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•• 1 H T Ro D u e e 1 o H 

1. GENERALIDADES 

1. 1 Importancia 

neuroenddcr lno, 

El sistema neuroenddcrlno •• el encar¡ado d• la lnt•Qracldn 

del funclonaml•nto normal tanto d• lo• vert•brado& cerno d• lo& 

Invertebrados, El mecanismo por •1 cual •• re¡ulan y coordinan 

la mayor part• 1 sino •s que todas sus funclon••• es mediante la 

ccrnunlcacldn lnt•rc•lular, ya••• a travt• de las n•uronas neuro­

••cretoras, por el sistema nervioso o bien por una Ql,ndula 

enddcrlna como tal. Esta ccrnunlcacldn se efectda por una serle 

de men•aJero• qulmlcos <neurohormonas, neurotra•ml•ores u hormo­

nas> que son las encar¡ada• del control de un ¡ran n~ero de 

evento• en la• ctlula• blanco, 

Las aminas adrentrQlca• son un ¡rupo de substancias cuyos 

representantes endd¡enos, la eplnefrlna y la noreplnefrlna, ac· 

tdan .como hormonas ylo neurotransmisor••· La Importancia de 

••tos a¡entes radica en la ¡ran variedad de procesos que son 

capaces de re¡ular. La eplnefrlna parece ser la hormona de las 

•¡ra.nd•• ur¡enc las• puesto que •• 1 lberada en casos de estrt• , 

preparando al animal para la lucha o la huida. Estos a¡entes 

tienen efectos d••d• el mdsculo cardiaco, hasta la regulacldn de 

un gran nlll!lero de vlas ~etabdllca• como la Qluco¡endllsls( la 

ureo;tnHI• y la llpdllsls, pero adem•• pueden mediar la llb•r·a· 

cldn de otras hormona• o neurotransmisor••· De ·aqul la importan­

cia del estudio de la •lnt••·ls, Hcrecldn, efectos flsloldglcos y 

mecan11110 de accldn de estos aQ•ntes. 



1.2 R•c~~tor•• Adr•ntr91co1. 

Lat cat•co!amlna1 CCll)O prActtc...,•nt• toda• las hormona• qu• 

actllan a nl•1•I d• h 1 .. mbrana plum6tlca proniu.-..•n la Hllal 

E1ta1 

moltculas son prct•lnu, •n la mayor la d• 101 ca101 localizada• 

•n la 'llMbrana plumatlca, qu• t.l•n•n la capacidad d• unir •IP•· 
cfflc11111•nt• llQando1 •nddQ•no1 como hor111ona1, n•urotran111111or•• y 

•utacold••· El c~l•Jo hormona·r•c•ptcr •1t6 acoplado a un 

111t•u tran1duc.tor localizado tamblfn en la mlllllbrana pla1111At lea 

qu• P•Cllllu9V• la o•n•racldn d• una 1•llal a travf1 d• la 11nt•1l1 o 

llb•racldn d• otra 1u1tancla •f•ctora o 1•oundo 111•n1aJ•ro •1 cual 

actda alt•rando la v•locldad d• ruta• m•tabdllca1 ya ••tabl•ca· 

das,· 

En 1'41 Alllqul1t <I> cla•lflcd 101 •f•cto1 d9 la• 

cU•col aminas ·.•n dO• 9rupo1 d• acu9'do con 1u ord•n d• pot•nc la 

conclu)lelldo cau• e1to1 •o•nt•• podlan lnt•ractu1r con dos t1po1 d9 

r•c9Ptor•• a 101 qu• d9namlnd •alfa• y "beta•, ltoblnaon •t al en 

l't7 asociaron 101 •f•cto• beta adr•ntr9lco1 a la actlvacldn' de 

la adellllato clcla1a <2> y ••t• 111111110 grupo <3> propuso qu• 101 

efectos alfa •ran debido• a la lnhlblcldn de ••ta en11111a. 

~ 1u vez loa r•ceptor•1 b•ta •• han subdividida en beta, y 

betaa, <4>. ~rl•n• •t al <S> auel•r•n qu• Jos •fectoa beta,, 11111 

debido• prefer911t.-.nt• a la lnt•raccldn del ·neurotran .. laor 

nor9Plnefrlna con ••t• ·r•c•ptor, •l911traa que para loa r&c9Ptore1 

bet .. la 110..-1 eplnefrlna •• 11&1 potent• que el neurotran .. laor 

110•9Plllefr lna, 

- In .,77 lertholaen y l'ettlnger <t> subdividen a su VH a loa 

POC9Ptoro1 alfa en alfa, y alfaa, sin .wibareo a diferencia de loa 
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receptore• beta adrentrglco• a los cuales se les considera 

laorreceptores, los receptor&i; alfa actúan a través de dlfererotes 

sistemas de tran.duccldn. Faln ~· García-S.ilnz en 1980 (7> propo­

nen que los rec.,~fores alfa, ln"olucran un recambio de fosfati­

dil !nos 1 to! .<PI> en la noembrana pi asmlt ica y un cambio en l • 

homeostasls del ca•• Intracelular, mientras que los receptores 

alfa. actúan prc•Jocando una lnhlbicidn de l• adenllato clclasa a 

trav•s de un mecanismo Independiente de ca••. 

1.3 Receptores Adr•n•r·glco• y Adenllato Clclasa. 

Como se dlJo anteriormente tre• de los receptor.e¡ 

adren•rQlcos son capaces de Interactuar con la enzima adenllalo 

clclasa locall%ada en la membrana pla•mttica (fi~.1.1>. 

En el slst9111• de la ad1tnilato clclasa la actlvacldn de lo• 

receptores beta adr•n•r·Qlcos pro"oca la estimulacldn de la enzi­

ma, mler.tra! .. que la actlvacldn de loo, rec•ptores alfa• la lnhl.­

ben. 

Se sabe que dichos receptor•• y la adenllato ciclaaa forman· 

part.e de un complejo Integrado por tres ent ldades1 el receptor·, 

una proteína reguladora denominada proteína "N' la cual posee 

alta afinidad por nucledtldo& de guardna <6 1 9> y la subunldad 

catalítica de la adenll~to clclasal por consiguiente, la re1pue1-

ta !~mediata a la lnteraccldn hormona-receptor se Inicia con la 

forr11tcldn de un compleJo ol igom•r.lco que controla la actividad d• 

la unidad catalltlca de ·la adenllato ciclan. Recientemente H 

ha d11111owtrado que la proteína •11• lnvoluctada en la actlvacldn d• 

la adenllato cicla•• e1 dlferenh• d• la que partlcl¡:,a er1 la 

lnhtblcldn <B, 10-121. De acuerdo a la termlnologla propuesta 
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por R~db•I r •n 1980 <S>, •StH prot•lnH H han d•ncminado Ns a 

la qu• ••Úmula a Ja ad•nilato cicla•• y Ni a la qu• la inhib•· 

Esta• subunidad•• r•;uladora• tien•n la capacidad d• unir OTP y 

d• ••ta man•r• cambiar la conformacidn d• la ad•nllato ciclas• a 

la forma activa-o Inactiva r••p•ctivam•nt•I post•rlorm•nt• •I OTP 

•• hldrollzado por una OTPa•a, convlrtl•ndo a la ad•nllato cicla­

•• a la forma pr.via. 

En •I ••tudlo de lo& mecanismos de transduccidn de r•c•p-

tor•• acoplados a la ad•nilato cicla•a, •e han utilizado •n.forma 

muy important• dos toxlna•1 la toxina del cdl•ra qu• lnterfi•r• 

••l•ctivam•nt• con •I m•c•nlsmo d• activacidn d• la ad•nilato 

cicla••• y la toxina p•rtu&•I• que bloquea las r•spu••tas inhibi­

toria• d• ••ta •nzlma. 

La toxina d•I cdl•r• ••una prot•lna formada por do• •nti-

dad••• d• la• cual•• la •ubunidad A modifica a la prot•ina Ns la 

cual controla la actividad catalltica d• la ad•nilato ciclasa, 

catallzando la tran•f•c•ncla d• una unidad ADP-rlbo•a d•I NAD• a 

un r••lduo d• arolnlna. E•ta ADP rlbo•llacldn bloqu•a la activi­

dad d• la GTPasa, por lo tanto la prot•lna N• no pu•d• ••r 

d••actlvada una vez qu• •• estimula para lncr1111•ntar los nlv•I•• 

d• ad•noslna 3',S'-monofosfato clcllco, <AHPc>. E•t• •f•cto •• 

r•producldo por an61ooo• d• N1Pc y por an61ogo• no hidrolizabl•• 

d• GTP, Cf19,1,1)·, 

Al loual que la towlna d•l cdl•ra, la toxina pertussls, 

producida por la lprgtetella p1rtuaat1 y su relacidn con este 

•l•t11111a, ha r•clbldo un oran auo• •n lo• ~!timo• años. En 1•11 

Oarcla-SUnz Cl4> d1111u•stra qu• la vacuna putuHI• produce una 

dlsmlnucldn •n la •.n•lbllidad d• la• 'ªt•colemlnas alfaa-adre-
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ntrglcas, y que este efecto no •• exclusivo para ••to• agente• 

sino que tambltn •• observa para prostaglandlnas, adenoslna y ac. 

nlcotlnlco pr'oponlendo que un cOlllponente d• la vacuna pertu••I• 

bloquea la transferencia de la lnformacldn Inhibitoria del recep-

tor a la adenllato cicla••· Este componente •• la toxina pertu-

••I• que ha sido utilizado'""'º arma para •l ••ludio d• la r•gu~ 

lacldn de la cicla•• por diverso• grupos <lS-20>, 

1,4 Receptor•• alfa1-adrentrglcos. 

A diferencia d•l adelanto que •• tiene en el conocimiento 

d•l mecanlSlllo de transduccldn de lo• receptor•• beta y alfaa 

adrelltrglcoa y del sistema de la adenllato ciclase, en general, 

el mecanlSlllo de trasduccl6n de lo• receptor•• alfa,-adrentrglco• 

ha tenido poco progreso y no•• sino en lo• ~ltlmo• 5 a~o• cuando 

••ha tenido cierto avance en este t111Da. 

En l••o l"aln y Oarc,a-S.Unz <7> propusieron que las acclonH·· 

alfa, adrentrglc•• eran mediada• por un recambio en •l metaboll•­

lllO del fosfatldlllnosltol y que este fendmeno modificaba de 

manera significativa la hDllleosta•I• de lo• Iones ca••, y que 

estos Iones oac .. Jugaban un papel muy lmportañte. 

Vario• trabaJo• demostraban que los efectos f lsloldglcoa de 

ciertas hol'lllDlla• en h'gado, Incluyendo las catecolamlnaa alfa,­

adrentrglcas produc,an alteraciones en los fluJo• d4t ca••. Vaso­

preslna, anglotenslna 11 y los agente• alfa, -adrentrotcos regu­

lan a la gluc•aeno fosforllasa a travta de mecanismos qua Involu­

cran la elavact•n del Ca•• Intracelular <21-23>. Esta lllOblllza­

cldn da 1os·1on .. ca•• en al h'gado de rata Inducido por hor-.onas 

dependientas ·da Ca••, ••explica no solo en ttrmlnos de la lnhl~ 



blcldn de la ca••-ATPasa localizada en la membrana, sino que ol 

•flujo de ca•• parece ser debido a la movilización de este catión 

de organeloa lntracelularea, lo cual •• ve refl•Jado en incremen­

tos d•l ca•• c.ltosdlico. Adn no .,,.t~ claro cual •• el •ltio 

lntrac•lular qu• funciona cano depósito donador de ca•• y el 

m•canismo por el cual •• et•ctda el proc•so de la •levacldn del 

Ca•• cltoadllco. Varios estudios pres•ntan evidencia& de que este 

d•pdaito de ca•• Intracelular puede ser la mitocondrla <24 1 25>, 

otros autores sugieren que •e trata d• d•pdsitos aJenoa a la 

mltocondrla como el retlculo endopláamlco, <26,27> o ambos <2Sl. 

Con e~cepcldn de la membrana plaamltlca, el sitio de donde se 

movilizar• calcio requerirla de la lnterv•nclón d• una mol•cula 

que actuara camo ••QUndo mensajero. 

Hlchell <29> propuao •n 1981 que el r•camblo del fosiatldll 

lnoattol <PI> en la membrana plaam,tica era la re•puesta primaria 

a la interacción de las hormonas d•p•ndlent•• de ca•• con su 

receptor, y que •ato •ralo que provocaba Jos flujo& d• caa•, 

Hlch•ll d11moatrd •n dlfer•ntes t•Jldos que la •&tlmulaclón d•l 

rec&111bio d91 PI era una reapu••ta constante de &Qentea como vaso-

an;iot•n•lna 11 y &Qent•• alfa,-adrenérQlcos y qu• este 

no •• asociaba a agentes que involucran aum•ntoa de AMPc, 

postulado que Ja lnteraccldn de estos aQonistas con au· 

receptor activa a una fo1follp1sa lo cual reaulta en un lncre• 

mento •n la de;radacldn .d•I PI en la m11mbrana plum•tlca convlr· 

ttitndolo •n 11 2-dlacll;l·lc•rol y mlo·lnosltol-1,2-to&fato cícli­

co. La foaforllacldn del Qrupo hidroxilo libre del dlacllgllcerol 

por ATP produce &c. fot.fatldlco <PM, el cual es r.ealntetizado a 

PI por una COP-diac 11-;l lcerol !nos itol tran5ferasa en ret !culo 



•ndopltsmlco. Hasta esta fecha no se sabla cual de los productos 

d• este metabolismo, e •1 PI, el fosfatldlllnosltol 4,~-blfosfato 

<PIPa>, fosfatldll- lnosltol- fosfato, o inosltol 

1,4,~ 1 trlfosfato CIPm>,> producla la movlllzacldn del Ca••, Los 

candidatos para actuar como segundos m•nsaJeros eran el te. 

fosfatldlco, el mlo-lnosltol fosfatocs> o una protelna clnasa 

Ca••-dep•ndlent•, activada por dlacllgllc•rol llamada proteína 

clnasa e (30,31). 

A pesar de estos datos el mecanismo a trav•s del cual agen­

t•• como la vasopresl~a, la epln•frlna y la anglotenslna 11 

•Jerc•n su mecanismo de accldn Intracelular permanecla obscuro! 

. •• sabia qu• ••tos agentes estimulaban el r•cil!llblo d•l PI y 

·•levacldn d• mlo-lnosltol •n h•patocltos alsl,dos. Sin ...,bargo 

••tos cambio• no eran significativo• ant•• d• 2 minutos. Era 

concluy•nte qu• estos fendmenos •tan muy l•ntos comparados con 

los lncr...,•ntos en la concentracldn de ca•• •n el :itosol y la 

actlvacldn d• la glucdg•no fosforllasa causada por estos ag•nt••• 

los cual•• ocurr•n alr•d•dor de 2 ••gundos. 

En 1981 Kltk •t al C32> y Mlch•ll •t al (33) postularon que 

la d•gradacldn d•I PlPa pudl•ra s•r el factor primario en •&te 

m•canlsmo de accldn. 

En 199~ 8•rrldg• • Irvln• (34) d.mu•stran en la glindula 

salival. d• la mosca que la hldrdll•I• del PIPa •n IPm y 1,2 

dlacllgllcerol 

t•nt•• con la ld•a d• qu• el IPa pudl•ra funcionar como ••gundo 

m•n•aJ•ro movilizando ca•• lntrac•IUlar, ••tos autores tambltn 

d...,ostraron que la adlcldn de IP~ •n •l rango mlcromolar Inducia 
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la movlllzacldn de calcio de la membrana Interna del retlculo 

endopl•smlco, ••t• •f•cto par•cla ••r especifico de IPa ya que no 

s• obtenla •••puesta al agr•gar 1Pa 1 IP o lnosltol 1,2-clcllco 

fosfato. 

Otro asp•cto muy Importante d• ••t• •l•t.ma es Ja g•n•racldn 

d• dlacllgllc•rol <OG> al mismo tl.mpo que •I IP8 • El OG por su 

natural•za llposol~bl• perman•ce •n la blcapa llpldlca de la 

membrana plasmitlca antes d• ser metabollzado a •c. fosfatidlco 

por una dlacll•~llcerldo clnasa o •n algunos casos a •c. araquldd­

nlco por una dlacllgllcerldo llpasa. El de•cubrlmlento de Nl•hl­

zuka <31> de una prot•lna clnasa activada· por dlacllgllcerol, 

d•pendlente d• ca•• y fosfollpldos, llamada protelna clnasa e, 

sugl•re que •I OG ~ .aa puede tener una funcldn Importante en 

••t• mecanismo de transduccldn hormonal. 

Lo• tst•res de forbol son una serl• de agentes tumorlgtnl­

cos, •I m•• potente de'ellos es •I 4 beta-forbol-12-mlrlstato-13-

acetato <Pli<l> 1 •I cual•• capaz de activar dlr•ctamente a la 

protelna clna•a c. 

glsmo entre londforos de calcio y~ en plaquetas <31 1 36> 1 

p6ncreas <~2) y otros sistemas secretor•• <31 1 ~3> 1 sin embargo 

recientemente oe ha reportado lnhlblcldn de la respuesta alfaa-

protelna clnasa c·pu•de estar Involucrada en procesos de desen­

slbll lzacldn o modificación en el nllmero de receptor•• de la 

hormona <fendmeno conocido como down-r•gulatlon> •• 

El Pl1A ••tlmula la fosforllacldn d• la protelna rlbosomal s. 

<Hr 32 000) •n una lln•a celular <~7>. El papel do la subunldad 

rlbo•Olllal 40 S en el proceso da lnlclacldn en I~ slntesl& de 

e 



Por otro lado se ha r•portado que •l P~ 

causa lnactlvacldn d• la glucdg•no slntasa •n h•patocltoa (60>, 

tambl•n •• ha demostrado fosforllacldn d• ••ta •nzlma Inducida 

por PHA tanto •n hlgado como •n mdsculo <60>. 

E• lnt•r•sant• r•calcar la funcldn de las dos mol•culaa 

g•n•radaa •n la hldrdllsla d•l PIP., ya qu• ml•ntras el DG activa 

a la prot•lna clnasa C •I IPe mobll iza ca•• •l cual también 

activa una ••rl• d• prot•lna• clna•a• contrlbuy•ndo ambos efectos 

a la r•spu•sta final de la cascada •n la s•ffal hormonal <f IQ. 

1,2). 

R•sulta lnt•r•sant• comparar ••t• sistema con •l d• la 

adenllato clclasa, ya qu• podemos encontrar alguna• slm1·11tudu1 

las mol•cula• que actdan como segundos m•n•aJeros son gen•radas a 

partir d• precursor•• fosforllados localizado• en la membrana 

plasmitlca, los niv•l•s Intracelulares de •atos m•nsaJeros son 

determinados por balance de masa entre las velocidades de forma­

cldn y degradacldn de estos compuestos, •n ambos m•canlamos 

exlst•n sistemas qu• m•tabollzan ripldam•nte a las moltculas que 

actdan como ••gundos m•nsajeros <AMPc, IPa y DG>, Inclusive en 

los di timos tres aRos s• ha propuesto (37·36> que· los nucl•dtldos 

d• guanina pued•n Jugar un pap•I lmportant• en la r•gulacldn d• 

los receptor•• alfa,-adren•rglcos, probablement• actuando en una 

protelna similar a Na, sin embargo aun •• n•c•alta profundizar 

m6s sobre ••t• tema <flg.1.3>. 
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2. POSl&LE EXISTENCIA OE DOS MECANISMOS DE ACCION PARA EL 

RECEPTOR ALFA,-AORENERGICO, 

2.1 Ant•c•d•nt••· 

Pr•1iam•nt• ••ha propu••to qu• la• hormona• qu• movilizan 

Ion•• calclo como lo• a;•nt•• alfa,-adr•ntrgicos, vasopresina y 

an;tot•n•ina 11 1 provocan la hidrdl lsls d•I PIP• •n la m9mbrana 

plasmttlca m•dlant• la actlvacldn d• una fosfolipasa c, obt•nltn­

doH como producto• d• ••ta h idrdl l•I• el IPe y •I DG. S• cr•• 

qu• •I IPa ••a •1 a;•nte que moviliza •l calcio de depdsito• 

lntrac•lular••• preferent9ment• •I d•l retlculo •ndopltsmlco, El 

DG activa 1 la prot•ln• clnasa C localizada en la m9mbrana plas­

mttlca. Esta ••ri• de .,•ntos par•c•n ••r los que d•••ncadenan 

la cascada d• la se~al hormonal dando como efectó f lnal la alt•­

racldn d• rutas metabdllca• ya ••tablecldas. Sin elllbar;o hay una 

_serle de .,ld•ncla• que su;l•r•n diferencia• •n el mecanismo. d• 

acc ldn d• los a;en tes alfa,-adrentrglcos en comparac leln con •I d• 

otras hormonas como vasopreslna y anglotenslna JI (39-SO>. A 

contlnuacldn ••describen algunas de ell••· 

a> Los efectos metabdllco• producido~ por agentes alfa,­

adrentrglcos son claramente observados en hepatocltos Incubados 

en ausencia de calcio extracelular o en hepatocltos depletados de 

calcio, pero no asl lo• efectos debido• a lo• ptptldo• presar•• 

vasopreslna y an;lotenslna 11, <3f 148>, 

b> El hipotiroidismo disminuye •l;nlf lcat1va111ente Jos efec­

tos metabdllcos de vasopreslna y anglotenslna 11 pero no los de 

las aminas alfaa-adrentrglcas, C40 142>. 

c> La Insulina diSllllnuye la glucogendll•I• estimulada por 

eplnefrlna pero no Ja Inducida por lo• ptptldos presar•• C43-
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4!1 0 4S>, 

d) La accldn Inhibitoria d• la Insulina •n la r•1pu•1ta 

alfaa•adr•ntrglca ••mayor •n h•patocltos d•Pl•tado1 d• calcio y 

•n h•patocltos d• animal•• hlpotlrold•o• qu• •n ctlula1 control. 

<43,44,48>. 

•> Por otro lado •• sab• qu• 101 glucocortlcold•• al Igual 

que las hormonas tlrold•a• tl•n•n •I llamado "•f•cto p•rml1lvo• 

<que •• la capacidad qu• tl•n•n algunas hormonas d• alt•rar la 

re1pu•1ta_ celular a otras> 1obr• la respuesta alfaa-adr•ntrglca, 

<37,SI> ya que al estudiar la re1pue1ta adr•ntrglca •n animal•• 

adrenal•ctG111i1ado1 •• v• un aumento d• la r•1pu•sta b•ta acom­

pa#ada de una dlsmlnucldn tanto •n la ••nslbllldad alfa,- adre­

ntrglca c11110 en la Movlll1acldn de calcio lntrac•lular. 

f> Lardy et al <61 062> demostraron que la glucon•ogtn•1l1 

a partir de sustratos qu• Involucran la accldn d• la fosfoenolpl· 

ruvato carboxlclnasa c11110 son •I lactato o •I plruvato •• estimu­

lada por catecol11111lnas, vasopreslna y angloten1ina 11 y que la 

r•1pue1ta ••dependiente d• calciol sin embargo cuando•• utiliza 

c111110 sustrato a la dlhldroxlacetona, los ptptldos presar•• no 

tienen nlngun efecto en la estlmulacldn de ••ta via Metabdllca, 

Ml11t1tra1 que noreplnefrlna 11 la estimula 1ignlf lcatlv11111ente, 

gl Para_ final•• de 1914 Huerta·lahena y Garcia-l&ln1 <64> 

dllltostraron que la clclohexlmlda a la cual habian caracterizado 

prevl11111ente ca.o un agente alfaa·adrentrglco <63>, actuaba a 

travts de un -.canlS1110 d•P•ndlente de calcio extracelular 

•ncontr6ndo•• de esta manera un par ... etro adicional, para 

sugerir dos 111ecaniS11101 d• accldn alfa,-adrentrglca. Esta Hrie 
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de antec•d•ntes llevd a proponer la siguiente hlpdtels d• traba­

jo. 

2.2 HlpdtHIS. 

El r•c•ptor alfa, -adr•n•rglco esti acoplado a dos mecanis­

mos de transducción, uno d• esos m•canlsmos ••ti asociado al 

r•camblo de PIPa y g•n•racldn de IP~ y OG en la membrana plas­

mltlca, es dependl•nte de la concentración de calcio •xtracelu-

una inhlblcldn por insulina y modulado por 

hormona• tlrold•a~, este mecanismo es compartido con vasopreslna 

y anglotenslna 11, mientras qu• el otro mecanismo es Independien­

te de la concentración de calcio extracelular, sensible a una 

lnhlbtcidn por insulina~ modulado por glucocortlcoides, <no 

Ct<llpartido con los ptptldos pr•sorer.>. Lo •nt•rlor. •• resum• uo 

l• figura 2.1. El objetivo gen•ral de •&ta t•sls •• •studlar el 

mecanlU110.d• accldn de los agentes alfa,-adrenOrglcos. 

12 



j 
1 l ¿ modulado por glucocortícoldes ? 

2} Independiente de calcio extracelular 

3) sensible a Insulina 

¡ t) modulado Por hormona tiroidea 

2} dependiente de calcio extracelular 

3) lnsenslble a Insulina 

f'l8. l. l llGUlt1fll DI: LOS DOS POSIBLES ICCWHIHOS DE M:CI~ Al.FA,­
MlllNlllGICA. IP., inositol 1,4,~, trlfosfato; Dll, 1,2-dh.cllgll­
cerol. 



l l. HA TER 1 AL ES Y M E T O D O S 

La part• correspondiente a materiales y métodos se da •n los 

trabaJos resp•ctlvos. 
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RESLt1EN DE RESULTADOS 

~ 1... El objetivo de ••t• trabajo fu• d•t•rmlnar •1 •fecto 

P•rml1ivo d• 101 ;1ucocortlcold•s •n la r•1pu•1ta h•P•tica alfa.­

adr•n•r;lca, obt•nl•ndo•e 101 1i;uient•s resultados1 

•> A diferencia de los animales controles en los cuales la 

re1puesta adrentrglca es predominantemente del tipo alfa,, en 

animal•• adrenalectomlzados se encuentran Involucrados los recep­

tor•• alfa, y beta adrenérglcos. 

b> La respuesta alfa, - adrentr;lca en animales adrena-

lectamlzado1 •1 dependiente de la concentracldn de calcio extra­

c•lular. 

e> La reapueata alfa. -adrentr;ica •n animal•• adrenalec-

t1111lzados e• ln••nslble a una lnhlblcldn por Insulina. 

d> La adnlnlstracldn de d•xam•tasona a animal•• adr•na-

l•ct1111lzado• revierte la lnd•P•ndencla de calcio extracelular 

para la respuesta alfa,- adrentr;lca. 

~ .2.. El obj•tlvo d• este trabajo fue someter una vla 

m•tabdllca al ••quema g•n•ral de nu•stra hlpdte1l• de la accldn 

alfa,•adren•rglca, ••co;ltndo1e ccmo modelo la glucon•ogtn••I• a 

partir d• dlhldroxlac•tona <DHA> y lactato, obtenl•ndo1• los 

•IQUl•nte• re1ultado1. 

a> La ;luconeog•ne1l1 a partir de .mbo1 1u1trato1, DHA o 

lactato, •• ••tlmulada significativamente por agentes alfa.­

adr•n•r;lcos en pre••ncla o •n ausencia d• calcio ••tracelular. 

b>' La glucon•ogtnHI• a partir d• lactato H Hlimulada 

por va1opr•1lna y anglot•n•lna 11 solo en pr•••ncla d• calcio 
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exhac•I u lar. 

c> La glucon•ogtn••ls a partir d• DHA no•• ••tlmulada por 

vasopr••ln• ni por anglotenslna 11 aun •n pr•••ncla d• calcio 

•xtrac•lulu. 

d> La glucon•ogtnesli; a partlo• d• DHA •• ••tlmulada por 

ag•ntes alfa,-adren~rglcos •n h•patocitos d• animales hlpotlrol­

deos pero no en hepatocltos de animales adr•nalectomlzados. 

e> L~ gluconeogénesls a partir de lactato estimulada por 

ag•ntes alfa,-adr•ntrglcos es sensible a una lnhlblcldn por 

Insulina solo en aus•ncla d• calcio extrac•lular. 

f) La glucon•ogtn•sls a partir d• DHA •stlmulada por 

•pln•frlna •• al tam•nte ••n•lbl• a una lnhlblcldn· por ln•ul lna 

tanto en aus•ncla como •n pr•••ncla d• calcio ••trac•lular. 

h> La glucon•ogtn••I• •• ••tlmulada por clcloh••lmlda 

solo cuando •I sustrato •• lactato. 

I.c.abAJ.Q .3.. El obJ•tlvo d• ••te trabaJo fu• d.moatrar,qu• hormo­

nas que activan a Ja prot•lna clnasa e como la vasopr•slna y Ja 

anQlot•nslna 11 •ran capaces d• Inhibir al Igual que loa t•t•r•• 

d• forbol, la reapu•ata al fa,-adrentrglca, en ••ta 1nr ~" dE'l 

estudio se obtuvieron los algul•ntes r•sultadoa. 

a) La gluconeogtn•sls a partir de> ~HA estimulad~ por 

eplnefrlna en preseneh de prc·rrane>lcl 1 uM IH lr>hlbid• d"' un• 

manera dependl•nt• dr 1.• do~h, 

y Pl1A •~eontrtrd<>!~ el 

por Ul3e~renlna, anglct~niln• 11 

~j;~ient-' orcleri dt? poh:.r,ci ... 1 

vaaopreslfla > angloten'!-ln• I! '" l'tlA. 

M L• uree><;4n':!<>ls o-.tfm•Jl~d!. por orp!n•fr lna "" pre,.•ncla 



d~ r"'-'P»neto! !O uH en hepatocUoa de anlm•lea normal•~ incuba­

d~~ .. !n ~~lelo en presencia de EGTA 2~ uM •• inhibida por loa 

tre• agentes en •I siguiente orden d• potencia• vaaoprealna>• 

PHA> anglot•n•ln1 11. 

e> La ureogtn••I• eatlmulada por epin•frlna en presenciad• 

propranolol 10 uM en hepatoclto• d• animal•• hlpotirold•o• tam­

bltn es Inhibida por loa tres agentes con •I siguiente ord•n d• 

potenclai vasoprealna•PMA > anglotenalna 11. 

Xtab&.UI !. El obJ•tlvo de este trabaJo fue tratar de caracteri-

1ar la deaenalblll1acldn alfa,-adrentrglca causada por ag•nt•• 

que ·activan a la protelna clnaaa e, obt•nl•ndoae loa siguiente• 

resúltados1 

a> La de••n•lblllzacldn alfa,-adrentrglca Inducida por 

vasopr•slna, angloten•lna 11 y Pl1A ea rev•rslble solo en presen­

ciad• calcio •Mtracelular. 

b) La d•senslblllzacldn hClllldloga alfa,-adren•rglca causada 

por epln•frlna pr&ctlcamente no•• reverslbl• adn en presencia de 

calcio •Mtracelular. 

e> La d•••n•lblll1acldn causada por ••tos agent•• ••••lec­

tiva para la respuesta alfa,-adr•n•rglca, ya que al probar .lo• 

ef•ctos 1netabdl leos de otra hormona como e• el glucagon pr6ct lca­

ment• tata no se v• af•ctada. 

d> La ••tlnÍulacldn alfa,-adr•ntrglca para •I recambio de 

fosfatldlllnosltol •• recup•ra totalm•nt• tanto •n pr•sencla como 

en ausencia d• calcio, eMc•pto cuando •l agente utilizado para la 

desenslblllzacldn e• la eplnefrlna. 

•> El r•camblo d• fosfatldlllnosltol lnduc Ido por 

vasopr•slna no es af•ctado por ninguno d• los ag•nt•• probados. 
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f> En ctlul~• de animales hlpotlroldeos hay una escasa 

r.versldn de la 

anQloten1lna 11, 

de1en1ibl1 lzac ldn lnduc ida po,. vaaopr•s lna, 

Pt1A y epln•frlna <sistema equivalente a una 

lncubacldn en aucencla d• ca••>, mientra• qu• 9n ctlulas d• 

animal•• adrenalectomlzados la respuesta alfa,-adrentrQica se 

recupera totalm•nt• con todos 101.ao•nt•• y sdlo parcialm•nt• con 

•pln•frina <sistema •quival•nt• a una incubacldn con calcio>. 
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l V. O 1 S C U S 1 O N 

•1 m•canl...,o d• accldn d• hormonas como vasopr••lna, anglotenslna 

11 y las aminas alfa,-adt•ntrglcas <39-49>. 

trabajo d• ••ta t•sls ••prepone la •xlstencla de dos m•canl~o• 

d• transduccldn para los ag•ntes alfa,-adtentrglcos <flg. 2.1>. 

En •1 pr•••nt• trabaJo •• obtuvl•ron datos conslstent•• con esta 

hlpdt••l•I s• •ncontrd que efectivamente lo• glucocortlcolde• son 

capac•• d• modular el mecanl...,o de accldn alfa,-adrentrglco lnd9-

pendl•nt• d• calcio ••trac•lular, sen•lbl• a lnsul lna <trabaJo 

1). 

Por otro iado •• encontrd que exl•t• una vla metabdllca, ya 

no en un estado patoldglco como lo •• la adr•n•l•cton..ia o •1 
' hipotiroidismo, sino un parametro •n •1 animal normal •I cual •• 

re1111lado por el m•canl...,o alfa,-adrentrglco Independiente de 

Ca••1 la glucon•ogt~•sl• a partir de DHA <trabaJo 2>. 

Loa ••t•r•• de. forbol son una ••rl• de c1111puestos tumorl­

;•nlcos qu• tlen•n dlv•r••• acciones •n una gran variedad de 

t•Jldo1, mucha• de la• acclon•• d• ••tos c1111puesto• ••atribuyen 

a la actlvacldn d• la protelna clnasa e <30,6S>, como ya•• ha 

.visto, •• sugl•r• qu• •sta enzima e•t• Involucrada en el mecanla­

lftO de accldn de algunas hormonas como vasopreslna y agentes 

alfa1-adren•rglcoa. 

Se sabe qu• ••tos agentes son capaces de alterar la af lnldad 

por 1u1 igonl1ta1 d• una variedad de r•ceptor•• <66,67> aunque 

no •• concoce adn •1 mecanl...,o a través del cual lo• tster•• de 
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forbol praJocan ••to• efectos, hay evidencias sobre la fosforila­

cldn de algunos receptores producida por 101 tat•r•• de forbol 

<61) la Inhibición de la respue•ta alfa,-adrentrglca producida 

por PMA pudiera ••tar mediada por la actlvacldn de la proteína 

clna•a C que a •u vet sería respon•able de la fosforllacldn del 

receptor. 

Existen vario• •lsternas que •u;leren que la proteína clnaaa 

C puede funcionar ccmo un elem•nto bidireccional <69) en la 

regulacldn del metaboll•mo Intracelular ya ••a que pueda activar 

o Inhibir lo• efecto• del ml.mo agonista, •In embargo aun no ••tA 

claro el efecto f l•ldlo;lco de ea te proceao. Alguna• enz lma• 

del metabol ltmo de 101 1 ípldoa del 'tno•ltol parecen. ser regulada• 

por prote(na c lnasa e, en una gran variedad de t•Jldo• la r.••ín­

te•i• d• loa pollfo•folnoaltldo• •• ••tlmulada por protelna clna­

u e <7D>. 

En el tercer trabaJo que constituye. ••ta t••I• nueetroa 

resultado• muestran la lnhlblcl6n d•I mecanlamo no convencional 

de la respuesta alfa,-adrentrglca por vaaoprealna, anglotenalna 

11 y tatere• de forbol, d• eato• re•ultadoa podemo• enfatizar el 

algÚlente puntos ••ta Inhibición •• lleva a cabo a do•i• relatl­

vame~t• baJ&I de esto• agente•, •In 9111bar;o a do•I• f lalológlcaa 

normales no ocurre la fnhlblcl6n, •• decir a concentraclon•• en 

las que •• presentan va•opre•lna y an;loten•ina 11 en condicione• 

normal•• en el organismo no actoan como anta;onlataa 'alfa,­

adrentrglc:o•, pero en condiciones; en la• cual•• hay una •.levacldn 

de ••to• agente• ademia de •J•rcer aua efectos flslol6Qlco• <conio 

va•opreaouea, ••t lmuladore1 del mehbol l.amo, etc.>, pueden Inhi­

bir loa efecto• fl•loló;lco• de la eplnefrlna; <por •J•mplo en el 
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shock hlp~1olémlco>. 

A le largo de esta tesis se ha mencionado la posible exis­

tencia de dos •mecanismos de transduccldn' para lo,; agent1>s 

alfa,-adren•rglcos, sin embargo no podemos descartar la posibili­

dad d• que se trate de dos receptores cada uno acoplado a un 

mecanismo de accidn diferente. 

Lo• re•ultados prei;entados en el cuarto trabaJo apoyan este 

hecho, ya que sdlo es rr1ersible la desenslblllzacidn Inducida al 

m•c•nlsmo dependiente de calcio <incubaciones en presencia de 

calcio y animalei; adrenalectomlzados>, mientras que la desenslbj­

llzacldn d•l mecanismo alternativo o independiente de calcio no 

lo es. Es posible que la protelna clnasa e provoque una desensi­

bllluc·ldn transltor la del receptor acoplado al sistema conven­

cional, mientras que en el otro caso se provoque un f•ndmeno m~s 

duradero. 

SI bien nuestros datos son congruentes con la hipótesis de 

trab1Jo adn queda una pregunta por responder ¿cuil es la molécula 

que actda como segundo mensajero en este sistema alternativo de 

transduccldn alfaa-adrentrglco? Alguno• grupos han propuesto que 

esta entidad podrla ser el AMPc. Chan y Exton <?1 1??> han detec­

tado aumento en los nlvele• d• AMPc •n hepatócltos depl•tados d• 

calcio. Sin embargo cuando utlliz1mos como modelo a los anima­

l•• hlpotlroldeos donde suponemos actda el m•canli;mo alternativo 

a JPe y Ca••, no se d•tectd estlmulaclón significativa del AMPc 

Inducida por eplnefrlna en presencia de propranolol (41), Por 

otro lado Lardy et al <61> reportaron que el atractlld•ldo Inhibe 

la 9luconeogtnesls a partir de DHA producido por AMPc o glucagon 
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1 . 

pero no la.estimulada por eplnefrlna, estos datos no apoyan el 

hecho de que el segundo mensajero del mecanli;mo altervativo 

·pudiera ser el AMPc. 

En resumen nuestros datos apoyan la hlpdtesls que sugiere la 

existencia de dos mecanl•mos de transduccldn p•ra los agentes. 

alfa,-adrentrglcos. 

a) Uno •convencional', corndn a los ptptldos presores que 

Involucra al lPa y al OG corno segundos mensajeros provocando la 

mobtllzacldn de Ca•• Intracelular modulado por hormonas 

tiroideas, dependiente de calcio extracelular, Insensible a una 

lnhlblcldn por Insulina, cuyos efectos son reproducidos por ct­

clohexlmlda, y 

b) Una vla 'alternativa• cuyo segundo mensajero no se 

conoce modulado por glucocorttcolde& 1 Independiente de calcio 

extracelular, sensible a una Inhibición por Insulina, sus efectos 

no son reproducidos por clclohextmlda. 

Es Importante m•nclonar que la evidencia •s bastan!• amplia 

<39-43 1 64 1 y la pres•nt• tesis) pero circunstancial! mientras no 

conozcamos el segundo mensajero no tendr91ftos una evidencia defi­

nitiva, Confiamos en que la amplia caracterización que hemos 

hecho permita lograr este obJetlvo en un futuro no muy leJano, 
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In hepatOC)'let rrom conlrol rau, lhe ureogcnic actlon oí cpincphrine is mainly. mediated through 
a1·1drenocepton and the eífect is indepcndent oí the prcsence or extracellular ~cnlclum. In hepalocytcs 
rrom adrenalcctomlzed rau, both a1- and ,8·adrenocep1or1 are lnvolved in the actlon or eplnephrine. 
Furthermore, the a1·adrener¡lc-mediated stimula1lon oí urcogcnesiJ in thcse cell1 is dcpcndcnt on thc 
prewnce or extracellular calcium. Our rc-sula lndicate that 1lucocortlcoids modulate the calclum 
dtpendency or aradrcner¡lc effects and are consistent wi1h our 1u¡¡eation thit two rathways are involvcd 

in the 1ransduc1lon of the a1·•drenerslc 1i1nal. 

Ureoge11esis 

l. INTRODUCTION 

Thyroid hormones nnd glucocorticoids are 
known modula.tors of thc actions of othcr hor­
mones, including catecholamines (permissivc cf­
fects). We have previously shown that In 
hepatoc)'tcs from hypolhyroid rats the metabolic 
actions of vasoprcssln and angiotcnsin JJ are 
markedly diminishcd whereas the effects of 
arldrenerglc amines are nol [l ,2) but bccome ex· 
tremcJy semitivc to the 1n1agonlstic actlon or in-
1ulin (1ubmittcd). The dala SUBSested that the ac­
llon of a1·adrenrrgic agents may involve two 
pathways: onc, shared with vasoprCssin nnd 
angioccn1in 11, whlch is dependcnt on cxtraccllulnr 
calcium, probably involves phosphatidylinosltoi 
tumovcr and is insensitivc to insulin; and thc 

• To whom correspondence should be addresscd 

Pil.blillitd by EL5rvlrr Sr:lrna PubliJhm B. V. 

/1-Adrenerglc r«eplor Adrrnalectomy 

othcr 1 which Is indepcudcnt of cxtraccllular 
calcium and sensitive 10 insuiin (1,2). We have 
thcrefore SIUdicd the effccl of glucocorlicold defi. 
clcncy (adrenalectomy) on hormon3l rcgulatlon of 
ureogencsis. It was ubscrvcd that In hcpatocytcs 
from adrennlectomized rats a1-adrenergic stimula· · 
tion of urcogene1is became dependent on thc 
presence of extraccllular calcium and was not af .. 
íected by lnsulin. 

2. MATERIALS ANO METHODS 

The sources of malcrials wcre lhc samc u in 
(1-3). Fcmale Wistar rals (-200 g) fed ad libitum 
were used. DiJateral adrenalectomy was performed 
by a dorsal approach¡ adrenaJcctomizcd ani.mals 
werc given 0.850,'1 NaCI 10 drink and wcre uscd 
5-8 d1y1 after operaliou. Hepaloc)'1e$ · wcri 
isola1ed and incubated under conditions lo &ludy 

0014S79J/141SJ.OO © 1984 fcderallon or European Dlochemical Socie1i~'1 
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ureogenesis as in (1-3). Urea was detcrmined as in 
(4). Thc dependcncy of extracellular calcium of 
hormonal effects was delcrmincd by adding EGTA 
(final concentration 2.S mM, adjustcd to pH 7.4) 
to thc incubation buffer which containcd 1.2 mM 
CaCiz. 

3. RESULTS 

Epinephrine atlmulated ureogenesis to thc same 
extent in hepatoc)1es from control or adrcnalcc· 
tomizcd animals (fig. J). In contras!, isoproterenol 
was much more effcctive in hepatocytes from 
adrenalcctomized animals than in control cells 
(fis. J) suuestin¡ lnvolvement of P·adrenoccptors 
In the action or epinephrine in cells from 
adrenalectomizcd anlmals. Studles with adrcnergic 
antagonist wcre consistent with the findings, i.e., 
thceffect of eplncphrlnc was abolished by prazosin 
in hepatoc:ytes frc,m control animals, indicatlng 
that the IC!lon of the hormone is mcdiatcd mainly 
throuah a1-adrenocepton (3) (fig.2) whcreas In 
hepotocytes from adrenalectomizcd rats only the 
addition of both prnzosin and propranolol blocked 
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fit. I. Effctt of epinephrine or iwproterenol on 
urqenals in hepa1ocy1es rrom wn1rol or 
mdrenalectomized rau. Hcpatoeytes from control or 
ldttnatectomlzed (ADX) rats were lncubated In the 
pracnce of diffrrent concentrations of eplnephrint (O) 
or ~erenol (o). Mcans (:t SE) are ploned of 
duplicate incub1dons from 4-1 cell prrparations. 
lelulll are apmKd as percentqe of basal urea 
producdon durina fiO min, which wu 22 ± 2 and 2S ± 
2 nmollma cell wct, wt in cdb from control and 

adrenalectomiud r1ts1 rnpectlvtly. 
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D l.2mlil caer,+ 
2.5 mM EGTA 

Fig.2. Effect or adrcncrgic antagonlst on tite stimuliuiÓn 
or urcogcncsis by cpincphrinc and role or cxuaccllular 
calclum. Hepalocytcs from con1rol or adrcmllcctoinlzcd 
CAOX) mis wcrc incuba1cd for 60 min in mcdium' 
con11lnlng 1.2 mM CaCl1 {open bars) or 1.2 mM CaCIJ 
plus 2.S mM EGTA (hatchcd hars) in thc prcscncc oí 
rn-s M eplncphrinc (EPI); io-' M cpincphrinc + 
JO-' M propraoolol (EPI + PROP); 10·• M 
epinephrinc + 10-s M prazosln (EPI + PRAZ} or 
10-s M cpinephrine + 10-s M Jlropranolol + 10-s M 
prillosin (EPI + PROP + PRAZ). Rcsults are the mcans 
(±SE) of dupllcate lncuba1ions from 4-8 cell 
preparation5 and are cxprcsscd as pcrccntagc oí basal 
urea synthesis. Da~al urca productlon in thc prcsencc or 
1.2 mM CaC)z is gh·cn in flg. I: urca productlon In 1hc 
prcscncc or 1.2 mM CaCb + 2.S mM EOTA was 20 :t 
1 and 29 ± 3 nmol/mg cclls wct wt in cclls from conirol 

and adrenalectomlzed rats, resrcctlvcly. 

thc crrcct of eplnephrinc, showing that in thesc 
cells both ar and .O·adrcnoceptors are in volved in 
the actlon of the amine (fig.2). 

To evaluatc furthcr the aradrenergic scnsitivity 
of tite cells, cxperimcnls Werc performed in thc 
prescncc (J,2 mM CaCl1) or abscncc (1.2 mM 
CaCI, plus 2.S mM EOTA) of cxtraccllular 
calcium (fig.3). In agreement with our prcvious 
studics (S), lh• ureogenic effcct of cplnephrine + 
propranolol is clearly observed in both thc 
prescnce or absencc of extracellular ealcium In cells 
from control animals. lntercstingly. in cells from 
adrenalectomized rats, thc effect of cpinephrine 
plus propranolol was abolishcd In thc absence of 
cakium (fig.2,3). Sorne cffect of cpinephrinc (in 
thc presence of propranolol) was observed In cells 
incubated in the abscnce of calcium: however, it 
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Fi¡.3. Role of eur1cellular alclum in 1he a 1..adrenerslc­
mediated 1tlmulation of ureo1enesis. Hepatocytes from 
comrol or adrenaJcctomlzcd {ADX) ra1s were incubatcd 
for 60 mln In the presence of 10-5 M propranolol and 
dlrrermt concentratlons of epinephrlne in buffer 
contllnln1 l.2mM CaCb (o) or l.2mM CaCl1 + 
2.l mM EGTA (e). Results are th< mean ( ± SE) of 4-8 
cell prqw-1tlon1 and are ellprened u percen1a1e of 
basal urea production. Bull rates of uro productlon 

are atven In th< lqmdJ to fia.1,2. 

wu oblerved at a very hl1h concentration or 
eplnephrine (io-• MJ at whlch incomplete /J· 
adrener¡lc blockade by propranolol Is very likely 
to occur. The absence of cffect in medium contain­
lng EGTA wu not dueto aeneral cell damage sincc 
clear errects or eplnephrine alone or or epinephrine 
+ pruosln were observed (ílg.2). Vasopressin and 
anglotcnsln ll 1tlmulate ureo1enesl1 In the presence 
or calclum In cclls rrom eilher control or 
adrenalectomlzcd rats (nOI 1hown). 

Admlnillratlon or deumethasone to adrenalec­
lomlzed rats (500 ¡ig 48 and 24 h before the experi­
mcnt wu performed) restored the lndependence of 
extr1eellular calcium of the a.-adrenerglc llimula­
tlon or ureopnesls (116 :t 2'1't or bual level in the 
presencc of 10-• M eplnephrine, ¡o-• M pro­
pranolol and 2.5 mM EGTA; and 125 ± 20/o or 
bllal level In the presence of io-• M eplnephrine + 
10·• M propranolol and 2.l mM EGTA; means ± 
SE of 6 experlments). Funhermore, the cffect of 11· 
adreneralc qonlsn was 1l1niílcantly reduced In 
these cclls as compared to that In cells from 
adrenalectomlzed rats not treated with the 
alucocortlcold. 

We have prevlou1ly shown that In cells fiom 
hypothyrold rats the a1-adrenergic stimulation of 
urroaenesis Is markedly diminlshed by lnsulin 

(submltted). In cclls from adrenalectomlzed 
animals lnsulin was not able to antagonize 
significantly the effect of io-• M eplnephrine plus 
io-• M propranolol (127 ± 30¡, of basallevel in the 
absence or lnsulin as compared to 124 ± 20/o in the 
prcsence of J0·9 M insulin; means ± SE of 8 ex­
periments in each case). 

4. DISCUSSION 

Our findinp here indicate that in hepatocytes 
from adrenalec1omized ratsP-adrencraic receptors 
play a 1i1nlílcant role In the actlons of 
eplnephrine. The data are consistent with the 
observation by other authors that in livcr from 
adrenalectomlzed animals the P-adrcnergic­
mediated actlvatlon of adenylate cyclase by 
eplnephrine is enhanced [6, 71. Thl1 actlon seems to 
be related to an lncreased number or /J· 
adrenoceptors In liver. pluma mcmbranca of 
adrenalectomlzed rats (8,9), Our contributlon In 
lhl• respect is to •how the lnvolvement or /1-
adrenoccptors under thls conditlon In • apeclfic 
pathway: ureo1enesls. 

More relevant ue our findinas on a1·adrener1lc 
action. Previous studle1 havc shown that the 
number of a1-adrenoccptors in livcr pluma mem­
brane Is not changed by adrenalectomy (10-12). 
However, a1-adrener1lc errec11 are dlmlnl1hed In 
hepatocytes from adrenalectomlzcd animal• (IOJ, 
lt has been ob&erVed that calclum depletlon 
aboUshes the effect or phenylephrine on 
phosphoryluc In cella from adrenalectomlud rats 
but not In control hepatocytes [IOJ. We confinned 
thls ílndlna for ureo1ene1is and lnterpreted lhe 
data as 1uuestln1 that In hepatocytes from 
glucoconlcold-deílclent rata eplnephrlne actlon 
proceeds malnly throuah the pathway 1harcd with 
vasopressln and an¡iotensln 11 (depcndency on ex­
tracellular calclum, insensltivity to .ln1ulln). 

The errect of auanlne nucleotides on the artlnlty 
1tate or a1-adrcnoccptors for agon11t1 hu recently 
been a mattcr or dl1pute 111-13). lt hu been 
1hown that auch an effect of guanlne nucleotldes 
on a1·adrenoceptors 11 modulated by glucocor­
tlcoids (13J, i.e., the effect oí ¡uanlne nucleotldes 
is not obsc:rved in mcmbrancs from adreoalec~ 
tomized rat1 but praent in membranes from con· 
trol animals and from adrcnalectomized rats 
treated wlth alucocorticaid• [13J. Thc 
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physloloslcal role of guanine nucleotidcs (or a 
IJlWÚne nucleotide bindi111 proteln) In the proccss 
of slpal transductlon for a1·adreneralc amines is 
far from clcar. However, it 11 temptins to 1peculate 
thal a rellllonship between tbc abovc-mentioned 
. flndlap and our data may ellist. 

In llllnmary, our data show that In hepatocytea 
from ldrenalectomlud ratS tbe ureo1enlc effect of 
eplnephrine is mcdiated by a1· and P· 
1Mlrenocap1or1. furthmnore, In theae cells the 
01-adrcnersle aciJon la dependen! on the presence 
of utracellular calclum. Our data are consisten! 
wlth tbc hypothcsla tbat two pathway1 are lnvolved 
in the a1-adrenerstc effecto; one ff<lll• to be 
r01ulated by thyrokl hormones whereas the other 
aeems to be modulatcd by 1lucocorticolds. 
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Adrenergic regulation of gluconeogenesis: Possible involvement of 
two mechanisms of signa! transduction in aradrenergic action .., . ., ..... , ....... 
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lt l1 well known that arldrcner¡ic aacnh, vasoprusin, and 
llliotensln 11 1timulatc alYtotenoly!tis, aluconcorsenesis, 
and ureotene1l1 in hcs-toc)'lH from normal rats throuth a 
cycfü: AMP·indcpcndcnt mcchanbm associatcd wi1h 
chnee1 Mt lhe cylowfic conccntration of cah:ium and with ""°"""""'ldc tumom 11-4). Cakium, dlacylalycerols, 
and hlotitol l,4,!·tri1phosphatc are putalive mediators of the 
ocllcoacft- "°"""""' 15-1). 

Dur1111111t la1t 4 yean we 19-14) and '"hcn 115-22! ha ve 
obwrvcd diftcrtncct hetwftft lhc action of the vuoprcnor 
JlltlllWt• Md lhole duc to a1-tdrtnerlic activation. Thctc 
dilftmll:cs led UI to propow lhc po11ible e1d11cnicc of two 
.a.illll1 of sipAl traM&hlclion for aradrcncraic action in 
tlw Uvtr ctll 19-14). OUr hypothcli1 ;, ochc1111tic:ally n:prc· 
-..111Fi1. llllldi1-.Sllllinlyoo1hcfollowinafindinao: 
(1) mtlboüc cfl'ects duc to arldttncrPc activation are 
dcldy obtened in cell1 illCUbatcd in the abtence of extra· 
Clthlllr cllcitllt lnd •••n in <1lciu11..tepkled hepalocytn, 
Mltttlt - o( lhe YPOpftllOf ptplidel IR aboli1htd (9, 
14, 20!; 110 hypo1hyroidiU11 ml!bdly dimini1hc1 1hc lft<la· 
bolit: tfttcll cf v1..,..11i11lllldlftliottnlin11 but no11hote 
dut to.,......,.. 1Cliv11ioo 111, 12); lilO in1Ulin rrducn 
tlw IÚtllltlillbl o( 1iyc ... nolyli1 due to a¡•odn:_., ICti· 
...._lout..ctflllpnoducedby•1-mino<•llliot•n•inll 
(!), 16, 17, 20): lM llte inllibitGfy IClioo of lnsulin oo 
........... IC- i• lllUUclly mqnifled in calciUM· = ~r.f :4...;:..,.~1.:=:::~= 
1111 tito ......,.ic: tfttcl1 due IO arldmtelli< omine• be· 
_.,.....oodlepttlfft<tcft1111<elluilr<llclum1!4, 
2J1-f,1 .. ···-qio: 1Ctio111meltlblt ...... ., •• ..,.... • «......,.. 11: ll'il we haYf n:<:tllly -rved thlt 
C)IClollou.IM,whi<bllilnulotnhtpali<-.boli111throuah 
• e1.-.,;o --124), -· llte 1Clioo1 o( ............... ~ ....... ..,. ....... fl .... 
lcoa tlM tllol 1111 ICllcoa cf <Y<lollta~ is ol!olfved in 
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hcpatocytH from control and adrcnalcctomized rah but not 
in cells from hypothyrold animals (1!). Thus, in 1ummary, 
our model suueMs that 01-adrencrsic efTects are mediated 
throuah two pathway1: one of them al so shared by nsoprcs· 
lin and ansioeensin 11, modulated by thyroid status, calcium· 
dcpcndent, insulin·inscnsitive, and possibly involvina 
pholphotnositide turnovcr and calcium in its mechani'lm of 
tranlduction; and another palhway, not shared wilh the 
't'llopttllor pcplide1, modulated by 1lucoconicoid1, calci· 
um-indcpcndent, insulin-sensitive, and medlated thtou.ah 
unknown wcond mcssenai:rts) IKC Fi1. 1) • 

Recen1ly, Knm and Lardy 115! reponed 1hat nmqiincplt· 
rine stimulates alucont•ncsis from dihydroxyacctone in 
the absence or prncnce of ntrKcllular calcium. lntcrnt· 
lnaly. v1sopre11in and an,iotensin 11 wcre unable to mimk: 
thc1etioncf norepineplirinc (15). These n:1uh1prompted •• 
to 1tudy comparatively the adreneraic re1ul1tlon of 
atuconc•ncsis from lactale and dihydroxy1eetant in the 
li¡ht of our hypothc1i1, and thc n:1ul1S att thc subjtcl o( lhis 
manu1elip1. 

MATElllALS AND METHODS 
~ l·Epinephrine, dl·-'"""ol, pucoteo•idl1e, 

peroxidlw, aqinine·v11opre11i11, 1netotcn1in 11, 6-fl·PfVP)'I· 
l·lhlouncil, !..:late, dihydroayocel<W, cyclohcalmlde, and 
EOTA, were obtaintd fram Sip!A. Bovinc serum 1tlbumin 
llr1e1ion V) and <oll,..n1se Oype 11) were oblaincd rrom 
Rehei1 IKanblitt, IL> and Wortllinaton, respcctively. In· 
1ulin w111 "naou' lift rrom Eli Lilly. 
-. Feltaie Wi1tor not• (180-220 al ra ... d 24hrplior 

to the Hperiment were uscd. Hypo1hyrofdi1m w11 induc:ed 
by pvi111 lhe nis wlller <Oftlaiollll 0,030% 6-•·propyl·2· 
thiounocll foto .10-40 dlyo, lllld h w11 a11e1sed by decn:aled 
wefllot pin, do)'lltll ., ftlr' and dtcn:11ed blood lcvel• or 
lriiodolhyrotliM (11, 12), Bilaterol ldrenaieoloOty w11 per· 
!Ol1Mdby1dmal-h;lldnnaltcl<Hlliltdllllimal1w..., 
ii•t11 0.1591> NICI to dnnll tnd werc ultd 5-1 dly1 llller 
-ion . .......,...__._._., H<1'110<ytn 
were bolaMtl by thc me1hod of BeOTY llld Frilnd 126! 11 
--by Tolbert tr al. 12). HtflllD<YIH l•«l ftll, -
weiPll wtre illcvbalcd for 61111111 11 37"C in 1 wller-both 
lltlUrin l 811cf Kn:b1-Rin¡erbk:-thulrcr<OetninÑ11 
l'll>bovilt ocn111111....,in 11pH7.4 vnderaaa........,.re o( 
-0,/5'll>CO,. 

•• 111 tht ..... - ...... ctll• ..... ilt<tlboled ilt .... 
,.._. o( 1 ,.M _...... 10 hlock thc lf-odren<l1ic: 
IClivky o( tlot llfM• llvdied . .....,..-.. by l1oclf did ""' 
alltct tht ,,.._.. ........ Glu<Olt Wll dtlcrmitled ill 
..... 1c(llltsvpcrn11MlbylhcpU<OWOlidaSC·ptrollitfut 
- 127). GIV<UI< 1yn1hcd1 r ............... ...,.._, 
(10 llM llClale "' 2.5 mM diltydroayoctl-l 1111 ....., 
corm:ttd ror 1yntheli1 rrom etldoacnou1 metatiolitct by 
1Uhtncti111 the ........ Pfoduclioo in the •h>enct of 1ub-
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FIO. l. Sdlt.-k rqintnlation rl 111·1dmwr¡ic actton. IP1. 
llOlilol l,4.5-tritplpplaalt; 00, diacyl¡tycnols. 

llrata from tholc vllucs in the prcsence of subslrate. Ali thc 
Ütl an: lhe IYfrlll' of duplicate inc:ubalionS of al least four 
dill'mtll ccll plCpllllion1. 

IESULTS 
G U - .. , • .., _ _..-.Epi· 

.......... In dot -· af 1 ,.M --(IO block it1 
,,..,,.,,,.. ldiYilyl 11inMllated in a dooc-depe- fuhion 
die pnDKtion af """'* from dillydroxyacetone or lllC1lle 
(f"11< 2).111e-aflllucowprod11<tionfrom lll:tatewu ..-. -Ulol frotftdillydroxy- wuooly •211%. 

To cvahllle ttte role oí cxtraceUular cakium in the 111· 

ldre.erlic-Milled 1tlmula1ioft1 of t:1uconeosenni1 from 
lhnl lwo ......,_, trlll wcrc w1Wd and inc:ubitcd In 
bulrer withoul C.Cl1 and con ..... 2' ,.M EOTA. Under 
thne condil:ions, cpinc:phrine wu also clcarty able to slim· 
ulale atu<-oells frorn bolh 1ubotrates !Fil. 21. lnler· 
nlillllY. the muimll 1timulation of sluconeoaenesls írom 

·LOG ( EPINEPHRINE J M 

FIO.Z • ........_.-bllllllkclaf....,......., 
...._._ MllM .,..,._ IDllAlor IOmM -........... --witll--···"" ........ _,,U•MC.Cl,telariotlot-afC.ct, 
--flll-MEGTAtcl ......... 1111_ ... ,.nical 
--lllllEMol~-lonÍIUll4-lcdl --.-..... _. ..... _,,, ............. ,,...._..,_,_,•llidlwall• l•ll• l­
"'"""''""1"'4WliPtlio11lw_.or_fl_, 
........,., .. frella.lllt,ñkh .. 1.9±0.lMll5.5:t0.4 
- ........... 1"'4 ............ - ....... ,,, 
..... ..........,,•,l<0.001 v1.llaulwllut;••,l'<0.00$v1. --· 
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dihydrm1.yacetone by epincphrine underthnc condition! was 
biucr , .. )0%) than in the pres.ente oí calcium. In addition, 
thc dose-response curve to epinephrinc in lhc prcsence of' 
lactate as subitrate was shifted to the len ( -1 order or 
maanitudc) in the absencc of calcium as compared to the 
cune oblained in medium with calcium. 

Tbe efl'"t of thc vasopressor peptides, vasopreuin and 
aqiolensin JI, on ¡luconeopmesis was 1tudied and the 
results are prescnted in Fia. l. In qreement with Kneer and 
Lardy 11,), we obsened thal vasoprenin and anP>Cen1in 11 
wcre lneffeclive in stimulatina aluconeo¡enesis írom 
dihydro•yacetone eithcr in lhe almnce or prcsencc or 
Cllnccllular calcium. 

In cOlltrast, bolh pcplidc hormones were ablc to stimulale 
atui;:oneoeenesis from lactatc In lhe prHcncc of' Qlcium; no 
dfect of lhcsc pcplides was obscrvcd in thc absence of thi1 
cotion lfil, ll. . __ ........,..._HJfllll,---.wn-
- -. Epincphrinc in the pmoncc af 1 ~M 
propranolol !ltimulated 1lui;oneo1enesis from bottt 
dihydro"yacc1one or lactale in hcpatocytn from 
hypothyroid rats ffis. 41. In contrasl, in hepatoi:yles from 
ldnnalectomizod rato, epioephrine tplu• 1 ,.M propnmololi 
WH inerfcctive in stimulalin¡ ¡luconeoaenHÍS from 
dihydroxyecelonc bul produced a clcardolc-depcndent stim­
Wllion oC ¡Juconcotenesis from lac1ate • _., _ _.e,-.-. Tho 1tre<1 af in1uUn 
on thc stimulattons of t1uconcopncsi1 f'rom lactate or 
dihydroxy1<0tone by epinephrine 11 pmontcd in fil. !. 
lnsulin was wilhoul elf"t by it1elf. Howevcr, it .ttolithed lhc 
11imulation of aluconeosenesis from dihydroxyacelone pro­
duced by epinephrinc both In the PRWnte or abtenco or 
eakium. In '°"'lrasl, in the prcwnce of 1.:tatc as subttrate 
llltd in butrer tonlainlr.i eokium, insulin did nol dimlni1h tite 
llimulation or 1luc-oe1i1 produced by epinophrinc. In 
the ab1encc of cakium, insulin sl¡nifieantly diminishcd the 
1timulaUon of atuconcasencsis from lactate produced by 
epinephrine. 

Cyclohcximide, whlch Kems to be a putial aradrtneraic 
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topen symbolsl and lactatc 10 mM Cclo\td symOOl~t. Hcpaloc)'les 
ltotaltd from adrcnalcc1omlud IADXI or hypuehyroid fH't'POI rall 
wcre incubattd wJ1h 1ubttra1c1 and •Jenb for 60 min in thc prcicncc 
of 1.2 mM CaCI:. ltcsults are 1hc means t:SEMI or duplil:au: 
lncublfionl rrom 4-6 ccll pnparations •nd m upmwd as 1hc 
pm:tnt• of blill lluc:OM 1)'nthcsi1, whk:h was in c;clls from 
Mmlaltc1omlud rats. 16.2 % 0.6 and 14.7 :t 0.9 from dihydro1,y· 
ICCtone and lact1tc, tnpcctivcly, 1nd inccfü from hypothyroid ra11. 
14.9 ~ 0,17 1nd 9.l = O.U nmol p<r ma o( ccl\ v.et wclaf\t from 
dihtdro1yacctonc 1nd laclatc. rcspcctinl)'. •, P < 0.001 vi. bt11l 
vatuc; ••, r < 0.02 n. bau.I valuc. 

qoni1t in ll\'cr ccll1 (24, 2,J, slimulatcd in a dosc-dcpendcnt 
fuhion aJuconcoscnni' from lac1a1c, but il was complctcly 
lndfcc1ivc in doin1 so whcn dihydroxyacctonc was the sub· 
1tra1c (fig. 6). 

DISCUSSION 
Se\'cral lincs or evidencc ha\'c suage&lcd that sorne dílfcr· 
enccs In lhc action of vnsoprcHin and angiotcmin 11 may 
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f10. '· Elfcct uf ln.ulin "" stimulation of ¡luconeoacncsi\ from 
1.S mM dlhydrot.t·acclonc tDHAI and JO mM IKta1c. Hcpa1ocy1n 
rrom control nm 'A~re incub111cd in mcdium con1ainin1 l.:?mM CaCI: 
~•n bartl or 2.S .,.M EO'rA 'A-itho111 CaCl: lhatchrd banl in 1hc 
prttenc1of1 µM cpincphrinc and l ,.M propranulol 1EP)), 1 "M 
cpinephrine/111M prapranulol/0.1 µM insulin lEPI +·INSJ nr 0.1 
l'M insulintlNSI. •, P <0.001 \IS. baulvaluc: n. f'<O 001 V\, EPI: 
•••, P < 0.02 vs. EPI. 
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F10. 6, Dosc-re~ponw curve for cffcct or cyclohclimide ICHMI 
on ¡lucUf'ltopncsh from 2.S mM dihydroxyacctunc fopen \quam) 
or 10 mM l.aclatc tcloscd circlcsl. •, P < 0.001 vs. baul valuc. 

uist, and -.·e havc proposcd for the hypothe1is 1hat ar 
adrcncr¡ic acUon in\IOIVH two mc:thanisms-1.c .. thc "con­
vcnlional" mcchanism shared with vasoprcuin and nn1iu­
tcn1in JI andan "altcmativc" mcchanism lsce fil, 1119-141. 
Oluconcoaencsis from laclatc 5cem1 to t'C modulatcd by both 
mechanisms. In contratt, synthcsis of 1tucosc: from 
dihydroxyacctonc s«ms to be cxclusivcl)' modulated by vnc 
of thc pnth~·ays of thc: aradrcncr¡ic action-i.c., the altcr­
nativc pathwny. St\'eral critcria wcrc fulfillcd for this con­
clusion: (i) the cffect of cpincphrinc is not mlmkkcd by 
\'asopreuin, an&io1en,in 11. or cytlohc1'imtdc lfi1s. 3 and 61; 
Cii) this aclion of epincphrinr. is not depcndcnt on 1he 
prcscnce of cxtracellular t1tlcium lin facl, the c1Tec1 i\ cv(n 
biaaer In thc abscnce of e11.tri1ccl\ular calcium: Fitt. 21: lliO il 
is vcry scnsilivc to 1hc actionof lnsulin(fig, SJ: and tf1·) il can 
be obscrved in hepatocytcs from hypothyroid rats bul not in 
cclls from adrcnalec1omi1ed animals (fig. ·O. 

Our results are in e lose ogrccment wi1t11hoo;e of Knccr and 
Lardy (15). However, therc is a dilTcrcncc in our findin¡s; 
lhese authors did not observe un clTecl ofadrcncr¡ic a¡enl' 
on aluconeogencsis from laclatc in U1c nb\cnce of calclum 
(U). The reason íor thi' is untlear al ptesenl. Thcte nu.thoíl 
u sed norcpincphrinc ralher lhan cpincphrine, and only ai onc 
conccntra1ion. 

Thc cff'ccl of epinephiinc on aluconeoacnesi' from lac1atc 
seems to be medialcd by both palhways of aradrcncr¡ic 
action but, in1crutin¡ly, thc: dosc-rcsponu= curve to the 
aaonisl is shirted to thc ldt in 1he abscncc of calcium El\ 

c01aparcd to the control tfig. 21. This h. surrrisina becausc 
attually wc exrec1cd thc opposile hl uccur. and it sunc't" 
that sorne amplification of thc a.-nd1encrgic acuun may 1akc 
place under thi~ condilion. The effocts of u1·adrcncrgic 
qcnts are 1hought lo occur throu1h mcchani!.ms indcpcnJcnt 
of cyclic AMP 1 l-IJ. Howcvcr, whcn the celh1 are incuhatetl 
In the absence of calcium, thc si111ntion is sumewha1 mun: 
compllcated. Undcr thi!i condilíon, a 1·adrcncr1ic actl\'nli\1" 
reportcdly hicrcascs cytlic: AM ... lcvcl\ 123, 28, 29). Furthcr· 
more, lt ha\ bcen suucstcd that a¡·adrenoccp1or1 btcumc 
1imultancou1ly couplcd to two 1l1nal transduction mecha· 
ni1ms: caltium mobilization and cyclic AMV p:cneration (19, 
lO). Thcrrforc, a rote ofcyclic AMP in a1.'adrenergic acliun 
cannot be rulcd out at thc prt°'cnt. Howcvcr, wc ha\'C bccn 
unable to dclcct uny \i~nif!cant stimulauon of 1,:)·clic AMi1 

formation by aradrcncr&ic ;1ctíYalion, cvcn in ccll1 from 
hypothyroid mt1 where 1hc altcma1ivc a1·adNners1c path· 
"ªY prcdomlnatcs (ll), ín ttddilion, Lurdy r.'I 111. UU havc 
obtel'\'ed thnt auac1ylosi1lc: inlubits !he enh.1m.:c111cnt of 

• 
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gluconeo¡cncsis from dihydro"yacc1one rroduccd by cyclic 
A~P or, 1lucagon but no~ lhe enhanccment rroduced by 
ep1ncphnnc. These data ra1se somc doubh on thc metabolic 
li¡nificance of thc reponed a¡·adrencrgic stimulations or 
cyclic AMP gcneration. 

In summary, thc data are consistcnt with our rroposa\ of 
lw~ mechanisms or pathways involvcd in ar11dre:ncrgic 
KlfOQ, They also su¡¡esl thal tbc aradrcnergic re11ulaliun of 
aluConeOi(ncsis from dihydrolyacetone takcs place throu¡h 
the pathway thitt is cakium-independent, insulin-sensilive, 
and modulated by 1tucoconicoids. 

The Mllfrlort thank Mi.. Guidalupe llt1mtrcz for 1ypin1 thc manu. 
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SmMARY 

Using isolated rat hepatocytes the effect of vonoprcssin, 

angiotensln Il and phorbol myrlstate 'acctate on the actlon of cp1Mphrine + 

propranolol (alpha
1
-adrcnergic action), was studied, Three con•lltions in 

. which epincphrine + propranolol produces ··lear mct.1bollc effocto but the 

vasopressor pcptides lo not do it so (.1lthough thcy stlmutalc phosphoinoolti~ · 

turnover) were sclccted. These conditions are: a) urcaeenesls in medium 

without addad calcium and containing 25 µ!! ECTA, b) ureagenesis using 

cells from hypothyroid nnimals and e) gluconcogenasis frm dihydroxyaceton'j'. 

It was.oboerved that under the ·three conditlons th~sc agents lnhibited in 

a conccntration-dcpcndent foshlon the cffect of epincphrine + propranolol, 

lt 11 suggestcd that actlvatlon of protcln klnase C by phorbol eater1 or 

. ' physiological stimuli (hormones. that activate phosphoinositide turnover, 

auch as vasopreSBin or angiotensin 11) 'modulate the hcpatocyte ~lpb11-

. edr~nergic responslvenese. 



.. 
1,- lNTRODUCTION 

Activation of a
1 

-adrenoccpta rs .r~sulto in an 1~crcasc4 turnover of 

phasphainositidcs with the. &cncr.1tion af dlacylgtyccrol, and lnasltol 

1, 4, 5 trispbos¡ihate; tbc latter metnholit~ induces mobltizatlon of 

calciua (1-3). Colctu.,, 1110,;itol trlaphosphotc and dfacylglyc•.,rols are 

putative sccond mcsscnL rs or coupllng factora of the a1-adrc~1l!l'8iC 
actlon 11··4). Propn¡:at!on of the sl11n"1 s<cms to uccur thrau&h calclum­

dep.in.icnt proteln kin•••• and the calclum-phasp1101lpld-Jepcndent kln.Se 

(proteln ltinoH C)(5J, Surprlsingly, actlvotlon of protein klnMe C wlth 
; 

pliorbol estera nOt only docs not mlmic the 11ctobollc efCcctl of 

cpinophrlne but abollahe1 th~ actlon of a
1
-adrcnerglc agonista ln 

hepatocytea (6-10), Thla rahea the c¡ucatlon aa to whetbor physlolo¡lcal 

atlmull UJ produce a ai•Uar effect. llere ve describe e'xpert•nt1 

deal¡ned to test thl• palnt. Our resulte clearly indlcat1 that thl · action 

of. homone1 that acttvstl phaephoinoaitide tur-er, euch .•• vaopr111ln 

' a .. analot•neia 11, luda to a
1
-adreneralc dHenelthatton. 

2,- NATllIALS AllD HITll>DI 

ti. 1ourc" of aaterial• ara tllose report .. prevlouslr (6-IJ, 

lepatoc,r11 wra l•olat .. by the Htho4 of lerry and Frie .. (lll fr• 

'-le Vilt•r rau velahlna 180-200 I• Alllaali fa• ~ ll•ttua 'vera .... 

f~ .tlle stuollH oa 11nap-11 ... U·ho11n faet .. rete l• t1-e oa · , 

11•-•-l•. Cell• (rou1hly 40 •I vet velaht) wre tncubetd ta l al 

el lnh-J{npr blcar•Ollate ·bllffar, pi .7.4, un4er an ai-p1ilre of HI 

~ SI co
2

, for 60 aln at J7'C in e vater hth 1haur, ror the 1tuUn . 

.. 
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of gluconcogencsis thc cclts Ycre incubated in thc presence of 2.5 mM 

dihydroxyacctone (DllA) ai1d ¡¡lucosc Yns dctermlnod in allc¡uots of the 

.supernntnnt by the glucosc ox\Jasc-pcroxid.1se metl1od (IZ). Glucosa 

productlon from cndoacnous substr:itcs \las sulistr:ictcd from thc valuea 

obt,dnc-d in tlu! prnscncc of nttA. In l11c strnHcs of 11rc.1¡;~n1.1!ils, thc r:.::ltlu!I 

in whlch the cC!:lls wcrc incubJtcd \MS st1pplcmc11tcd wlth 2 tr.M ornlthlne 

•ni 10 1ni.'l glutamlnc. ttrca was '1unntifll.?J in t.'hc! r.11pcrnatant bf tht 

mcthod of Gutmnn .1nd Bergmcyer (13). Bu(fcr wlthout calci .. rcfcra to 

Krcbs-Ringer bicarbonat" buffer to whlch no calclm chlorÍde vas addcd 

and vas supplcmcntcd with 25 ~H ~GTA. 

In all experlmenta in whlch cptncphrine was cmployed, the cella· 

vera allo incubntod in the presence of lQ-6 or 10-5 H propranolol to 

block ita e-adrenergic activlty. Propranolol by itaelf die! not affect 

tia paranetera otudiecl. HypothyroldiH waa inducocl by ¡ivln1 the anl1'1alB 

vater containln1 O.OJOS 6-n-prop7l Z-thiouracil for 30-50 claya ancl it vas 

aa•H~ld 1>7 clecreasecl vd1ht ¡aln, dryneH .of tia fur ancl decreued levala 
• 

of trUMot1'17ronlna (H,15). 

,,. lllULTS Alll DlSCUSSltW 

la llapatoc,Cea. epinepllrine" (lll •a4renar&lc effect), Y~oprHata an4 

.eqlotetwl• ll 1tleulata phoephoinaattlde turnover .... eoee Htaboltc 

pathra19 (al1copn011ata 11'), 11uconeopned• (17-ltJ •"' uraapn .. ia 

l:IOJ). llowwr tllera are at leut' thrd condltto• in vllich, elthoup 

:pllHpholmattH• turnovar ta atimulat .. bJ •-preHln ancl •natotenatn 11, 

.., •t.•~lic etleulation of t~ ••taboltc pathiraJ9 is produc .. "' tlla 

••oprH1or pepttdea. Th•• conditlo• aras a) tncub1ti- In tlle 

" •"Hnc• of calct1m1 (20)¡ ") cella fra 1l:rpotb7rold ani .. la (14,lSJ aitd 
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e) aluconeogenesil fro11 DllA (18,19), lntcrestingly, in this three 

condltions ª1-ndroncrcic aennist• c~early stimulate the metabolic 

~araaeter1, situation which has allowcc! us to propase the involve11ent 

of tVo paramctcrs, one shared and another not shared wlth the vasoprcssor 

peptldea, in the a¡-adrenerglc action (14,15,19-22). Activation of protein 

ldnase e by phorbol dlcsters blocks both pathways of the ª1-adrenerglc 

/ . ' :' action (6, 7, 19,22). Taking advantage of this situation, ve cxamlned the 

effcct of 4-11-phorbol Í2-myrlstate 13-acctate (PMA), vasoprcssln and 

angiotcnsin 1I on the actlon of cpincphrine plus propranolol. 

f.pinephrine~ Un the prcscf°e of lo-6.i propr•."~~ol) stimulated Í.n: a ·, 

concentration depcndcnt fashlon the production of ¡lucose fro• DHA (Fl.1.1, 

p~nel A), In a1reeMnt vith pr.;,ious findinga !'KA, vnsopre11in and angio-

tenain, 11 ,..n unaltl• to alter the bual rata of glucosa production trae 

DRA <- ehovn)(ll,19). tntere1tin1l1, the1• three aaents inhlblted in 

a conccntration-deperdent fashion the •ffcc't of 10-'ii eplnephrin• (plue 

lo·fx. prapranolol). 'ftle order of pot~ncJ for thl9 ef
1
fect va• vaaopHHln >: • 

llfA'• an¡lotemla. U ('11. l, panel 1), 

lt.~lar reaulta ver!' olttainlll vhen ureaaen•i• vu atudle4, 

lplnaphrlne (in the pree.anc• of 10-SK propranolol) etlaulat•• ureapn•i• 

la cella fro11 control rete lncubati4 in thl abeence of caldua (rt.1. 2, 
•, 

•-1 A), an& 111 Hll• fna llnothJroH rata (rt.1. J, panel A), ... 1 

ior .. ucttO. •f urH .va1 not 1ffect .. 1tJ ~uopr11al11, a111lntanal11 11 or lllA 

• uqler tliele coiiilltt-· (not a'-8)(14.15,201 ltut e1Hrl1 tnld•tt ... l• • 

c1111cntrattoe-4apanü11t fuhloa ti. affect of •plnaphrln• (pl• pro,ra•l•l) 
• . 1 

(111. :a, •-• 1 .,.. rt1. '• panel 1), Tha or•er of potelli;r for t~• 

effecta VM aleo ~uopraHla > JllA! analotanaln ll' (fl.I• t, panal 1 .... 

n,.· ,, panel •>· 



Our .tata sug¡;cst that thc actlvity of protein kinase C modulatea 

tha a
1 
-adrc11ergic scnsitivity of hcpatocytc•, Thc physiological nctlvators 

of protcin ltin•H C are thought to be diacylglycP.robl which are formed 

frca the brealcdown of phosphatldylinositol (4), Vasopresain t.-~nsientlJ 

lncreaocs the concc'ltr~tlon of dlacylglyccrola ln h•potor.yte• (23) nnd 

}t haa bccn observcd that a synthetlc dlacylglyccrols (1-olcoyl Z-acctyl 
I . . t . 

-' glycerol) can block thB a1-aclrenerglc actlon in liver cella .(IO), · 

_Activatlon of prot.cln ldnnse C seems to pby a key role in 110dulating 

the cell sensltlvity to a varicty of hormonu, ncurotransmittP.ra anll 

arowth factora includin1 insulln 124), eplclemal growth factor (25,26) 

a~etyl chollne (suecarinlc (21,ZBJ and aclrcnaline ~6-10, Zl-31)~ Koat of 

theae actions of .protcin ltinas. e le ad to ce U desenslti&atlOll. tn th~• 

...... proteln klnas• e .. _ to play • key role in 'hoeoloaous ancl 
. . , . 

hetero1o10 .. deae~altization. ~ver, thla, la not tha casa for all 

911clulatlona of cell reaponaiveneaa. tn a very e1e11nt atudy, Supen ~ .!!• 

[JlJ, oZ..ervecl that a¡-adran•1lc actl~atlon pótant~atH ll-~ranar1lc 

acUClll ln rat plnaalocyt• (Jl), Tiila effect la Íil1dckecl 117 l'tL\ (Jl), Moa& 

of thaH phorliol eater-.edlatacl chan'"' in cell reaponalveneaa to ho­

aa• to .. •aciclat .. to racaptor pho1phor7lattoo (U-30), !he lllldarlfln& 

-~~·i• Hc:hPI .. (•) throu&ll vhlich phorliol astan, vaopreHln ... 

_llftll.tanala 11 lllock a1-atraner&lc ac:tloe le cuinntlJ uncl~r raHarcll. 

. ' . . . 

·I 
1Me ···-•"va ~11rtl1l11 "'"°rt .. llJ • Crant fra. CCMACJI 

~ OZOJU). J.A. cArcla-lllna la • ''ª Guaant.l• r.1111111. 1'le 

•tlloN thank Ka, Cua .. lu,. .. rraa .for a'1llfllll7 tJPllll tite UllUHrlft, 
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Flg. 1. • . r.oncí!ntrntlon-rC'i>ponse Curva fot thc Effcct of F.p1nnl1hrlnc nn 

Urc.1g1mcsitl (v.1ncl A) nnd F.f(ccts uf TPA, Vn!loprcnuln nml Anglutcn:Jln U 

(pnnel 8). ltcr:itocyt('JI wcre lncub.1tcd !or GO 1nln in 1.icdiuua without 

Cnr.1 2 .nnd cont;1l11lug 25 t•K EGrA t.1 thc ¡n.ccr.nrP. tlf ·1lrfor1mt co1\..:cntríltlon1 

~f í!pi.1aphrlna (plus Lo-• M propl :111,lol) (•-o), (¡l0111cl A) 1lt wlth 10-1 H 
• i:I'.; 

/ cplMphrlne + to-• H pL·opr•molol •nil diffcrc~t r.nncentr11t.inns6 of TPA (A ), 
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VilSoprcsstn ( rJ ) nnd nnglotcn:tin 11 (o··o) (r:mal B). R..':>u1ts nre t11a 

mÓnns (± S.E.H.) nf ltupUcate lnr:ub:1tto1111 Crn11 l-R r.c\l rrrr:1rnttons and 
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Ptg. l Concentrntlon-rcsponse Ct1tve Cor tbe Effcct of Epincphdne 011 

U~agenesia (panel A) and Effcct• of TPA, V.asoptcHln nnd Angtotcrusln II 

(panol 1) ln t!P.patocytee f.uotntct.f froa llypothyroicl Rata. lt!pM.ocytca 
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/ Pplnrrhrino (plus 10-• H proprnnolol) {e-tt) (¡•ano! A) •nd vlth 10-1 M, 
: ~ . I~· 

r.ptncphrine t 10 M prorr:inolol and Jiffercnt cnnccntratioT of TPA) 

140 

( 6 )1 V'1GOam.~s1n ( r1 ) or aneioten&in U (o-o) (r.anel B). Rcsultl 

are t~• me&111 (S.l.M.) of d:1.Ucat• tncuhat.ton¡ from 3-5 cell preparatloM 

anl •r• exprHa~d as thll percent•1• 'of b.19al urea 1ynthcab, vhlch v• 
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Actlvatlan af prat•ln klnase e block• th• alphaa-adr•n•rglc actlan 

In h•patacyl••· Pr•lncubatlan af h•patacyl•• lln buff•r wlth ar 

wltheut calcluml wlth vasapr•••ln, anglat•n•ln IJ, pharbal myristat• 

ac•~at• IPHAI ar •pinephrin• + prepranalal •ark•dly dlmlnl•h•d the 

cf th• c•ll• l•tl•ulatlan af 

ur••g•n••i•l ••••Y•d In buff•r wlthaut calclu•. On th• cantrary, wh•n 

th• alphaa-adr•n•rglc r••panslv•n•ss was assayed In buff•r cantalnlng 

calclum na •ff•cl af the preincubatian with vaaapr•••ln, angicl•nsln 

JJ ar PHA was eb••rv•dl preincubatian wlth •pln•phrln& dl•lnl•h•d th• 

aiphaa-adr•n•rglc r•spansiv•n••• af the cells. 

•Jn h•patacyt•• fram hypathyrald rats th• pr•lncubatlan wlth th• 

actlvatars af prat•ln kln••• e lvasapr•••in, anglatenaln JJ, PHA and 

•Pln•phrln•I r•duc•d mark•dly th• alphaa-adru•rglc r••p~nalv•nH• af 

th• c•lla wh•r••• In ld•ntlcal ••P•rl••nls usln9 c•ll• fra• 

adr•n•l•cta•lz•d rata anly th• pr•lncubatlan wlth 

dlmlnl•h•d th• r•spanalv•n•••· 

Jt I• canclud•d that actlvatlan af prat•ln kln••• e lndYc•• 

d•••n•ltlzatian af lh• alphaa-adren•rglc actlan In h•patacyl•• and 

that the calclu•-lndep•ndent pathway af the alpha.-adr•ner9lc actlan 

lpr•da•.lnant In cel l• fra111 hypathyrald anl••l•I resensltlzH 1111re 

slawly than th• calclu•-d•p•nd•nt 'pathway 'cpreda•lnant In cella fra 

adrenal•cta•lz•d ratal. Epln•phrln• In addltlan ta lndyce thl• type af 

d•Hnaltlutlan lthraugh' prat•ln kln••• el lndyces a fYrther 

refractarln••• af th• e•••· taward• alphaa-adr•n•rglc aganlats • 

. ' 
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One af lh• •o•l fascinaling aspects af blalogy is the dyna111ic 

nature Df cell responsivenes~I c•lls have acqulred a larg• nu•ber af 

adaptative proc•sses ta •adulate their r•span&•• ta hcr•anes, neurc-

tran .. llters, autacaid• and In general, ta externa! stl•uli. On• af 

such adaptativ• proce•••• Is lh• phena••non af d•s•nsitlzatlan, .In 

"'Mch a cel l beco••• refractory taNards a hor•anal aganist after a 

·sln9le ar rep•lltive stl•ulation. l!es•nsltlzatlan •ay b• harmane 

speclfic lhamalo90usl Mh•n expasure af cell& ta a glven hermane 

r•sults in subs•quent d•creased response ta th• sam• har•one or •ay be 

r.~n-ap•clfic lheterala9ousl "hen th• response to ather hormones is 

dl11.lnlshed. The pracess 11ay accur rapldly Cminutes ar secandsl ar mere 

aloMly lhoura ta daysl and •ay invalve changes at·th• r•ceptcr leve! 

ar distal ta th• receptar. 

Desenaltlzatlan has been •alnly reported far har11on•• that act 

thrauth receptara caupled ta adendylate cyclase such as the beta-

adrener9lc receptar [revl• ... d In l and 2J. Hawever, th•r• is also scme 

evldence far desenaltlzatlan af receptara nat caupled ta adenylate 

cyclaae 13-9J. In llver cella, lt has b••n reported that vasapreasln 

and alphaa-adrenerglc a90nlats induce daae-dependent heteralagaus 

deaenaltl1atlan [6-SJ. Hawever, ather reparta [91 101 lndlcated that na 

d•sensltlzatlan accura In the pres•nce cf extracellular calciu11, 

au,,..un9 tllat tlle desanaltlzaUan ab•erved [6·-aJ cauld reflect lh• 

depletlan af a haraane-sensltlv• calclu• poal llOJ. 

lle 111-lSJ and athers [16-171 hav• abaerved that actlvatlan af 

prateln kln••• c by pllarbal estera ar synthetic diacyl glyceral• 

ltlacks lh• actlan af alphaa-adren1ngic ag•nts but nat that af ather· . 
a,.nts that. act thrau9h th• aame prac••• af signa! transduction <such 
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as vascpr~ssiri ar1d angiotensin II>. We- have su99ested C11-15l 1 lhat 

actlvallon cf protein kinase e b>' phc..-bol esters ma» lEad te 

refractoriness throu9h alphaa-adrener9ic receptor phcsphorylationl 

dlr•ct evl_d•nce supportln9 thls su99esllon has been recentl}' reported 

[_181. 

Prot.ln· lclpase e actlvatlon se&m• to be part o/. the •l9nal 

propa9atlon preces• far the actlcr, cf a9ents that stl1nulate& 

phcspholnosillde turnover [19-221. Theoretlcally therefore, act1vatlon 

of phosphoinosltide turnover by alphaa-adrener9ic a9ents 1 vasopressln 

or an9lotensln Il could lead to proteln klnase e activatlon 'and 

blockade of the alphaa-adrener9ic action. We ha.ve recently tested thls 

polnt studyln9 condltions In whlch the alpha,-adr•ner9lc actlon Is 

preserved but ther• I& no 1netabollc effect of the vasopressor peptldes 

vasopr•••ln and an9lotensln II <althou9h they stlmulate& phospho­

lnosltlde turnover> [231. Under the1e condltions phorbol ester&, 

vasopr•••ln and an9lotensln II produce a dose-dependent lnhlbltlon of 

th• alphaa-adr•n•r9lc actlon C27l. 

Th• •ff•ct. of removal of theH l l9and• ( phorbol 

•plnephrlne, vasopr•••ln and an9lotensin II> en the alphaa-adrener9lc 

responslv•n••• of the hepatocytes was studled and the re1ult• ar• here 

pr•••nted. W• have prevlou1ly su99ested that the alpha,-adrener9ic 

actlon In llv•r cell• lnvclv•s lwo pathways: al a pathway shared ~•lth 

vHopreuln\ and anglchnaln lI and whlch Is calclum-dependent, 

lnsulln-lnsensltlve and mcdulated by thyrcld hormones <i,e. markedly 

dlmlnlshed In hypothyrold rats> and bl ancth•r pattMay nct shared wlth 

lndependent of ••tracellular calciúm, 

lnsulln-sensltiv• and mcdulated by glucocorticolds (marlc&dly 

4 



diminished ir· a:1r~r1~.lec:torni=(·d rals> C1~, 24-2ZJ. Cur data ir1dica.te 

thal aft&r remcval of th• activators cf protein klna$e ~ the ~alciuM 

dependent pathway recov•r• rapldly wherea• th~ calcium-lndepend~nt 

patln°1ay doe!l not de !t wo, 



HATERIALS AND HETHODS 

1-Eplnephrlne, dl-propranolol, urease, arginine-vasoprossin, 

anglotensl n II 1 6-n-propyl 2-th!ourac 11 1 EGTA and. phorbol 12-m)•r Is tate> 

13-acetate were cbtained frorn s·igma Chetnical Company. 

Collagenase was from Worthlngton and t 32PlPI lc:arrier free> V1as 

obtalned from New England Nuclear. Glucagon was a generous gift from 

El! Lllll, Other sub•tanc•s were reagent grade of the best quallty 

aval lable. 

Female Whtar rats 1190-200 gl fed U. llb.U.lllA were used. 

Hypothyrcldl11m was lnduc"d by glvlng the rats water conta!nlng 0,03'1. 

6-n-propyl 2-th!ouracll far 40-50 days t24 1 251. Hypothyroldlsm was 

a11sessed by decreased welght galn, dryness of ~he. fur and lo•• !"velo 

of trllodothyronlne [251, Bilateral adrenalectomy wali performed by a 

dorsal approachi adrenale.ctomlzed anlrnals were glven 0.95'1. NaCl to 

dr!nk and were used 5-B days after surgery t26l. 

Hepatocytes were lsolated by the me~hod of Berry and Friend [291. 

Hepatecytes were lncubated In Kr•bs-Rlnger blcarbonate buff•r und•r en 

atmosph•r• of 95% Oa 5% COa 1 pH 7,4, Cells were lncubated wlthout any 

ag•nt or •llth maxlmally effectiv• c:onc•ntrat!ons of PMA 110-"Ml 1 

va11epre1isln OO-"Ml, anglot.nsln 11 110-•Ml er •Pinephrlne' 110-"M 

10-•M propranololl fer 15 minutes te Induce d•sensltlzatlen. After 

thili pralncubatien, the cel lti w•r• cantrlfuged and wnh•d twlc• with 

Kr•bs-Ringer bicarbenate buffer, 

C•lls w•re r•susp•nd•d and th• •ffect of hermanes test•d 160 

mlnut•s ef lncubatlenl, In some axpirrlments buffer 1·1ithout calclum i<as 

UHd •1hich rafers te Kr•bs-Rln9er blcarbonate buffer te whlc:h no 

calclurn chloride was added and was supplamented ·1·1ith 25 µM EGTA. In 

ali lh• experlmenls in whlch eplnephrine Wali used 10-•M propranolol 
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was lncluded to bloc~ !ts beta-adrener9!c acti'Jlty. Prop'i>nolol by 

llHlf did not aHected lhe parameters sludled. Fer the stud)• el 

ureagene&is the mediurn.\•las &Upplemented \'dth lo mH glutarnine and Z ml'I 

ornllh!ne •. Urea wa.s quanlif !ed In cel I supernata.l'ts by the method cf 

Gµtman and Der9meyer [301. Fer the study of phosphatidyllnosltol 

labelln9, the cells were lncubatltd In lh• preHnce of 10 ~ C!lml 

f .. PlPI far 60 minutes. C•l I 1 !plds '"""· extracled with 

chloroformlm•thanol <2:1l and phaspholiplds sepa.rated by one-d!mensic11 

lh!n-layer chromalo9raphy [31l. Radicact!vity "ªs counted In &!!lea. 

g•I acraplngs cf ea.ch phosphcllp!d. 

• 

' 



RESULTS 

experiments presented in Fi9. 1, liver cells were preincubaled far 15 

min with the indicaled agents <nene, PMA, vasopressin, angiolensin Il 

or •plnephrlne + propranololl In buffer wlthout calclum. The cells 

wer• then wa•h•d and incubated also in buffer wlthout calclum. It can 

be observed that lhe cells that were preincubated without any agent 

responded In a dose-dependent.fashlon to eplnephrine propranolol 

lncr•a•ln9 the &ynthesls of urea <Fi9. 1, panel Al. However, cel Is 

prelncubated wllh PMA, vasopressln, an9iotensln II ar eplnephrlne + 

;>ropranolol became refractory ta the actlon of· eplnephrlne 

· propranolol <Flg. 11 panel Al. Such refractoriness to the alpha.­

adrenerglc sllmulatlon was not dueto a general damage of lhe cells 

sine• th••¡ ••me cells cl•arly rHponded to lO-"M 9luca9on (Fl9. 1, 

pan•I Bl. 

~ Qf. ~~m. In these experlments the cells were prelncubated 

as lndlcat•d above bul were washed and lncubated In buffer cantalnln9 

calclum chlorld•, Under thne candltlona, the concentration-res'ponse 

curv•• far •pin•phrlne of celf• prelncubated In the absence Df ag•nts, 

P"A•. vaaopr•••ln and anglotensln II were nearly ldentlcal IFl9, 2, 

pan•I Al~ How•ver, the concentratlon-response curve to epl~•phrlne of 

c•ll• pr•lncubated wlth the adrener9ic agonlst was shlfted ta. the 

rlght· and rather flat <Ft9. 2, panel Al: the .response ta 9luca9on af 

th••• c•ll• waa also aamehaw dlmlnlsh•d <Flg. 2, pan•l Bl, 

e 



.aQ.:¡e.n.s:.e .cf .c.a.lJ:..i!.IID· Cells were preincubated ir1 buffer- cct;tzdrd11·:, 

ce.lcium in order to define H a depletion cf calcium duríng the­

pretncubation could be responsible of•the blunted response to elphai­

adrenergic stimulatton. After the p,..eincubation the cells were washed 

and incubated in bu.ffer ~·•ithout ca.lcium and containing 25 µN EGl'l\, 

Under t he se cond i ti ons, the response to epi nephr i ne + propr anclo 1 ~ras 

marl:edly reduced in ce 11 s pt'e i ncubated w i th FMA, 

a.ngiotensin II ar epinephr-inE- a.s campa.red t.o the cells prei11c1.~bated 

w!thcut any cf these agents !Fig. 3, panel Al, The .effect cf gluco.gon 

en these cells Is presentad in Flg. 3 1 panel B. 

Some experlments .-1ere performed in the following way: cells .-1ere 

pr•-lncubated In buffer wlthout calcium wlth cr \>li thout the 

d•Hn•ltlzlng agent !vasopresslnl, washed and lncubated In buffer 

ccntalnlng calclum far 1!5 mln to al lcw re-uptake cf any calclurn lcst 

and th•n washed and lncubated In buffer wlthout calclum. Und•t' these 

condltlons pr~tr•atment wlth vasopres•ln, markedly dlmlnlshed the 

•H•cl of alpha.-adr•n•rglc stlmulatlcn <data not shownl, 

Dl Eb1a¡¡llil.1.d;i1.l.il1C.1i.U..Q.l WllC~.fiJ:· lt Is gen<>r·al ly accept&d that 

phospholno&ltlde turncver Is lnvolv•d In the mechanlsm cf acllon of 

alpha,-adren•rglc amines [22 1 32 1 33l. We studled th• labellng of 

ph!"sphatldyllnosltol wlth c••PlPI as an lndex of phospholnosltlde 

turnover. 1l was cb&erved that prelncubatlon and incuballcn In tt.e 

absence IFlg, 4l or pr·esencc <Flg. ~l of calclum resulted in id•nlical 

r••ponse& l.e. pr•lncubatlcn of th• cells wlth PMA, vascpr•ssin ar 

angioten&ln Il dld nct affect lhe stlmulaticn of phcsphatldylinosltol 

lab•llng induc•d by 1!plnephrlne1 hcwever, cells pre-lncubated with 

9 



epln•phrlntt prHenhd a dlmlni•h•d respcne• ta alpha,·adr•n•rgic 

activaticn as campared ta th• central cell• IFigs, 4 and 5), Th• 

•ff•ct cf vaaapressln en phosphatldyllncsltcl lab•ling Is pres•nted 

far comparlson IFlgs. 4 and 5, panel• Bl. 

i:.1t.1. In thH• atudl•• th• c•lls wor• pr•lncubat.d, H&Sh1td and 

lncubated In· buff9r containlng calclum, H H•• obHrv•d that In c•ll• 

from adrenal•ctomlz•d rats, prelncubatlan wlth P"A, vasopr•••ln and 

anglot•n•ln 11 dld nat modify substantially th• concentratlcn-r1tspan•• 

curve to epln•phrln• + prcpranolol a• compared to cell pr•lncubat•d 

Hlthout any of th••• ag•nt• lFlg. 6, pan•l Al, Only the r•apcnae ta 

epln•phrin• w•• slgnlflcantly d•cr••••d in cella pr•incubated Hlth 

thl• adrenerglc a11ln• lflg •. 6• panel Al, 

On th• cantrary, In cella fro11 hypcthyrcld rats <Flg. 'l pre­

lncubatlon wlth P"A• vaacpresaln or angiot•n•ln 11 cl.arly dimlnlshed 

and Hlth epln•phrln• n•arly aball•h•d th• •ffect of alph••·•drenergic 

stl•ulatlon IFig. ,l, Th• •ff•ct cf J0-7 M glucagan I• pr•••nt•d fer 

comparlson <Fl9. '• panel' lll. 
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DlSCUSSION 

The findin~ that activatio~ o~ protein ~inase e by phcrbol estcrs 

bloc~s lhe alpha1-adrenergic responsiveness in liver cells [11-18J has 

severa! implications. One of the most obvious i~ its physiclo3ical 

signiffcance [see lhe ccmMent in S4l: protein kinase e seems to be 

involved in the ac:tion of agents that act through phosphoinosílidl.? 

turnover and calcium si?nalling [19-22l such as alpha1·adrenergic 

agents, vasopressin and angiotenstn II. In our previous publlcation 

[23] we repcrted that vasopressin and angiot.ensin II block il'l a 

cancentration-dependent ~ashion lhQ alpha1-adrenergic action (calc:ium­

lndependent pathwayl. These dala clearly lndlcate that physlclc9ical 

stimult can induce the refractoriness ·lar desensitization) towards 

alpha1-adrenergic agonists. Hcwever 1 these sludíes. were performed with 

tente activation of protein kinase e 11.e. continucus presente of th~ 

a.gonist:.s'>. 

Removal of these acttvators of protein kinase e evldonced b10 

t:¡pes cf responses. In cells !frcm ncrrnal anlmalsl lncubated In th~ 

pl"esence of calctum or tn ce-1 Is -from adrenalectcrniz•d rats ·the 

respcnstveness to alpha1-adrener9ic agonists was reccv&red. On the 

contrary, in c&lls <from normal rats> incubated in th• absence o( 

calclum cr In cells frcm hypcthyrcld rats the alpha1-adrener9lc 

responsiveness was not recover•d durlng the incubatton. 

Actlvatlcn cf prcteln klnage e b>' phcrbcl esters in cells !frcm 

centre! animalsl lncubat~d in U.e preHnce cf calclum cr In cells frc1.1 

adrennlectcmized anlmals b!cckp the alpha,-adrenergic actlcns [11-ICl. 

We have no evidence that under theu ccndlti"ns, vascprnsin cr 

engiotensln II "culd alsc blc~k the alpha1-adrener9lc actian tthe 

p~lnt Is untestable rneasurln9 phcsphcincsltide turnover cr metabcllc 

11 



parem9t~rs Eince the vasopressor peplides have effects by them!elve5)¡ 

~owever 1 it seems reason~ble to assume that it occurs so. The data 

usin9 cells C.from normal ardma.le> incubated with calcium and \'lith 

cells from adrenalectornized rats indicate that tha process of 

desensilizatlon Is readl !y reversible and euggest that the 

phosphorylated alpha,-adrenergtc' receptor C18l is rapidly resensitized 

posslbly through the action o1 one of severa! ver y activ~ 

phcsphatases. The underlying ccilJular mechanism of the action of thE­

aclivatcrs of protein kinase e on the alpha1-adrenoceptor is far fram 

clear. We C15l and cthers C16l have been unable te detect any change 

In the affinlty lar agonists or antagonists oT alpha 1 -adrencceptcrD in 

rnernbrar1es obte.tned frorn livers treated l'lith phonbol esters as compared 

to .the control s. Lynch '¡¡_i,. i.ll Cl6l observed that phorbol esters ·induce 

a 30-40% decreane in the nurnber of alpha.1.-adrenoceptors a1"1d we t15l 

observed a decrease in affinity for agonists in whole cells Cbut not 

in mHbranes>, It Is posslble that the reactlvation p1•ocess could have 

made the changes less apparent, It Is also pcsslble that severa! 

cellular processes may ccnlrlbute to produce the effect (receptor 

phosphorylatlon, change In afflnlty, lnt•rnalizatlon and recycllng, 

etc,l. Evldence fer thls has been oblained In studles on the 

tran•ferrlng r•c•ptor C35J: lt has been ob1erved t~at phcrbcl •st•r• 

Induce rec•ptor phosphorylatlon and lnt•rnallzatlon and that r•mcval 

cf lhe phorbol eEter lead lhe receptor le cycl• back lo th• plasma 

m•mbrane C35J, How g•n•ral thl• observatlcn I• and lts relatlcnshlp 

wllh Hhat we observe for the alpha,-adrenerglc action r•mains lo be 

d•l•rmln•d. 

C•l 1• frcm normal rats lncubated In lhe absence of calclum and 

12 



cells f~om hypothyroid rats remained d~sensitiz~d towards alplla1-

adrenergic agontsts far lo~ger time. The reason fer thts difference is 

u"nclear. We have suggested thal ir'1 hepatccytes the alpha1-adrenergic 

action involves h10 pathways: a> one of them calcium-dependent and 

madulated by thyrald status C!.e. absont In cells fram hypothyraid 

a"nimals but predominant in ce-lls from adrenalectcmized ratsl; this 

pathway seerns te reGensitt2e rap1dl¡i and bl another palhway calcium­

lndependent and madulatod by glucacortlcolds et.e. absent In cells 

fro~ adrenalectcmized but predohlinanl in. cells from hypothyroid rals>; 

this path\'1ay seems to recover more slo1tJ!y. The present dala are 

conststent, allhaugh do nol preve, our hypothesis, The possibilit1 

that Such desensltlzatlon could be secondary to deplet!on of calclum 

was ccnsidered. However severa! facts argue againsl this posstbility: 

al de&ensltlzation of this calcium-lndependent pathway in cells from 

normal anlrnals was observed even ~hen the preincubation 1·1a.s perícrrnect 

in medium containing calcium¡ b> when the cells were preincubaled \'1!th 

the desensltlzing agent Cvasopressinl .in lhe absence of calclum a 

Hcond pre-incubation with calcluro Cand without vasopreesinl did not 

r•stor• th• calcium-independent pathway; el the experiments with cells 

fram hypothyrcld animals were performed In buffer containlng calclum 

at ali llm••I di phorbal eaters do nol SH"1 to Induce calclum 

mobllizatlan C16 1 17J. 

Ít Is cl••r from aur experlments that preincubatlon with 

•pln•phrlne Induces a desensitizatlon that i• pr•sent under ali 

candltlans. Th•S• data suggest that alphaa-adrenerglc agonlsts may 1 in 

.addltlan to induc• refractorlness through proteln kina1e e activation, 

Induce further d•sensitlzatlon secondary to receptor occupancy ana 

actlvatlon, StudiH are in progrees to •lucid.ate the mechanism/sl 

13 



lnvclved. 

It is clear that much research ts requtre':I to reach a better 

und•rstandl ng of the l lver al pha1-adrenergic pher1cmencn. We hope the 

preent data may ccntrlbute to lt and atlmulate further study, 
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Flg, 1. COtlCENTP.ATIDN-RESPONSE CURVES FOR THE EFrECT OF EPINEPHFHIC e;, 

UREAGENESIS IN HEF'ATOCYTES IllCUiiATED tIN TllC AtSEN;E OF Cl\LCIUl1> 

tl'ANEL A) AND EFFECTS DF GLUCAGON tPAtlEL Jl), H"patocyt<'s >1ert 

'pr•iricubated fer· 1'5 min in ths- absence o.f calclurn (plus 25 µH EGTA> 

"lth 10-"'1 vascpressln tVASO, a), 10-•M anglotensln II tANGIO, el, 10-

"11 P11A !6l, 10-•11 eplnephrlne plus 10-•M prop1•anolol tEPI, a) or 

buHer alone !COMTROL, Dl. After 15 mln th<' ce lis were washed t'lice to 

remov1t the ag11nts, and were lncubated fer 60 mln !al 1 In the absence 

of calclum plus ~5 µM EGTA> In the pre11enc11 of dlfferent concentra­

tlons of. eplnephrlne + 10-•11 propranolol tpanel Al ar wlthou.t agent 

topen bar>, 10-•11 11plnephrlne + 10-• propranolol tdotted bar> or 10-"11 

glucagon (da&h•d bar> tpanel B>, RHul ts are expressed H perc•nta9• 

af baeal ur•a synth1111s whlch Is glven abave the control bars !panel B 

open bar•> a• nmol•/rng c•l ls w•t welght. Plotted are the mea.ns and 

vertical lines r1tpr•Hrots th• S.E.M. of dupl !cate lncubatlons frorn 4-B 

c•ll pr1tparatlons. 

Flg. 2. CONCENTRATION-RESPONSE CURVES FOR THE EFFECT OF EPINEPHRINE ON 

UREAGENESIS IN CONTROL AND DESENSITIZED HEPATOCYTES Cl'ANEL Al AND 

EFFECTS OF GLUCAGON IPANEL Bl, Hepatocyt•s Mere prelncubated far 15 

111ln In ·•b••nc• of calclum plus 2!5 µ1'1 EGTA wlthaut COI ar wlth the 

d•Hnsltlzlng a9enta Cvasopr•••ln <•>, anglaten11in te>, P11A (6) ar 

epln•phrlne tOll. Aft•r 15 mln 1 the c11ll• w11r11 washed twlce to r•mov• 

thn11 age~ts, and ,,.,.,. lncubated far 60 1111n· In buff•r contalnlnc¡¡ 

chlarld• calclum and wlth dlff•r•nt concentratlon• of 9pin1tphri'n11 

propranolol lpan•I Al ar wlthout any agent lop11n bar) 

ar• expr••sed as percentage af basal urea synthesls. P 1 ot hd ar• the 
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.. 

m•ans and vertical lines repres&nt the S.E.H. of duplicate incubaticns 

frcm 4-8 c•ll pr•parations. Other indications as In Fig. 1 

Fig. 3" CONCENTRATION-REsrONSE CURVE FOR THE EFFECT OF EPINEPHRINE cm 

THE ABSENCE OF CALCIUMI ON UREAGENESIS IN HEPATOCYTES PREINCUBATED IN 

BUFFER CONTAINING CALCIUM. Hepatocytes """" preincubated fer 15 min rn 

buff•r containing calc!um w!thcut !01 or wtth the desensit!z!ng agents 

tvasoprHsin <•>, angiot•nsin II <•>, PMA !Al or epineph1'ine <c>l and 

th•n wash•d and incubated !in buffer wtthout calc!um) wtth diff•rent 

concentrations of epln•phrine + 10-•M prcpranolol !panel Al or withcut 

a91nts. (open ·bar•>, 10-•M •pin"phrin• + 10-•M propranolol !dotted 

barsl or 10-"M 9luca9on !dashed barsl !panel El. Oth&r indications as 

in Flg, 1. 

Flg, 4, CONCENTRATIONS-RESPONSE CURVES FOR THE EFFECT OF EPINEPHRINE 

!PANEL Al OR 10-"M VASOPRESSIN !PANEL BI ON THE LABELING OF" 

PHOSPHATIDY1..INOSITOL !Pil. H•patacytes tiere pr•lncubated far 15 mln in 

abHnc• af calclum plus 25 µ M EGTA w!thout !Ol or with th• 

d•••nsitlzlng ag•nts Cvasapressln <•>, angtatensin II <•l, PMA !Al or 

•pln1phrln1 <Dll. Aft•r 15 min th• cella w•r• washed twlce and then 

lncubahd 60 lftln In th• abs•nc• af calclu• plus 25 µM EOTA In th• 

dlff1tr&nt conc•ntratlon1 of epln•phriroe 

prapranalol !panel Al or 10-"l'I vasopr•asin <pan1l Bl, Plothd aro th• 

•••n• ~ S.E.M, af duplicate incubatlans fram thr•• c•ll pr•paratlons. 

R•sults ar• ••P•••••d •• percenta91 af th• basal lncarparaticn of 

t••l'JPI te PI, Mhlch was 75 i 9, a4 i 4, 100 1. 2, 87 i 7, 96 1. 6 

cp111/1119 c•ll w•t wt. In cells pr&incubat•d wlthcut any agent !Ol, 10-" 
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PMA !Al, I0-"11 vasoprustr1 l•I, 10-•11 an9iotensín !I t•l, 01·· 10-4 11 

epínephrill• olus I0-"11 propranclol tal, resp"'ctiv.:I>" 

Fí9. S. DOSE-RESl'ONZE CUl<VES 01" THE EFFECT OF EPIN!;'.P'll<ltJE !l'AliCL Al Oíl 

10-"11 VA~OF'REStIN (F'Ml~L lll ON THE LAEEL!NG or FflDSrHAT!DYL!NQC:.li'JL. 

tf'Il, H•patocytn viere preincub•.t•d for 1!5 11in In t~• ::\baH,:e of 

calc:!Um plus :15 ~11 EGTA wtth the agente. AH"r !5 min lh• cells WQre 

washed hoJic:e- and aro :l.ncubated !:O mif1 <tri b~tf.fer can•.etntn9 celc:ium 

chloride) in t.h• presenc:e of di fft'S-t~ent canc:entraticns of spin&¡::ihr H10 .,. 

10-•11 propranolol (p3n1>l Al or 10-•K vaaoprr.asln (pan•! bl. Flott;·d 

•r• th• m•ans .± s.E.11. o~ duplicat• lncubatlon• from thr•• cell 

pr•p•rations. R••ults are e~pr•ssed •• p•rcent•9• of lh& basal 

lncorporatlon of t••PJPi lntc Pt, whlch was 117 t 19, 123 t 121 125 t 

S, 133 .± 10, ISO + 30 c:'pm/mg cel 1 wet •1t. In cel I• pr•lncubat•d 

wltttout any ag•nt (01 1 10-"H PMA (61, 10-"H vasopr•••in 1•1, 10-•H 

anglct•nnln lt (el, or JO-.. H •Pl~•phrin• plu• 10-•H propranolol (Q¡, 

r•epectlv•ly. 

Flg. 6. CONCENTRATION··RESPONSE CURVE FOR THE EFFECT OF EPINEPHRINE 

(PLUS 10-•11 PROPRAMOLOLI ON UREAGENESIS IN HEPATOC't'TES OBTAltlEll FROFI 

AllRENALECTOl1!2Ell RATS. ff•patac)ltH cbtal n•d frotn edr•nel•ctoinl Hd 1·a~~ 

w•r• pr•lncubat•d fer 1!5 tnln In buff•r odthout (01 ar wlth the 

d•••n•ltltl~9 agenta Cvaeapr•••ln 1•1 1 an9loten•ln U (•I, Pl1A (61 uc 

•Pln•phrln• <al l an¿ . th•n HHh•d and lncubat~d wllh dllf•rent 

c:cnc•ntratlcna af •PlHpllrln• + 10-• pl"cpranolol <pan•I Al or wlthout 

•9•nt• (op•n beral, 10-•H •pin•phrln• + 10-•K propranclol ldott&d 

b•r•I ar 10-•11 glucegon ldnh•d baral lpan•I BI. Oth•~ lndlcellcnG •s 

In Ftg. 1. 
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Fl9. 7. CONCENTRATION-RESPONSE CURVE FOR THE EFFECT OF EPINEPHRINE 

!PLUS tO-•K PROPRANOLOL.1 ON UREAGENl:SIS IN HE:PATOCYTES 01\TAIMED FROH 

HVPOTHVRO!D RATS. H•patacytea abtaln•d fram hypoth~rald rats were 

pr•lncubat•d fer l!l mln In buffer "lthaut 101 ar wlth th• 

d•••n•ltlzlng •9•nta Cvaaapreaaln <•1, anglctenaln JJ 1e1, PHA !Al cr 

•pln•phrln• ID 11 and th•n w••h•d and lncubated wlth cl!Her•nt 

ccncentrattana af eplnephrln• + 10-• prapranalol !panel Al ar wlthaut 

ag•nts lcp•n baral, 10-•M •Pln•phrln• + 10-•H propranalol ldatted 

bar•I cr 10-"1'1 glucagan ldaah•d barsl !panel lll. Other lndlcatlan• •~ 

In Flg. 1. 
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