilibration． Con— 

tractile responses were measure isometrically using 

force-disptacersent transducer (Grags Model FT一03) 

and a potygraph recorder(Beckmant Model R611)． 

Cyclic AM P measurement Rat aortic rings were 

freeze-clamped between meta1 blocks precooled in liq 

uid nitrogen dnd immediately homogenized in ice cold 

10 tr[chloroacet c acid (1 m1)． The homogenates 

were centrifuged (3000×g for 10 min)to p'recipitate 

protein． Cycl c AM P am ounts in sul~ernatants were 

determined by radioimmunoassay ． 

Drugs ET-l ohtained from Peninsula 

I aboratories(Belmont CA+Lot 0l6563)． Imi was a 

gi{t from Dr Theodore J Torphy (SfnithKline 

Beecham +King of Prussia PA )． Col m 8 purchased 

from Calbtochem Corp (San Diego CA)． Adenosine 

35Lcydic phosphoric acid z'-O—succinyl-3_l I]iodo- 

tyrosine methyl ester(74 PBq·tool一 )were obtained 

from Biomedical Technologies Inc (Stoughton M A )． 

Ant J．-cAMP antibody was obtained from Research 

Preducts International Corp (Mount Prospect IL)． 

Other chemicals and drugs"~／erP purchased from Sigma 

Chemica1 C,o (St Louis M O )． Al1 drugs wei'e dis 

solved in water，except Inii+nifedipine and Co1，which 

were dissolved in M e2SO． The final concentrations 

forthese 3 drugs in thetissue bath were 0．1 ，0．1 

and 0．0001 (vol／vo1)，respectively． 

Statistical analysis Regults were analyzed by 

Dunnert rest and test． 

ET 1-illduced vasoconstriction ET—l 

caused concentration dependent vasoconsrric— 

ti0n in rings of rat thoracic aortae． The I'~1~qX 

imal tension of the contraction was 4．6± 0．7 g 

( 一 6)． Those of norepinephrine—and an 

giotensin I1一induced contraction were 4．1± 

0．4 g ( ： 4，P> 0．05)and 2．5士 0．6 g ‘ ： 

4．P< 0．001)，respectively． Therefore，the 

efficacy of ET—l-induced vasoc0nstricti0n was 

comparable to that of n0repinephrine induced 

vasoconstriction and considerably larger than 

that of anglorensln II—induced vasoconstrie 

tion． The estimated PD。value of ET—1 was 

7．55± 0．10 (n一 6)． The pD values of nor 

epinephrine and angiotensln I1 were 8．36± 

0．30 (n一 4)and 9．30士 0．10 ("一 4)．respee- 

tively． Hence． the potency order 、vas an 

giotensin‘II> nor印 inephrine > ET-1． The 

ET 卜induced vasoc0nstriction wan slow— 

developing，long lasting，and difficult to wash 

out． 

Extracelhlar Ca 一dependency of ET—l— 

jnduced vasoconsgriorion ET 1 (20 nm ol 

· L一 ，approximately EC “)produced a con 

tractile force of 3．3± 0．7 g ( 一 l1)in rat aor 

tic rings．W hen rings were equilibrated for 15 

ra in in Ca汁一free (-*-egtazic acid l mmol-L ， 

ethylene glycol bis(ffaminoerhyl ether)‘N， 

J、『．Ⅳ ’，N ~-retra acetic acid)，the forces deve] 

oped bv ET—l 20 nmo1·L were decreased to 

0．31士 0．02 g (n一 4，P< 0．001)，only 9．6± 

3．8 of the vasoconst1’iction in the presence 

of extracellular Ca 2．5 mmo】·L一． Pre 

treatment with nifedipine 100 nmo卜L一 for 10 

rain greatly attenuated the contractile force 

developed to only 0．59± 0·18 g ( 一 4．P< 

0．001)，thus reducing the contraction tO only 

l8．0± 2 6 of the contro1． 

Col inhibited ET一1-induced vaseonstrie- 

lion Pretreatment with Col(1 ttmol·L一。)for 
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10 min reduced the ET— 1——induced force gener．． 

at~on to 0．61土 0．24 g (n一 4，P < 0．001)， 

representing a 81土 4 decrease in contractile 

response (Fig 1)． During the stable contrac 

tion Col (100 nmol·L一 and 1 “moI·L一 ) 

added to ET一1 (20 nmol·LI1)induced relax— 

at~on of 40土 l2 ( 一 5)and 99．5± 0．5 

( 一 5)，respectively． 

1：T·1 
-I l0-■_d ·L 
一 L 
‘ ／ — ^  

· - - - - - - - ． ． ．  ， 

Col[maia ET-I 

l_-d ·L。0 l口n-ld ·L 

1 l _ ·L 

Wuh 0ut 

Fig 1． Effect of eolforsin oB endothelin一1一induced 

contractions in rat aorta． Col (100 Bmol·L and 1 

um 0】·L_。)added after ET一1 (20 Bm o卜 L )relaxed 

the E1 l_precontracted rings and Col (1 umo】·L ) 

added 10 rain before ET一1 (20 BlnOl·L一 ) lnhibited 

ET一1一induce d vasoconstrlcltion． 

ET一1 increased cAM P levels Exposure 

of aortic rings in ET一1 20 nmol·L_。(the EC 

value for causing vasoconstriction)produced a 

time—dependent increase in cAM P content． 

But this response was s6 small and slow— 

developing that significant elevation of cAM P 

levels was not achieved until 15 25 min after 

ET一1 addition (from a control value of 2．9± 

O·3to 4．2土0．9 or 4．7土 0．9 pmol／mg protein 

with ET一1 added，respectively for 1 5 or 25 

min，both P< 0．01)． 

Im i potentiated the cAM P responses to 

ET一1 Imi(100 In 0I·L一 )per se did not sig— 

nificantly elevate cAM P levels in rat aorta． 

The combination of Imi(100 tnnol·L一 ．10 

min pretreatment)and ET一1(20 nmol·L一 for 

5 min)markedly elevated cAM P levels mote 

than Imi or ET一1 alone． W hen rings were e— 

quilihrated for 1 5 min in Ca 一free KRB (+ 

egtazic acid 1 mmo卜L一 )．Imi did not potent~一 

ate the cAM P responses to ET一1 (Tab 1)． 

Tab 1． Effects of imidlazolidlone (1m1)0．1 nm ol·L一 

or endothelin一1 (ET一1)20 nmol·L一 on cAM P eleva- 

tion induced by ET一1 20 nmol·L 。or colforsin(Co1)1 

gmol·L～ in rmt aortae． n一 6 8 rats+i± ． ‘P>  

0．05， P< 0．05， P< O．O1 ys appropriate contro1． 

ET一1 potentiated Cot—induced elevatlon of 

cAM P levels Although ET一1 hy itself caused 

only a small increase in cAM P levels．ET一1 

(20 nmol·L一 )clearly potentiated the Col(1 

mo卜L叫 )一induced increase in cAM P levels． 

The cAM P levels are significantly higher for 

the Co1 plus ET—l group than for the Col or 

ET 1 only group (P< 0．01)(Tab 1)． 

DISCUSS10N 

Equilibration in Ca free medium or ad— 

dition of the Ca。 channel blocker nifed．Dine 

inhihited ET一1一induced vasoconstrictions bv 

80 9O ． In contrast．pretreatment of aor— 

tic rings with nifedipine (100 nmol·L一 )for 

10 m in inhihited n0repinephrine—induced vaso— 

constrictions hy 0nly 31土 6 (data not 

shown)． These data suggest that in rat aor- 

tae ET一1一induced vas0constriction，more than 

n0repinephrine—induced  vasoconstriction， is 

dependent on extracellular Ca” ． 

The efficacy and potency of ET—l-induced 

vasoc onstricition obtained in the present study 

were different from the data of others0- · 

In addition，on cAM P our results are in sharp 
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contrast to the results described in the 

literatures - 一”． These discrepancies may be 

related to the different species，and／or the 

studied tissues． 

The mechanism of the ET一1一induced 

cAM P response is likely to jnvolve activation 

of adenylate cyclase，because of the potentiat— 

ing actions of the Col，a known potentiator of 

adeny!ate cyclase activation，and the phospho- 

diesterase inhibitor lmi． One possible expla- 

nation for the cAM P elevation to ET一1 is 

that．elevation of jntracellular Ca concentra— 

tion induces vasoconstriction and stimulation 

of adenylate cyclase． In supporting this hy— 

pothesis． Imi does not potentiate the cAM P 

response to ET一1 in aortae when incubated in 

CaH —free KRB (Tab 1)． 

In vasular smooth muscles， increases in 

cAM P Ievels usually lead to relaxation of 

smooth muscles． However，besides present 

study，some reports showed that a few ago— 

nists caused both vasoconstriction and eleva— 

tion of cAM P levels W e find that CoI 

inhibits ET一1一induced vasoconstrictions and 8一 

bromo—cAM P (100#mol·L )added to ET一1一 

precontracted aortic rings relaxes the vessels 

by 65 (data not shown)． These results 

suggest that the cAM P elevations caused bv 

ET一1 may be a negative feedback signa1． 

which is responsbile for the slow development 

0f ET一1一induced vas0constricti0n． In other 

words，cAM P at the early stages of ET一卜 

induced contraction may attenuate，and there— 

by slow down the progress of contraction． 

The cAM P elevations induced by ET一1 in rat 

thoracic aortae may also be responsible for：the 

lower potency of ET一1一induced contraction in 

this blood vessels than in coronary and renal 

arteries c ,i13． 

In conclusion．ET一1 may utilize at Ieast 2 

signal transduction mechanisms，one involving 

the opening of Ca channels and the other 

involving the generation of cAM P， to cause 

the unusually slow—-developing and stable 

vas0C0nstrlctio n 1n rat aorta． 
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Three drugs inhibit phosph0Iipase A2一induced high perm eability of 

endothelial m onolayers 

CHEN Si—Feng，L1 Shao—Hua．DING Feng—Yun 

(Department of Pathophysiology，Second Mih'tary Medical gm'versit3 ，Shanghai 200433．( ／1ina 

ABSTRACT The permeability of aortic en— 

dothelia1 m onolayers to fluid and albumin in— 

creased 1 3．5 and 1 6．1 times respectively after 

pretreatment with phospholipase A2(PLA2， 

100 U ·ml )for 30 min． 1一(P—Chloroben— 

zoy1)一5-methylindole一3 acetic acid ( 1．16 

romp卜L )，SRI 63—441 (30 nmo卜 L一 )．and 

1，25一d|hydroxychoIecaIcifer0l(0．1 mo卜L一 ) 

decreased PLA2一induced high permeability． 

PLA2 did not damage the endothelial cells sig— 

nifieantly． Our results indicate that the ae- 

tion of PLA2 to increase the permeability of 

endothelial monolayers is mainly due to PLA2一 

induced lipid mediators released from endothe— 

lial eells． 
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KEY W O RDS 

permeability； 

prost glandins 

cholecaIci rols 

phospholipases A ；capriIary 

endothelium ； 

platelet activating factor 

Phospholipase A2(PLA2) increased the 

pulmonary vascular permeability and caused 

pulmonary injury in isolated perfused guinea 

pig lungs⋯． Extracellular PLA2 is associated 

with many inflammatory diseases 0． 1t 

causes the damages by generating proinflam 

matory products such as platelet activating 

factor (PAF)，arachidonate and their deriva— 

tires l ． PLA also inereased the mem brane 

permeability of endothelial cells (EC)and the 

releases of lactate dehydrogenase(LDH )，kin— 

inase II and malondialdehy from EC in high 

concentrations ． Pulm onary responses in 
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