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ESTIJDIOS SOBRE REGULACION ALFA ADRENERGICA 

El sistema neuroendocrino participa en la coordinación de los procesos del 

metabolismo mediante la liberación de moléculas llamadas hormonas y/o neuro

transmisores (primeros mensajeros) las cuales provocan un conjunto de respues

tas en las "células blanco". Se ha observado que éstas moléculas (a excepción 

de las hol1llonas esteroideas y tiroideas) no requieren penetrar a la célula ya 

que su efecto lo ej creen "a distancia", por interacción con moléculas presentes 

en la membrana plasmática de las células blanco, que han recibido el nombre de 

receptores. Estos receptores transducen la señal honnonal, generándose una 

molécula (segundo mensajero) encargada de dar la señal intracelular que va a 

alterar el metabolismo a corto plazo (glucogenólisis, contracción, lipólisis, 

etc.) 1 • 

Los mecanismos de transducción involucrados en la respuesta a muchas ho1mo

nas permanecen indefinidos hasta el momento, sin embargo, se han desarrollado 

modelos que e:\."}Jlican los efectos mediados por estas hormonas en el metabolismo 

celular2•ª. En este caso se encuentran las aminas adrenérgicas. 

La distinción de dos patrones de respuesta (potencia de agonistas) para las 

aminas adrenérgicas en función de la respuesta fisiológica observada, condujo a 

Ahlquist' a proponer una nomenclatura que define a dos tipos de receptores; los 

dividió en receptores alfa (a) y beta (8) adrenérgicos. A partir de ese momento, 

se ha acLDnulado una gran cantidad de evidencia experimental que apoya su exis

tencia 1 • Posterionnente, Lands 5 propuso la subdivisión de los receptores 8 en 

81 y 82 en función de la potencia relativa de una serie de aminas simpatomimé

ticas en los siguientes parámetros: rnovili:ación de ácidos grasos libres del 

tejido adiposo, estirnulación cardíaca, broncodilatación y vasodepresión. Esta 



diferenciación empírica coincide con la propuesta por Ariens et al 6 donde los 

receptores 81 (noradrenérgicos) se encuentran en las tenninales sinápticas o en 

tejidos bajo inervación directa (tejido adiposo), mientras que los receptores 

82 se encuentran en tejidos bajo la acción de la epinefrina circulante. En otras 

palabras, los receptores 81 responden a moléculas tipo el neurotransmisor nor

epinefrina; mientras que los receptores 82 responden a moléculas tipo la honno

na epinefrina. Sin embargo, este punto de vista es aún controvertido. 

El efecto producido por la unión de una honnona a un receptor 8 adrenérgico 

está asociado a un aumento de la actividad enzimática de la adenilato ciclasa 

y por consiguiente a elevación de los niveles intracelulares de Al>lP cíclico 

(Al>IPc), molécula llamada comunmente segi.mdo mensajero, que se ha involucrado 

en una gran cantidad de efectos metabólicos 1•
7

• 

Se considera que la generación de AHPc como respuesta a la interacción de 

diferentes ligandos (glucagon, ACm, epinefrina, dopamina, histamina) con los 

receptores membrana1es es producto del mismo mecanismo de transducción en la 

bicapa lipídica que involucra un sistema fo1111ado esquematicamente de la siguien

te manera: el receptor que mira hacia la parte externa de la célula acoplado 

a una proteína que tme GfP y que mira hacia el citoplasma (para tener acceso al 

GfP) y que actúa de una manera activadora sobre la adenilato ciclasa, la cual 

sintetiza Ai\IPc a partir de Mg-ATP (fig. 1), además, también se ha involucrado 

la metilación de los fosfolípidos de la membrana (lo cual le daría una diferen

te fluidez) como un evento asociado a la activación 8 adrenérgica2
• Se ha consi

derado, sin embargo, que los 2 subtipos de receptores (8 1 y 82 ) sean verdaderos 

isorreceptores puesto que se tiene una sola señal intracelular (aumento de A!llPc) 



Fig. 1. 

Modelo·~ue representa los tipos de interacción entre los 

diferentes ligandos y los receptores membranales, así como 

el efecto que hay sobre la adenilato ciclasa a excepción 

del receptor a 1 cuya acción es a través de la movilización 

de calcio. 
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que parece provenir del mismo mecanismo de transducción. 

Por otra parte, Langer 8 revisa el concepto de que las terminales 

nerviosas simpáticas poseen a-adrenoceptores y los subdivide en 

receptores a adrenérgicos presinápticos y postsinápticos de acuerdo 

a localización y función en la terminal sináptica. En época mas 

reciente, Berthelson y Pettinger 9 presentan evidencia experimental 

que sugiere la subdivisión de los receptores a adrenérgicos en a1 

y a 2 de acuerdo a bases funcionales mas que morfológicas; a partir 

de esta clasificación se han realizado estudios que conducen a 

sostener la existencia de 2 subtipos de a-adrenoceptores tanto in 

vivo 10 , en tejidos aislados 11
•

12
, en células aisladas 3 y en membra

nas aisladas 13
• 

Sin embargo, estos a receptores no parecen ser isorreceptores 

puesto que involucran diferentes mecanismos de transducción 3
• Los 

receptores a 1 estin involucrados con la movilización de calcio y 

como evento primario a este efecto, se ha observado que hay un 

.recambio de fosfa'tidilinositol (PI) .. Mientras que los receptores 

a2 están asociados a la adenilato ciclasa de una manera inhibidora, 

.~ participando en este proceso una proteína que une GTP y que actfia 

como modulador negativo de la ciclasa haciendo que los niveles 

intracelulares de AMPc disminuyan 3 (fig. 1). 

El trabajo desarrollado aquí reporta dos investigaciones; una 

que estudia la repercusión que sobre el metabolismo lipídico ejerce 

el desacoplar los receptores a 2 adrenérgicos del adipocito en el 

animal íntegro y otra que caracteriza Jos receptores a 1 adrenérgi-



cos en músculo liso, E_sto_s trabajos representan dos enfoques 

diferentes tendientes a: conocer el "fenómeno adrenérgico". 

La metodologíá y1ps reactivos empleados en este trabajo se 

encuentran descritos en cada una de las partes experimentales. 

RESUMEN DE RESULTADOS REFERENCIA 14. 

Se tiene evidencia de· que las células adiposas de hamster tienen 

receptores a 2 adrenérgicos, los cuales están ligados a la adenilato 

ciclasa de una manera inhibidora 3
1
15

; por lo tanto, cuando se activan 

estos receptores, se observa una disminución en los niveles de AMPc 

y de la lipólisis. Al inocular a hamsters con vacuna pertussis se 

pierde la respuesta a la estimulación a2 medible por una elevada 

lipólisis junto con ausencia en la disminución de los niveles de 

AMPc intracelulares 16 • 

La administración intraperitoneal de una sola dosis de la vacuna 

pertussis a hamsters produce un severo hígado graso que se 

desarrolla a partir del segundo día de la inyección, observándose 

también, una marcada alteración en el metabolismo y movilización 

de lípidos (hiperlipemia y cetosis). Se encontró un incremento en 

la concentración de triacilgliceroles (TG) hepáticos y de ácidos 

grasos libres séricos (AGL) 2 días después de administrada la va

cuna (figs. 2 y 3 14 ) que se mantiene proporcional con respecto al 

tiempo hasta el cuarto día experimental. Estos resultados indican 

una mayor movilización de lípidos en tejido adiposo (lipólisis) y 

el consecuente aumento en la estcrificación de los AGL por el híga

do (fig. 2 1
"), así como su oxidación, medida como niveles circulan-
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tes de cuerpos cet6nicos (CC que comprenden el acetoacetato,AA y el 

S-hidroxibutirato, SOHB). Estos metabolitos elevan su concentración 

en sangre aproximadamente 1 orden de magnitud con respecto al con

trol un día después de la inoculación, y durante el transcurso del 

tratamiento alcanzan valores entre 30 y SO vrces el basal (fig. 5 14
). 

La esterificación de AGL por el hígado, es seguida por la libe

ración de los TG sintetizados que viajan hacia los depósitos para 

su almacenamiento. Al. cuantificar los valores de TG séricos en los 

animales inoculados con vacuna pertussis, se encontró un aumento 

significativo desde el tercer día del tratamiento y continuo hasta 

el final del experimento (fig. 4 14.). 

El curso temporal del efecto producido por la presencia de ~· 

~tussis se moni tore6 hasta el quinto día después de administrar 

la vacuna, sin embargo, la mortalidad de los animales en este tiem

po sobrepasó el 75\, por lo que los resultados presentados conside

ran el efecto encontrado hasta el cuarto día de tratamiento. 

Para comprobar que el fenómeno observado se debe a una molécula 

producida por la 'vacuna de ~· pertussis, se comparó la potencia del 

efecto probando diferentes lotes de la vacuna (Tabla 1). Como se 

observa, se mantiene la alteración de los metabolitos lipídicos en 

los animales tratados aunque hay diferencias en la magnitud del 

efecto. 

DI SCUSJON GENERAL DE LA REFERENCIA 14. 

Recientemente se ha aislado una proteína (PM=77,000) proveniente 

del medio de cultivo de Bordetella pertussis que produce una esti-



TABLA 1·comparaci6n del efecto producido por diferentes lotes de la 

vacuna pertussis sobre el metabolismo lipídico de hamsters. 

TG hepáticos TG séricos AA CC (30HB AGL séricos 

(mg/gr) (mg/dl) (nmol/ml) (µmol/dl) 

.Control 3,3:':0,58 94. 2:':14. 2 1o.8 6. 1 11 6± 11 
±0.87 :!:1.3 

Lote 29-090 53!15 997:':280 298 389 421 :!:z 
±79 ±103 

Lote 27-212 63! 1 o 237!118 193 294 1ü::36 
:': 61 ±106 

Lote 29-127 so. 5:!: 13 120!4 o 1 52 245 1 47:!:19 
:': 38 t65 

Los datos representan el promedio + S.E. de por lo menos 4 -

determinaciones. 



'mulaci6n de los islotes de ~arigerhans para liberar insulina, Esta 

respuesta se ve potenciada cuando se ponen diferentes secretagogos 

para insulina, manteniéndose el efecto por largos períodos 17 • Este 

fenómeno se presenta al usar Proteína Activadora de Insulina (IAP) 

purificada o vacuna de !· pertussis (ambas administradas en una sola 

dosis) in vivo, o IAP en células aisladas 18
1 19 • 

En estudios muy recientes, García-Sáinz 16 demostró que la admi

nistraci6n de la vacuna pertussis a hamsters produce una disminu

ción notable en la sensibilidad de los adipocitos a agentes a 2 adre

n6rgicos, adenosina y prostaglandinas, cuya acci6n esta mediada vía 

inhibici6n de la adenilato ciclasa 3 • En forma independiente y simul

tánea, Ui 19 administr6 IAP sobre miocitos cardiácos aislados y midi6 

su efecto sobre la regulaci6n en la acumulación de AMPc estimulada 

por diferentes agentes (epinefrina, glucagon, prostaglandinas y ade

nosina). Ambos autores concluyen que la IAP puede bloquear o modi

ficar el mecanismo de acoplamiento en la transferencia de la modula

ci6n negativa del receptor a 2 hacia la adenilato ciclasa. 

El empleo de Células aisladas para conocer la regulación metab6-

lica es muy fitil ya que los resultados obtenidos con estos modelos 

probablemente se pueden extrapolar al organismo íntegro. Esta situa

ci6n se presenta en este reporte puesto que se sabe que la lip6lisis 

in vivo está regulada vía la activaci6n del proceso a través de di

ferentes hormonas (efecto de catecolaminas, glucagon, ACTH, etc.), 

mientras que su inhibición está mediada por efecto a 2 adrenérgico, 

insulina, prostaglandinas, adenosina, etc .. 
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Al existii'.1;ln bloqueo o desacoplamiento-entre la ocupaci6n del 

receptor a 2 y l~ sefial que éste ·envía hacia la ciclasa, se tiene que 

la enzima no responde a la inhibici6n por los diferentes agentes y 

por lo tanto puede seguir sintetizando AMPc que es el encargado de 

activar la lip6lisis 1 • Por otra parte, el aumento de AGL (fig.3 14
) 

y glicerol (fig.3 16 ) provenientes de la lip6lisis son reutilizados 

por el hígado para reesterificarlos y formar TG (fig.2 14 ) que a su 

vez los libera a la circulación (fig.4 14
) para que se almacenen o 

para oxidarlos dando como producto cuerpos cet6nicos que también 

libera (fig.5 14 ) para que se puedan utilizar por otros tejidos. 

'; Estos 2 procesos se encontraron muy aumentados (aunque desfasados 

'' 

'' 

en tiempo) lo que indica que el tejido adiposo ha perdido el meca-

nismo de regulación de sus procesos metabólicos y constantemente 

está liberando AGL y glicerol que el hígado debe eliminar de la 

circulación. 

RESUMEN DE RESULTADOS REFERENCIA 20. 

El empleo de preparaciones in vitre ha sido ampliamente usado 

para tratar de di~cernir el efecto metabólico y el mecanismo de ac

ción de los diferentes moduladores de la homeostasis corporal (neu-

rotransmisores y hormonas) . Tal es el caso de las preparaciones 

vasculares con las cuales se desarrolló el segundo enfoque de éste 

trabajo, 

La determinaci6n de fosfato inorgánico (Pi) en los fosfolipidos 

de la membrana, en condiciones basales, muestra la proporci6n que 

de estas moléculas existe en el músculo liso (Tabla 120 
). La mayor 



incorporación de~2 ~Pi encontrada en los fosfolípidos, sigui6 el 

orden Fosfatidilcolina (PC)>Acido Fosfatídico (PA)/Fosfatidilinosi

tol (PI)>Fosfatidiletanolamina (PE), estos resultados semejan los 

" descritos para adipocitos por García-Sáinz & Fain 21
• 

¡ ¡_ 

Los resultados obtenidos en la fig.1 2º demuestran que hay un 

efecto dependiente de la dosis de epinefrina en la incorporación de 

r2 ~ Pi a fosfatidilinositol y a su precursor, el ácido fosfatídico, 

mientras que los otros fosfolipidos (PC y PE) no se ven afectados 

por la epinefrina. El aumento observado en el recambio de PI a la 

máxima concentración usada en este experimento (10- 5 M epinefrina) 

corresponde a 7 veces el valor del basal, mientras que, el ácido 

fosfatídico se incrementa 4 veces (fig.1 2º). 

Para caracterizar el tipo de receptor involucrado en la respues

ta descrita, se emplearon agentes con diferente selectividad y po

tencia, obteniéndose que la epinefrina y la metoxamina producen la 

misma cinética de incorporación de fosfato radiactivo a PI, siendo 

agonistas totales para este efecto. La estimulación inducida por 

norepinefrina sigue un patrón discretamente diferente pero también 

se comporta como agonista total (fig.2A 2 º). 

Al emplear fenilefrina como agente adrenérgico, se encontró que 

es un agonista parcial para el efecto descrito ya que no se alcanza 

el máximo de incorporación a PI obtenido con los ligandos anterio-

res. La clonidina, siendo un agonista preferencial a2, tiene un 

ligero efecto a concentraciones elevadas (10- 4 N) mientras que el 

B-HT 933 (agente agonista a2) no produce efecto a ninguna concen-



tracion (fig. zA 2º ). 
Posteriormente se exploró la inhibición del marcaje a PI (esti

mulado por epinefrina) al usar antagonistas a adrcnérgicos. Como se 

observa en la fig. 3A 2º la prazosina (antagonista a 1 altamente se

lectivo) inhibió la incorporación de fosfato radiactivo a PI, causa

da por 10-sM epinefrina, en forma dependiente de la dosis, alcanzan

do el valor basal a una concentración de 10- 5 M prazosina. Cuando se 

usó yohimbina (antagonista az) la inhibición fue menos potente, en

contrándose desplazada 3 órdenes de magnitud con respecto a prazo

sina y no se abate la estimulaci6n adrenérgica afin a la dosis de 

10- 3M yohimbina (fig. 3A 2 º). 

DISCUSION DE RESULTADOS REFERENCIA 20. 

El recambio de PI estimulado por catecolaminas se ha asociado a 

la activación de receptores a 13
• Los resultados presentados en la 

referencia 20 indican que el aumento en el recambio de PI mediado 

por epinefrina es consistente con el encontrado para otros tejidos 21
, 

y que este efecto es reproducido si se usan diferentes agonistas 

para los receptores a 1 (fig.1 2 º); a su vez, no se observa un incre

mento significativo con los agonistas a2 (clonidina y B-HT 933). 

Un dato curioso es el obtenido con metoxamina, pues se sabe que 

este agonista es muy débil cuando se emplean como modelos los hepa

tocitos22 o los adipocitos 21 lo que hace sugerir la presencia de 

isorreceptores a 1 en los diferentes tejidos. 

Cuando se emplean antagonistas para bloquear el aumento de mar

caje en PI causado por 10- 5M epinefrina, se observó la selectividad 
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y potencia de~ agenta utilizado (fig.3°). La prazosina que es un 

agente a 1 altamente selectivo 23 inhibe el efecto producido por la 

epinefrina de una manera dosis-dependiente, obteniéndose la inhibi

ci6n total a 10- 5 M prazosina; mientras que al usar yohimbina (agen

te antagonista a2) el desplazamiento de la curva es de 3 6rdenes 

de magnitud, sin alcanzar el nivel basal, aún a concentraci6n de 

10- 3M yohimbina (fig. 3A 2º ). Estos datos sugieren fuertemente que 

la incorporaci6n de fosfato radiactivo a PI está mediado a través 

de adrenoceptores a1 y que es un evento primario a la respuesta 

fisiol6gica final (ver correlaci6n con contracci6n en el trabajo). 

DISCUSION GENERAL. 

El efecto biol6gico que resulta de la interacci6n de moléculas 

liberadas por el sistema neuroend6crino con las células blanco, está 

mediado por la uni6n de mensajeros químicos con sus sitios de acci6n 

específicos (receptores) que pueden estar presentes en la membrana 

celular o en el citoplasma. El complejo hormona-receptor transmite 

informaci6n que induce la alteraci6n de la funci6n celular 1 • La 

interacci6n entre el mensajero y el receptor inicia la transducción 

de la señal recibida del exterior y posteriormente se tiene el efec

to intracelular. 

La presencia de 2 tipos de receptores a adrenérgicos propuesta 

por Langerª y Berthelson & Pettinger 9 en diferentes tejidos ha con

ducido a tratar de esclarecer el mecanismo de acci6n de cada recep

tor. Debido a que los receptores a1 actuan a través de un aumento 

en la movilizaci6n de calcio intracelular asociado a un recambio 



previo 0 de 0 PI y los~!'E!~eptdresc ttT lo hacen a través de la inhibición 

de la adenÜato clClas~3', sugiere que el mecanismo de acoplamiento 

entre el complejo hormona-receptor y el efecto intracelular son di

ferentes. 

Los datos presentados en este reporte, en el cual se utilizan 

2 modelos experimentales, demuestran que ambos tipos de receptores 

ex adrenérgicos desempeñan un papel muy importante en la regulación 

del metabolismo celular que puede tener repercusiones a nivel de 

organismo íntegro. 

La presencia de receptores cx 2 adrenérgicos en los adipocitos 

del hamster controlan la lipólisis, vía metabólica que al perder 

su regulación por desacoplamiento del receptor (cx2) y la adenilato 

ciclas a (evidenciado por la presencia de la vacuna pertussis 16
), 

constantemente está liberando AGL y glicerol al medio, con lo cual 

el metabolismo hepático se ve alterado y por lo tanto se generan 

situaciones anormales como el hígado graso, la cetosis y la hiper

lipemia. Incluso el organismo puede morir (como se observó en 14) 

después de un corto periódo de tratamiento. 

Por otra parte, la activación de los receptores cx1 adrenérgicos 

en el tejido vascular conduce al recambio de PI, movilización de 

calcio y debido a que este ión es un agente inotrópico, se obtiene 

la contracción muscular (tanto en músculo estriado 7 , como en múscu

lo liso~2~ ). Sin embargo, el esclarecimiento de la inducción con

tráctil por los agonistas no se ha establecido, ya que algunas 

drogas actuan despolarizando la membrana y permitiendo la entrada 
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de calcio extracelular y otras lo hacen en forma independiente del 

potencial de membrana y se sugiere la movilización de calcio a par

tir de los reservorios intracelulares (retículo endoplásmico y 

mitocondria) para inducir la contracci6n 2 ~ • 

Estos hechos presentan una gran correlación ~ntre la acci6n de 

los agentes adren€rgicos norepinefrina (neurotransmisor) y epine

frina (hormona) en la regulación de la contracción vascular~ . 

Sin embargo, los participantes del mecanismo de acoplamiento 

entre el complejo hormona-receptor y el efecto intracelular aún 

no se han definido claramente por lo que su identificación así corno 

el mecanismo por el cual interaccionan con el receptor y la señal 

intracelular son uno de los objetivos que se persiguen en la 

actualidad. 



REFERENGIAS; 

1.- Robison, G.A., R.W. Butcher and E.W. Sutherland: Cyclic AMP. 

Academic Press, 1971. 531 pags. 

2.- Berridge, M.J.: Receptors and Calcium Signalling. Trends in 

Pharmac. Sci. 1(15):419-424, 1980. 

3.- Fain, J.N. and J.A. Garcfa-Sáinz: Role of PI Turnover in a1 

and of Adenylate Cyclase Inhibition in az Effects of Catecho

lamines. Life Sci. 26:1183-1194, 1980. 

4.- Ahlquist,R.P. Am. J. Physiol. 153:586, 1948. 

5.- Lands, A.M., A. Arnold, J.P. McAuliff, F.P. Luduena and T.G. 

Brown: Differentiation of Receptor Systems Activated by 

Sympathomimetic Amines. Nature 214:597-598, 1967. 

6.- Ariens, E.J., A.J. Beld, J.F. Rodrigues de Miranda and A.M. 

Simrnons: The Pharrnacon-Receptor-Effector Concept (en The 

Receptors, Vol.1; Ed. R.D.O. O'Brien, Plenurn Press, 33-91,1980. 

7.- Larner,J.: Cyclic Nucleotide Metabolism. Current Concepts, 

Upjohn, Mich. 52 pags., 1975. 

8.- Langer, S.Z.: Presynaptic Regulation of Catecholamine Release. 

Biochem. Pharmac. 23: 1793-1800, 1974. 

9.- Berthelson, S. and W.A. Pettinger: A Functional Basis for 

Classification of a-Adrenergic Receptors. Life Sci. 21 :595-606, 

197 7. 

10.- Drew, G.M. and S.B. Khiting: Evidence for Two Distinct Types 

of Postsynaptic a-Adrenoceptor in Vascular Smooth Jlluscle in vivl!!. 

Br. J. Pharmac. 67: 207-215, 1979. 



11.- Barker, K.A., B. Harper·and I.E. Hughes: Possible Subdivisions 

Among a-Adrenoceptors in Various Isolated Tissues, 

J. Pharm. Pharmac. 29:129-134, 1977. 

12.- Wikberg, J.E.S.: The Pharmacological Classification of Adre

nergic a1 and a2 Receptors and Their Mechanism of Action. 

Acta Physiol. Scand. Supplementum 468, 1979. 

13.- Wood, C.L., C.D. Arnett, W.R. Clarke, B.S. Tsai and R.J. 

Lefkowitz: Subclassification of a-Adrenergic Receptors by 

Direct Binding Studies. Biochem. Pharmac. 28:1277-1282, 1979. 

14.- Villalobos-Nolina, R. and J. A. Garcfa-Sáinz: Effects of 

Pertussis Vaccine on the Lipid Netabolism of Hamsters. 

Life Sci. 29:1021··1026, 1981. 

15.- Garcia-Sáinz, J.A., B.B. Hoffman, S.Y. Li, R.J. Lefkowitz and 

J.N. Fain: Role of a1 Adrenoceptors in the Turnover of Phos

phatidylinositol and of a2 Adrenoceptors in the Regulation of 

Cyclic AMP Accumulation in Hamster Adipocytes. Life Sci. 

27:953-961, 1980. 

16.- Garcia-Sáinz, J.A.: Decreased Sensitivity to a 2 Adrenergic 

Amines, Adenosine and Prostaglandins in White Fat Cells from 

Hamsters Treated with Pertussis Vaccine. FEBS lett. 126(2): 

306-308, 1981. 

17.- Yajima, M., K. Hosota, Y. Kambayashi, T. Nakamura, I. Takahashi 

and N. Ui: Biological Properties of Islets-Activating Protein 

(IAP) Purified from the Culture Medium of Bordetella pertussis. 

J. Biochem. 83:305-312, 1978. 



18. - ~a_t~4a, __ I·c-~T1c!1~.c~lJi1 _ _:_IsAet~Activating Protein: Enhanced 

InsuÜn Sécret:icín and- Gyclic AMP Accumulation in Pancreatic 

Islets. Due to Activation of Na ti ve Calcium Ionophores. 

J. Biol. Chem. 254(2):469-479, 1979. 

19.- Hazeki, O. and M. Ui: Modification by Islet-Activating Protein 

of Receptor Mcdiated Regulation of Cyclic AMP Accumulation in 

Isolated Rat Heart Cells. J. Biol, Chem. 256(6):2856-2862, 1981. 

20,- Villalobos-Molina, R., M. Uc, E. Hong and J.A. Garcfa-Sáinz: 

Correlation Between Phosphatidylinositol Labeling and Contraction in 

Rabbit Aorta: Effect of a1 Adrenergic Activation. 

Enviado a J. Pharrnacol. Exp. Ther. 

21,- García-Sáinz~ J.A. and J.N. Fain: Effect of Insulin, Catecho-

lamines and Calcium Ions on Phospholipid Metabolism in Isolated 

White Fat-Cells. Biochem. J. 186:781-789, 1980 

22.- Aggerbeck, M., G. Guellaen and J. Hanoune: Adrenergic Receptor 

of the a-Subtype Mediates the Activation of The Glycogen 

Phosphorylase in Normal Rat Livers. Biochem. Pharmac. 29:643-

645, 1980. 

23.- Cambridge,D., M.J. Davey and R. Massingham: Prazosin, a Selec

tive Antagonist of Postsynaptic a-Adrenoceptors. Br. J. Pharmac. 

59:514P-51SP, 1977. 

24.-Brading, A.F.: How Do Drugs Initiate Contraction in Smooth 

Muscles? Trends in Pharmac. Sci. 2(10):261-265, 1981. 



r 
1:. 

Life Sciences, .. Vol._ 29, _PI'• _ 1_0_2!-1026 _ 
Printed in the_ U-. S :A.. -

Pergamon Press 

EFFECTS OF PERTIJSSIS VACCINE ON THE LIPID METABOLISM OF HAflSTERS 

Rafael Villalobos-Holinaª and J. Adolfo Garcla-Sainzb* 

ªDepartamento de Bioquimica, Facultad de Medicina and bDcpartarnento 
de Bioenergética, Centro de Investigaciones en Fisiologia Celular; 
tmiversidad Nacional Autónoma de México. Apartado Postal 70-600; 

México 20, D.F .. , México 

(Received in final fonn June 29, 1981) 

Administration of pertussis vaccine to hamsters markedly affected 
their lipid melabolism. Four days after the administration of the 
vaccine a severe fatty liver was observad. Concomitantly, a rise in 
the serum levels of free fatty acids, triacylglycerols and ketone 
bodies was detected. It is suggested that an altered regulation of 
adipose tissue lipolytüs might be at least partially responsible for 
the observed effects. 

lt has recently been shown that administration of pertussis vaccine to 
hamst~rs markedly decreases the sensitivity of their fat cells to antilipolytic 
agents such as alpha

2 
adrenergic amines, adenosine and prostaglandins which act 

through receptora coupled to fat cell adenylate cyclase in an inhibitory 
fashian (1). It was suggested that vaccine administration might alter a common 
intermediate ar coupling mechanism far the transfer af inhibitary infar~atian 
from receptare to adenylate cyclase ( 1). The prcsent study was undertaken in 
an effort to determine the metabolic consequences in the whole animal of the 
al tered regulatian oí adipase tissue lipolysis produced by the vaccine. The 
rosults show that pertussis vaccine administration to hamsters increases the 
blood level af. free fatty acids, ketone bodies and triacylglycerols. Further
more it induces a severe fatty liver. 

Materials and Methods 

Pertussis vaccine (strain 509, lot 29-090) was obtained fram the National 
Institute of Hygiene (Secretarla de Salubridad y Asistencia, México). Beta
hydroxybutyrate dehydrogenase, coenzymes and 1-nitroso-2-naphtol were obtained 
from Sigma Chemical Ca. Other chemicals used were analytical reagents of the 
bcst quality available. 

Male golden hamsters (75-100 g) were maintained with Purina lab chow and 
water ad libitum. Pertussis vaccine was administered intraperitoneally in a 
singledose (0.1-0.2 ml). Animals were sacrificcd by decapitation and 
cxsanguinated. Hepatic and serum triacylglycerols were determined by the 
method of Gottfricd and Rosenberg (2). Serum free fatty acids were quantified 
according to Novak ( 3). Blood ketone bodies were determined enzymatically 
(4 ,5). 

* To whom all correspondence should be addressed. 

0024-3205 / 81/101021-06$02. ºº'º 
Copyright (e) 1981 Pergamon Press Ltd. 



1022 Pertussis Vaccine and Lipid Metabolism Vol. 29 1 No. 10, Í981 

It was observed that 3-4 days after the administration of pertussis vaccine 
to hamstera 1 the livers prosented marked color changes similar to those pro
duced by agents that induce f atty liver 1 such as ethanol 1 cycloheximide, 
ethionine or carbon tetrachloride (6-8). Consistent with this observation a 
dose-depcndent and time-dependent accurrrulation of triacylglycerols in the liver 
was produced by the vaccine (Figs. 1 and 2). The maximal accumulation was 
obtained at a dese of 1O11 cells/hamster (Fig. 1). Higher doses did not 
further increase the accumulation or

1
p-iacylglycerols but were associated with 

a very high mortality. A dese of 10 cells/hamster was used in all the 
following studies. It is noteworthy that the onset of fatty liver was very 
slow, taking at lcast two days to produce a significant accumulation of 
triacylglycerols in the liver (Fig. 2). Five days after treatment with the 
vaccine most of the hamsters died (G0-75\) and the survivors usually had lower 
values of triacylglycerols in the liver than those observed four days after 
treatment (data not shown). 
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FIG. 1. 
Dese-response curve for the effect of pertussis vaccine on the 
amount of triacylclycerols (TG) in the liver. Hamsters were 
injected with different amounts of bacteria 3 days befare sacri
fica. Resulta are the moans and vertical lines re¡)resent the 
s:E.M. of at least 5 hamsters. 

In arder to gain further information about the actions of the vaccine on lipid 
metabolism and to get sorne insight on the mechanism of induction of fatty liver, 
the levels of free fatty acids, triacylglycerols and ketone bodies in the bloÓd 
were quantified (Figs. 3-5). The serum leve! of free fatty acids was signifi
cantly increased 2-4 days after treatment (2-4 fold increases) (Fig. 3). Serurn 
triacylglycerols were also significantly increascd after 3 and 4 days (approx. 
10-fold increase on the 4th day) (Fig. 4). Kctone bodies aleo markedly 
incrcaae in the blood in response to pertussis vaccine administration. One day 
after treatment blood ketone bodies had risen about 5-fold and a 40-fold 
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FIG.2. 
Time-course of the effect of pertussis vaccine on the accumulation 
of triacylglycerols (TG) in the liver. The animals were injected 
with the vaccine ata dose of 1011 bacteria/hamster. Resulta are 
the meaos and vertical linea reprcsent the s .E .H. of at least 4 
hamsters. 
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FJG.3. 
Time-course of the effect of pertussis vaccine on the serum leve! 
of free fatty acids (FFA). Indications as in Fig. 2. 
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increase was detectad 4 days after treatment (Fig. 5). The beta-hyd.roxybutyrate 
acetoacetate ratio was only slightly increased (from O. 7 to about 1) which 
suggests that the vaccine did not modify significantly the hepatic mitochondrial 
redox state (Fig .. 5). 
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FIG.4. 
Time-courae of the effect of pertussis vaccine on the serum level 
of triacylglycerols (TG). Indications as in Fig. 2. 
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FIG.5. 
Timc-course of the effect of pcrtussis vaccine on the blood level of 
ketone bodies in hamsters. Deta-hydroxybutyrate (Trianglee, broken 
line), acetoacetate (circles, solid line). Other indications as in 
Fig. 2. 

Discussion 

It was previouely found that the administration of pertuseis vaccine to 
hamstcrs decreases tlle sensitivity of their fat cella to antilipolytic agents 
that inhibit adenylate cyclase (1). Jt was also found that ba9al lipolysis was 
higher in fat cella from treated hamsters than in the controla which suggests 
that there is a dccreased sensitivity to endogenous regulator(s) of lipolyeis 
(1) e .!!'.!. ~ivo, lipolysis is regulated through a balance between activators 
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(catecholarnines (beta-adrenergic action), glucagon, ACTH, etc .. ) and inhibitors 
(catocholamines (alpha2 ad.renergic action), adenosino, free fatty aé:ids, 
prostaglandins, ketone boches, etc .. ).. It is possible that the altered scnsitiv
ity to antilipolytic agcnts produced by the vaccine in fat cells (1) may signi
ficantly con tribute in the pathogencsis of thc al terations he re reported .. 

The uptake of f atty acids by the l i ver is directly proportional to the 
concentration to which it is cxposed (9).. Fatty acids taken up by the liver 
can be csterified or oxidized. Ketone bodics reflect the oxidation of fatty 
acids by the liver (10). The oversupply of free fatty acids, reflected by the 
serum leve! (Fig. 3) might be at least partially r(>sponsible far the ketosis 
(Fig. 5; incroased oxidation), hypert.riacylglycerolcmia and fatty liver 
(Figs. 4, 1 and 2 respectivcly; increased esterification in both cases}. The 
high levels of triacylglycerols in the serum argue against any role of dcfec
t.ive secretion of lhis type of hpid by the hepatocyte in the genesis of fatty 
liver by the vaccine. The leve! of tr1acylglycerols in the blood results from a 
balance between production, mainly by the livor, and utilization, mainly by 
adipose tissue and muscle. Thus, the possibility that a decrcase in the utili
zat1on of triacylglycerols might contributc to the hypertriacylglycerolemia can 
not be ruled out. 

The timc-course of the effects indicate that the first parameter affected 
is the leve! of ketone bodics in blood. A significant increase was detected as 
soon as 24 hours after treatment. At this time the serum leve! of free fatty 
ac1ds was not significantly modified. A 4-fold increase in the leve} of free 
fatty acids is associatcd with a 40-fold increase in the serum leve! af ketone 
bodies. It is possible that a small undctected iucrease in the serum leve! of 
free fatty acids might be responsible far the rise in ketone boches observed 
the first day after treatmcnt. However, thc possibility that the vaccine 
could have a direct action on hepat1c J.::etogenesis, in addition to its actian on 
the supply of fatty acids, can not be ruled out. 

A modorate fatty liver was observed 2 days aftcr treatment without any 
increase in the serum level af triacylglycerols. llypertriacylglycerolemia was 
only observed under cand1t1ans of severe fatty liver. This has also been 
observed in ethanol induced fatty liver and it has been suggosted that a 
hepatic threshold may cxist for the production of hyperlipemia by ethanol (6). 

I t has been observed that in mi ce, pertussis vaccino administration 
decreases the response of adipose tissue ta beta adrcmergic stimulation ( 11). 
Furthermare, it has been suggested that sorne actions of pertussis vaccine may 
be due to beta adrcnergic blockade ( 11, 12). Our results are different and can 
nat be explained by a beta adrenergic blockade. lt is possible that the effects 
are produced by different componcnts of the vaccine. The difference in species 
might also be important. We are using a higher done of vaccine than Keller and 
Fishel (11). The action oí epinephrine on adipose tissue 11polysis resulta 
fram the balance bctwcen beta adrenerg1c sensitivity (activation of adenylate 
cyclase) and alpha2 adrenergic sen si ti vi ty ( inhibi tion of adenylate cyclase) 
(13}. Spec1es difforcnce with rcspect to alpha2 adrenergic sensitivity of 
adipocytcs has bcen observed ( 13). OU1er signif icant differences betwcen our 
renults and those of Keller and Fishel ( 11) is that our effects on adipose 
tissue are of slow onset and lhéy a.re not lost during the fat coll isolation 
procedure (compare 1 and 1 1 ) • 

Pertussis vaccine 16 nat a purified preparation. It is a suspensian of 
died bacteria which ohviously conta1ns multiple molecular components. Sumi 
and lJi (14) initially reported that the administration of pertussis vaccine to 
rats abolishes the ability of alpha aclrenergic agonists to decrease blaod 
insulin. lJ1 and coworkers have been able to purify a protein (Islet-Activating
Pratein) from the culture mcd1um of Bordetella pertussis which is able to 
mimick the effects of the vaccine in vivo and in isolated pancreatic islets 
(15-17). Two characteristics are (;;~to the effects of pertussis vaccine 
on lipid metc1bolism in the hu.mster and the action of the lslet Activating 
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Protein on rat pancreatic isleta: hyposensitivity to agents that decrease 
cyclic A.MP levels and a slow onset of action. Experiments are in progresa 
to purify the molecule(s) responsible fer these effects of the vaccine. 
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DEC.REASEDSENSITIVITY TO a:2 ADRENERGIC AMINES. ADENOSINE AND 
PROSTAGÜNDINS IN WHITE FAT CELLS FROi\I HAMSTERS TREATED WITH 

PERTUSSIS VACCINE 

J. Adolfo GARCÍA·S..\JNZ 
Dcpaftaí11e11to de Biocncrgética, Ccmro de Jm•cJ1igacio11cs en Fisiolvg{a Cdular. Unfrcrsidad Nacional Au1imo111a de .\léxico, 

A parlado Postal 70.600, México 20, DF, México 

Rcccivcd 4 ~larch 1981 

l. Introduction 

Thc rclcase of insulin from pancrcatic islcts is 
inhibitcd by o·adrencrgic activation and is incrcascd 
by stimulation of JJ·adrcnoccptors [ l ]. a· A dreno· 
ccptors have becn dividcd into 2 subtypcs. a1 anda,, 
by thcir affinitics for agonists and :mtagonists [2] and 
thcir undcrlying mcchanism of signa! transduction 
[3]. The O·adrenoccptor involvcd in thc regulation of 
plasma insulin leve! is of thc a, subtype [4]. a,. Ad reno· 
ceptors are linked in an inhibitory fashion to adcnyJ. 
ate cyclase [3,5,6]. 

Thc dccreasc in blood insulin leve! duc to a.ad reno· 
ccptor activation is cffcctively \llocked by perlussis 
vaccination in rats [7]. This effcct of thc vaccinc 
sccms to be due to a protcin produccd by BorJctclla 
pertussis [ 8,9]. Hamstcr adipocytes have a,·adrcncrgic 
reccptors linkcd in an inhibitory fashion to adcnylatc 
cyclasc ¡3,5]. Activation of thesc rcceptors decreases 
basal and stimulatcd cyclic AMI' lcve!s and lipolysis 
[3,5,JO]. TI1e possibility that administration of per· 
tussis vaccinc to hamstcrs may alter thc sensitivity of 
tl1cir adipocytcs to o2·adrcnergic amines was studied. 
lhe rcsults show that administration of pertussis 
vaccine to hamstcrs markcdly dccreases thc scnsitivity 
.,f their adipocytes to cr:·catecholamines. Further· 
more, it was found t11at such dccrease in scnsiti\'ity is 
not exclusive toa,.adrencrgic amines but it is common 
to othcr agcnts such as adenosinc and prostaglandins. 

2. Matcrials mtd mcthods 

Epincphrine, isoprotcrenol, thcophyllinc and pros· 
taglarnlin E2 (PGE,) were obtaincd from Sigma Chem· 
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ical Co. N6{L·2·phenyl·isopropyl)·adenosine (PIA), 
adenosine dcaminase, glycerokinase, glycerophosphate 
dehydrogcnase and NAD' werc obtained from 
llochringer·Mannheim. Collagenase from C/astridi11111 
/Jisrulyticum (Jot 40CJ90) and bovine scrum albumin 
(fraction V) (lot U!3707) wcre obtained from 
Worthinh1on and Armour Pharmaccutical Ca., respec· 
tivcly. Clonidinc was a gcncrous gift of llochringcr· 
Jngelheim. Pcrtussis vaccine (strain 509, Jot 29·090) 
was obtained from the National Jnstitute of llygiene 
(Secretar in de Salubridad y Asistencia, México). 

Goldcn hamsters wcrc fed ad libitum. Pcrtussis 
vaccine was injccted intrapcritoneally (-10 11 organ. 
isms). Animals wcre used 3-9 day aftcr a single injec· 
tion. White adipocytcs wcre isolated and incubated as 
in [5,JO]. Cyclic AMI' accumulation and glyccrol 
rc!case wcre dctermincd as in [5,10]. 

3. Rcsults 

TI1e Jcvcl of cyclic AMI' in the abscnce ofhormones 
was slightly highcr in adipocytes from pertussis·trcated 
hamsters than in control adipocytes (42 ± 10 com· 
pared to 29 ± 2 pmol/l 06 cells, rcspectivcly: means ± 

SEM of 6 detenninations in duplica te in each case). 
Jsoprotercnol, apure ¡3-adrenergic agonist, produced a 
dose·dcpcndent increasc in the lcvcl of cyclic AMP 
(fig.l ). The ma.ximal accumulation of the cyclic 
nucleotide was not affccted in adipocytes from per. 
tussis·treated hamsters. llowcvcr. a dccreased accu· 
mulation oí cyclic AMI' in response to thc lowcst 
dose of isoprotercnol used ( J 0-1 M) was obscrved in 
fat cells from pertussis·scnsitized harnstcrs (fig.J). 
Epinephrine, an a-~·adrencrgic agonist, produced a 

Elsei·icr/North-Jlolland Biomcdica/ Prcss 
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Fig.J. Dosc-rcsponsc cur\'cs for thc cffccts of isoprotcrenol 
ar cpincphrinc on thc accumulation of cyclic AMP in adi
pocytcs from hamstcrs. Fat cells {1-2 X IOs) werc incubatcd 
far J(J min in 1 mi Krcbs-Ringcr phosph~1te buffer containing 
3i;;. albumin,0.5 µg adcnosinc dcaminasc, 100 µM thcophylline 
and diffcrcnt conccntrations of citlu:r isoprotcrcnol or cpi
ncphrinc. (•) Adipocylcs from control hamstcrs; (•) adi
pocytcs frnm hamstcrs trcatcd with pi:rtussis v:.icdnc. Rcsults 
are !he mcano; and vcrtiC<J.l lincs rcprcscnt thc SE~! of 6 cxpt 
pt•rformcd in duplicatc. Rcsuhs are plottcd on a lup scalc. 

dose-dependent accumulationpf cyclic AMI' in con· 
trol adipocytcs (fig.l). Howcver, the maximal accu· 
mulation was much smaller than thal due to isopro· 
terenol (-10-fold increase compared to -1 SO·fold 
increase, rcspcctively). This is dueto inhibition oi 
adenylate cyclase by activation of cr,-adrcnoceptors 
[3,5,6]. In adipocytes from pertussis-treated hamstcrs 
!he accumulation of cyclic AMI' dueto epincphrinc 
was nmch higher, rcaching levels similar to !hose 
obtained with isoproterenol (fig. l ). The data suggest 
that in adipocytes from hamstcrs treatcd with penussis 
vaccine, thcrc is a dccrcascd nr::idrcnergic scnsitivity. 

To further test this point, the ability of thc Cl¡· 

adrcnergic agonist, clonidine, to dccrease the leve! of 
cyclic AMP dueto isoprotcrenol was assayed. Thc 
sensitivity to clonidine was significantly dccreascd in 
adipocytes from treated animals (fig.~). In ordcr to 

determine if the action of pcnussis vaccine was cxclu· 
sively on o:,.adrenoceptors. the ability of other agcnts. 
which inhibil adcnylate cyclasc, to decreasc the lcvcls 
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Fig.2. Dose-responsc curves for the effccts of clonidinc.N'· 
(2-phcnyl·isopropyl) udcnosinc (PIA) and prnstaglandin E, 
(PGE 2 ) on the accumulation of cyclic AMP duc to isopro· 
tcrcnoJ in adipocytes from harnstcrs. fat ceJis (1-2 X 10 1

) 

werc incubatcd for 10 min in l mi Krcbs-Ringcr phosphate 
buffer containing 37': albumin, 0.5 µg adcnosinc dcaminasc, 
l 00 µM thcophy!Unc, 1 O µM isoprntcrenol and diffcrcnt con
ccntrations of donídine, PIA or PGE,. (•) Adipocytcs from 
control ham5tt!rs; (•) adipocytcs from hamstcrs ueatcd with 
pcnu!.sis \'accinc. Rc~ults are thc mcans and vertical lincs 
rcprcscnt thc SEM oí 6 C:\Jll pcrformcd in duplica te. Results 
are ploncd on a log scalc. 

of cyclic A~lP duc to isoprotcrcnol was testcd. PIA 
and PGE, dccreased the accumulation of cyclic AMI' 
duc to ~·adrenergic stimulation to a much lesser extent 
in adipocytes from treated hamsters than in control 
adipocytcs (flg.2). 

Basal lipolysis (in the absence of adenosine deam· 
inase and thcophyllinc) was highcr in adipocytes from 
treated h:unsters than in the control adipocytes (0.80± 
0.02 and 0.33 ± 0.01 µmol glyccrol/l 06 cells in 60 
min incub:.ition, rcspcc1ively: rcsuhs :uc thc mcans ± 
SEM of 4 cxpt in cach case). Howevcr, lipolysis duc 
to adenosinc deaminasc plus thcophylline was only 
slightly higher in adipocytcs from treated hamstcrs 
than in control fat cells (flg.3). This suggests that in 
fat cclls from treated hamsters the scnsitivity to 
endogenously rele:ised adcnosine was significantly 
ret!uccd. Howevcr, thc possibility that the sensitivity 
to anothcr cndogenous rcgulator(s) may also be 
dccrcased can not be ruled out.1l1e ability of clonidine, 
PIA and PGE 2 to inhibit lipolysis duc to adcnosine 
dcaminase plus theophylline was also significan!ly 
rcduccd in pcrtussis-sensitizcd hamstcrs. (fig.3). 
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Fig.3. Dosc-rcsponsc curves for thc cffccts of donidínc, 
N'-(2-phcnyl-isopmpyl) adcno5inc IPIA) and prost;if!landin 
E1 (PGE 1 ) on lipolysis duc to adcnosinc di:aminaSl' and thco
phyllinc. Fat cclls (1-2 X 10 5) \\Crt! incubatcd for 60 min in 
l mi Krcbs·Rinpcr phosphate buffer containin~ 31,~ aJbumin, 
0.5 µg adcnosinc dcaminasc, 100 µ\1 thcuphyllinc and diffcr
cnt conccntratíons of clonidinc, PIA or PGE 2 . (•) 1\dipo~ytcs 

from c01:itrol hamstcrs; ("} atlipocytcs from hamstcrs trt:a1cd 
with pcrlllssis vaccinc. Re:. uh~ arl' lhc mcans am1 vertical 
lincs rcprcscnt thc SEM of 8 c'.:pt. 

4. Discussion 

Adminislration oí pcrtussis\·accine to hamstcrs 
produced a,marked decreasc in thc 'cnsitivity of their 
adipocytes to o:,-adrener¡üc amines, PIA and !'GE, as 
reílected by both cyclic AMI' lcvels and lipolysis. o:,. 
Adrcnergic amines, PIA, and PGE, slmc thc propcrty 
oíinhibiting adenylate cyclasc through receptor-mcdi
ated proccsscs. lnhibition oí adcnylate cyclase by 
hormones and neurotransmitters secms to in vol ve at 
least 3 molecular cntities: the catalytic subunit oí 
adcnylatc cyclasc; thc receptor; anda guaninc nuclco
tide binding protein [ 11.12]. Calcium <loes not sccm 
to be involvcd in inhibition oí adenylate cyclase by 
thcsc agents. 

lt is unlikcly that trcatmcnt with pcnussis vaccine 
may decrease thc ]cvcl oí reccptors for o:,-adrcncrgic 
amines, adenosinc ::ind prostaglandins. 1l1creforc. it is 
possiblc that thc action oí pcn ussis vaccinc rnay occur 
at the leve! of the coupling bctwcen thc receptor and 
the cyclase. 

TI1cse data are cousistent with the data in [ 7 -9 J 
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where pertussis sensilization or administration of the 
purified 'islet-activating protein' abolished the ability 
oí O'.·adrenergic agents and somatostatin to inhibit 
glucose-induced insulin release, cyclic AMP accumula· 
tion and 45 Ca2+ uptake by pancreatic islets from rats. 
lt was concluded that thc action oíthc 'islct-activating 
protein' is thc result oí sustained activation of native 
calcium ionophorcs prescnt on the ccll mcmbranc'¡8]. 
Thc prcsent fin<lings suggcst a comp1cmcntary or 
alternative explanation: 

lt is possiblc that thc 'islct-activating protein', 
present in the vaccine, may block the transíer of 
inhibitory information frum the receptor to aden· 
ylate cyclasc. 

Calcium and cyclic A~IP are known to play impor
tan! roles as a link in the stimulus-sccretion coupling 
in the pancreatic ~·cell [13). Changos in thc leve! of 
cyclic A~!P may explain the altered calcium fluxes 
and insulin secretion due to epincphrine in islets from 
rats trcatcd with thc 'islet-activating protcin'. 
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Vil lalobos-Molina, Rafael, Mima lle, Enrique !-long· ancÍ J; .Adolfo García-Sáinz: 

Correlation Bct1·:cen Phosphatidyli11o~i tól Lahel~ng_a;114sontrachon in Rabbit 

Aorta: Effect of a 1 1\drcncrgic A,ctivation • 

. ~.ctiv;;ticn of r::ihbit <iOrtic strips id th a ;;unmer¡;jc a~onists incrc2:~C'd tlle 

1<,br:ling(vith[?:' P]Pí) of phosphatidylínositol(PI) and phosphatidk a~id and 

contracted the Yascular prcparations in dosc-related fa;;hfons. Epin<:phrine, 

bch;l\'ed as partial agonist and B-Hf 933 \1«'.!S akc•st 1'.'itJ;out activi ty in thc 

two e:\11erimental moclel~ u..~ed. Phenylephrine 11·as a full agonist in con<:raction 

but failed to elkit the naxir.ial increase :in PI labeling. The EC~0 '.s to 

produce contraction of aortic strips ,,·ere lohcr for all ~!¿:onists t.}i:'iJJ thcse 

requ)red to increase t11e incorporatjon of raCjoactive phosphate into PI, but 

thc:re h·as a good correlation b\:n:een thc:- th·o sets of data. The incrc:<.sed PI 

laheiir!g, and contraction of aortic strips induced by epinsplirine 11·ere 

?.nta~oni:ed by 11:ra:osin and yohinbine in oose-re)at.ed fashfons hut the first 

o. bloder 1·:as about thrce orclers of magnitucle more potent th.;n the sC'cond in 

the ::i .. o effects. The prcsent results imJfrate tJ13t roth stinn . .:1"-:-~on of PI 

lah:'l ing and contracUon, are JTJediated tJ-,rcn1gh activation of n1 aclrenocopcors 

in rnbHt aorta. 
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Activ~tion 6f ho~mone receptors that'contr61 intracellular 

responses by incrcasing the-concentrationof ionized calcium in the 

cytosol produces the so~-called phosphatidylinositol (Pl)-effect 

(J.!ichell and Kirk, 198Í). This PI response is charactcrized by an 

initial breakdo~n-of,this phbspholipid Eollo~ed by a compensatory 

increase in tl1e rate o:f its synthesis(!,íiche11 and Kirk, 1981). 

Interestingl)', in mo.st tissues the intracel lular responses (such as 

glycogenolysis, exocytosis or contraction) are calcium depen<lent 

and mimic!;ed by calcium ionopho~es but the PI-effect is not, 

suggesting that the turnover of PI rnight be involved in the calcium 

signalling process. 

Alpha(D) adrenoceptors have been divided in Di and u2 adrenergic 

subtypes(Berthelson and Peitinger,1977; Fain and Garcla-Sfiinz,1980). 

Ho~cver these. adrenoceptors do not seem to be isoreceptors since 

tliey involve different mecl1anism of signal transduction(Fain and 

GaTcía~S&in:,1980). Alpha2 adrenoceptors are linked in an inhibitor)' 

f~shion to adenylate cyclase whereas DJ a<lrenoceptors are not linked 

to the c}·c]ase but involved in PI turnoYc·r and calcium mobili::ation. 

.4lpha adrenergi e arri~os contr8ct rai1l1i t aorta in a dose-d!:>pendent 

;;;¡;_nner and stimuJate PI turnon:r(Lipetina et .'!l.· 1976). llo1·:ever the 

efffct of adren~r~jc agon5sts on PJ tu~nover, the type of Q 

2~renoceptor involved and its correlation ~ith contraction has 

received littlc nttention. 



ME'rnODS 

Rabbits of ei~her sex(New.ZealMd st:z:ai~)~weighbJg between 1.5 and 3 kg 

11erc nsed. TI1e animals 11ere sacrific:'.~d byablowon the head and the thoracic 

;iorta(from aortic arch to diápfüágm) i~·ás excised rapidly and inunediately 

plac<:-d in coJd buffer, cleaned and frced of strrrounding connective tissue. 
' \ 

? 'e~:::~2"nt of[ ;
2 

PJ_ Pi in5=0T¡1orat_i_:i~~.'.'..~º-l:'~~".!_i~l_!ti_~~. 
Aortic rings of 2. 5 i:nn idde and Keighfog approxirnately 1 O mg 1·:cre incuhated 

in plastic tubes containing 1 ml of Krebs-Ri.nger tris buffer(pH 7. 4 at :)7ºC) 

of the folloKing composition: NaCI,120 m\!; J\Cl,4.75 nt.l; !'lgS0,,1.2 ;Ti!; C?.Cl2, 

1.2 nt·l; tris,S l1':1 contaiJ1ing 10 µCi/ml of[32 P)Pi. Rings \\ere incu~13ted for 

1 i hr n.nd lipids l·:ere extracted with 6 ml of chlorophorm/methanoJ. 'D1e single 

¡ .¡ phase S)'Stem o):itained 1.-as separated by the addhion of 4 ml 100 rr:'.-!Jl:PO,. -

'Die cholcphonn layer 1·:as evaporated in a Yacuwn centrHuge to <lryr,ess. 

Phospholipids l"ere se;1arated by one-clii:iens:ion t.J .c. on glass pl?.tes coated 
1 ' 

id.th siJica gel H(G?.rcfa-Sá:in: and Fain, 1~~80). Lipitls Fél"e icc"ntified by 

using 1;;-\'apour staining, the phosphorus content of phospholip:iili: l'.'ilS 

detE·rn1i.ned by the micrmnodHication of the procedure of Bartlett(l959) a{ter 

acid h:··drolysis of silica gel scrapin¡:s containing each individual 

;:•:ics;·,:"·J1 ip:id. Inc'orporation of radioactive ':ihosp}1ate into each 1•'103p110} :ipid 
[;í 

h'ilS 1:.c2sured in silica gel scrapin¡:s ;;ckled to a Jiquid scimiJlatiélfl Duid 

¡, cach ¡-,])0spllolipid. Each experiment 1·;as r0¡-.cat0d ;it J cast tlJTee tiF·2s on 

Contr:-Jct j on 

}~"'licoi::laJ aortic strips 1-.·ere prc-¡iarcd as describcd by Furch~ott r;nd 



solution, 1·!a11ned át 37°C and bubbl~d 1~Úh a mixture of 95\ 02 and si C02. 

Contraction 1~as assessed by means of an isometric Fl' 03 Grass forcc

displacement transducer co!Ulected to a 7P Grass polygraph. A rcsting tension 

r"' of 4 g was applied repeatediy until ~trips rcmajned without rel<1x:ition w1der 

¡,; 

I • 

·' 

- ~ 
such resting tension. Then, responses to epinephrine(S. 5 x 10 ' I!) "·ere 

obtained erery 20 r.iin until maximal reactivi t)' i·:as o~sc·ned (i:s;.:~l1y 2 hours). 

In one type of e:>.'J'erments, accu;nu~ated <lose-response curves 1.2re olltained 

1dth one of the a adrenergic agonists used(due to the high concentrntions 

used, some strips did not recover full reactivity, ?.S :!t hnd r•C'en ¡:;redotL~ly 

described for epinephrine by Pardo et al, 1967). In the other type of 

e::q1erii:H:>nts, responses to epinephrine(l0- 7M) i~ere ohtained every 20 min 

hefore and five minutes after contact of preparations liith incn-r,s:ing 

'concentratfons of prazosin or yol1imbiJJe. Ch?_r;il,ers \\ere i .. ·ashed four t:L-01cs 

after obtention of each response. Each drug concentration 1:as ;¡C.,;;in:istered 

in a 0.1 i'lJ vo]U';ie. F:esults from dose-ri:sponse curn· to <•r0nists it:re 

e:i-;iressed in r.rans in order to sho1i differences in :intrinsk act:ivity, while 

tiw effect of the o.-blockers in tenns. of :rercent of com:rol re::ponses. Each 

e:>.11crin0nt has repl :i cated sb: times and the data are expressec as tlie rr:ean ± 

S.E. 

:cc·~'iri]:.i;ie-1-lCl were obtained fro:r. Si~a 0-iem:ical Co.; r;iethox<imine-HCl, 

c1on:idi.nc:-HC1, E-J-ff ~133 and pra:osin ,,·ere g.::nerous ¿ifts from Bunoughs 

1;·:e1Jcome Co., P.ot:J-ioin[er In~elf,eir: :-md ffj :er resp-:cth'ely; L32 PJ Pi ?..s 
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RESULTS 

Incorporation of.é2 P] Pi. into aorta· phospholipids 

As shmm in table 1, a substantial inco11ioration of[32 P] Pi into rnajor 

phospholipids was obtained within 1 hr of incubation. The phosphoJipid 

ccr,1position of rr-ibhit aorta 1·:as similar to that rc:ported by b¡i,,tina -~.a.! 

(1S!76) for cat <H.Jrtil ;;.nd r.:.-ser:ihles that of ot1wr tissucs:(1Jfrte, 19i3). 

T'hosphaticlylcholfoe and phosphatidylC'thanola;nine contrihute about f.S', of the 

total ph0sphate content. Inco11•oration of radio11ctiYe phosphate 1;as J~llin1y 

in to pl:osphati dy1cl1ol ine fo1lm1C'd by p~1osr•J¡at idi e a cid and plmsphat i dylino.5i tol 

(table .1). The incoi1)oration into phosphatidylethanolarnine 11·as n;1;• 1ittle 

as compared to other phc•spholipids. These results are siJTiilar to those reported 

in adipocytes:(Carcfa-Sáinz and Fain, 1980). No c)earcut cJ1;in¡;e in the amount of 

m;y p!1c·s¡;J1olipid 1:as proc1uced by <-JJ)' of the ;ig<>nts c-mployed on,r the 1 hr 

incuba ti on peri 0d !!sed in the present studj es. 

--~~fe~~_c:i!__::P!_l~~¡:hr~~e-~~ ~~e- ü1c:_:irpor~tio~ -~~~;-~~i- _i~!~t_:i_p~os1:l1o~!pj~~ 
I<nephrine produced an bcré':'!sed iJK011iorati on of [" J~ Pi into pl1csphD] ipi c1s • • L _, 

(fir !). 111e effec:t of the r..mine 1·:as exc]tL~h'ely on the J¡;beJing of PJ ?_T"Jd its 

H precursor phosphatiafr acid and it 1,·as dose-dcopendent (fir;. l). 

_L, signific:;mt(t11·0-foJd) incrcase in th0 Jabelinr, of PJ ¡,·c.s o:':'sé·n'ed ata 

conccntrutjon as j en .. · a~ 3x1 o· i~·L Tne t~f fect j ncr('~sed J j n::.<írly 1\·i th t!1e do.se 

up to l(t-SJ·!(ro:.ighly 7-fold}, higl1er conrnn::ratiC•:-1' r!id nc•t incrc;~se furtl'10r 

the effec:t(fig.1) .. 4 .oimilar p;ittern ¡.,·c.s o"sr:=rved ÍOT the hheling of 

(2-4 fo]cl inCTC'2S2S, [jg.1). 

Efiect o:~ ii:il"~·;-,é,rric at:e>nists on ~.he fr1c0rn~.ration of Ddicacti\'e ph'.:·srl1ate 
----------·--- -~----------··~-- --·-· -- -··-------

into PJ and contraction 

71::· efic:ct o: tJjfferént o· aG.r,·n'=:rgic agonists on PI JaheJ:'ing h3.S tcst~d 2nd 
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were full agonists whereas phenylcp!1rine_al1d=c_lonidine were partial agonists 

for this cffect. The selective a2 adrenergic agonist B-lff 933 was withotit 

cffect on this parameter. 

Alpha adrenergic agonists i:ontracted rabbi 1: aorta in a dosc-depcndent fashion · 

(.fig. 2). 'The rnaximal responses elidted by epinephrine, norepinephrine, 

I'"' r.•=t1icx;i;1ine ;;nd pl1f:'nylepririne 1;ere of large rng11itude(3.9-4.3 g), indicating 

i 

l ~ 

, •.. J 

1 \ 

,., 

a co;~:plete agonist effoct. On thc centrar-y, clonidine produccd a ~nuch ~rn;iller 

effect and B-HT 933 cl kited a ma.xir.Jal cont_raction of only J .0 g at the 

hi¡;hest conctntratfon •~ested (10- 4M). 

A correlation beti·:een the effects of adrenergic _agents on PI labeJing and 

aorta contractfon seems to exist(.fig.2). 

Ef~c·ct ~_::_ad1:i:!1ergi~11tagonists on epinep~ririe-mediated PJ labeling and 

The effoct of epinephrine on PI labeling 1·:as antagoni::ed by prazosli1(a highly 

se](·ctive Cl¡ antagonist) or yohiir1bine(an Clz antagonist). The resu1ts are 

- r.. 
presr:ntc>d in fi&'llre 3. Prazosin inhihi ts the PI resp;•nsr: causc>d by l O ·M 

epin<·phrine in a dose-dependent fasl1ion, the total inhibj tion of the fffect 

''ªs observed wi th l o-\J prazosin and the IC 50 obtained for this drug 1;¡¡_s 

-7 
1.0 x JO "M. Yollimbirie 1;a..~ much Jess potent in an~¡¡goni::fog erineph:rim• action 

( ,. ~) ·rt.. IC ' ,__. '-. (1 O 10- 4,,. . - " ' . • • r1g .. ,j . JJJe 50 ror you1m11111e . x JI;; 1s .)-oraers 01 magnJ tuae gJE.'aLer 

than foat o1,tained for prn:osin. [i!1dt:r the cowli :ions l1sced l1e:re, no tot::il 

inhibition 1,·as rcached 1dth yohir.Jbine up to 10-·\1. The ;:;elective i11hihition 

(up to 10-~{1 1:;,re hithout effect or, the b:saJ ls.heling of plJ~s31holipids(data 

not ::h:i:·:n). 



'l11e contraction of aorta produced by 10- 7H epincphrine was antagonizcd by 

J:.oth a ádr-en-eigiC bfod(ers, prazosin and yohimbine(fig.3), Ho\\'ever, the first 

was much more potent thanthe second; thus, the ICso for prazosin Has 1.6 x 

10-9i-111·hereas that for yohirnbine h'a.5 1.8 x 10- 6M. 

'11ie sti11ulation of PI labeling produced by 1 o- 4}: i.;cthoxamine or 1O- 5M 

norepineplirine ¡;ere co;::pl etely ióolished by 1 O-\: pra:o.;::fo and L'r:l~· rart .i anr 

inhibited by 10-4M )'ohimhine(data not sho1m). The sn:aJl effect of cJo¡¡idine 

¡;as inhibi.ted by 10-6i.: prazosin i\hereas yohimbine up to 10-S¡_l had no effect 

(data not shown). 
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DISCUSSION. 

PI tumover is stimulated Ey adrénergi.c .'1áoni·sts j:n ¡¡¡any tissues ¡¡nd tTüs 

effoct is generaUy mediated thro.ugh ttJ ad1:enoceptors(Fain nnd Gílrcía~S¡1¡;1z, 
. . 

1980), I~'lpetina et ?JJ1976) ha ve previously reported tlmt Q adrcncrg ic 

stir:r.ili se>lc•ctivelr en:!iance PJ Jabeling in isolatc·d c:it aC>rta. The stimuJation 

1·:hose final actions on target tissucs <ffe mc·diat0d by a rise in intrace1lular 

ca++ conce:ntration 1 ike ya.sopressin(\'1 receptor), angiotensin, l1istai11,jne(fü 

recep~or)and rr.any other agents(J.lichell and Kirk,1981). The effect of 

catecholamines on vascular srnooth muscle contraction h<!s heen established 

long tiioie ago(Furchgott, 1955). Hwever, more recently an incrcased research 

on the chanicterization of the effectors involved in this response has been 

focused(A1tura and Altura, l 9i0; Sheys and Gree.n, J 972; :'\Hum m1d Altura, 1977; 

Ruffolo et .&. 1979; Ruffolo ~.! al, 1981). The present re.sults indicate that 

through oi ,gc;renoceptors. 5i.miJE<Tly, it has hE·en o:O.sionr·d that \'iisvprcssin 

stinniJutes Pl labeJing ;rnd contraction in rat aort:i(TalJ1ar and J;irJ:,J9SJ; 

AJtura arid AHura, 1977) through actfratfon. of receptor of the Vl subtype. Clur 

cata a;id tlwse of TalJ12r :ind J:irJ;(19Sl) suggest a role· of caJciurr: s}gna]]ing 

ir: aorta comraction indu:ed by y2sopn:s.sin anc1 c'f•i.ncp!Jrine. In c0ur e.xperir:ents 

relation to t.he d0sc-rcsp'..lnse cune for the fina] J>l;ysi0logical event 

(contrnction), this }1as hcen o:"st:YTed in lil'.lSt l2ssuc.> th~t exhibit a PJ 

It is also note:·:!1orty that :rhenyleplirine is a pétrtial agc.nist for the PI 

res;1:ins.r: l:11t-rc;-ls :it :is a .full agonist for conl.rr:ict.5on(fig. 2). Ti1is relat:ionship 
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has also b_c_eJL~bsc!:xed iT1-other ___ tissues .such as the liver, where the 

PI response wa.s-compared with phosphorylase activation as final event 

(Tolbert~t ~i.~1~ao)_ a11d st_1ggests that the PI response might be 

"clos.er" fó"- the ;e~~ration 'o/;~í~'e sccond mcssenger tlrnn the other 

effect. In c)t~fr words, a 1~i~lrn~l amount of "signal" might be rcquired 

to prod~c~ i:h~~aii1na~iina1rci.Sponse. Therefore, an agonist hhich 

r.iay actívate a n;i~i-1na1-prop.ol'tion of the receptors could behan as a 

full agonist for the~finar effect. Similar relationships have been 

observed for agent's_:w.hich act through the adc·nylate cyclase system. 

Recently, lfikbergC1979) has revised the a adrenergi e effects on 

smooth musé:1e(n~mei)r vascular ana intestinal) from ª phys101ogica1 

point df view and concluded that it is possible that two factors 

(calcium and cyclic AfW) might be involved in the response. Wikherg 

suggested that a1 adrenoceptors could act through calcium whereas 

ei2 acfrenoceptors exert their action by decre>asing cyclic A.\JP levels. 

Similarly, Fain and Garcfa-S§inz(1980) have suggested that a 1 

adrenoceptors are not linked to adenylate cyclase but mediate those 

effects of catecholarnines which involve PI turnover and calcium 

~icnallinf Khtreas a2 adrenoceptors are linked to adenylate cyclase 

in an inhibitory fashion. This obviously suggest that a 1 and a2 

adrenoceptors are not isoreceptors since they do not h2ve the snme 

syste~ of siznaJ tran~duction. This has been clearly shoKn in two 

s;·ster~s: adipocytes (Gárcía-%in: ~__! a _ _l, l 9SO;Burns ~~_al, 1981) and 

hepatocytes(ToU-.ert ~ 9-_1_,19&0;Jard .i:.! .<!_:[,,1981). 

In trie present studi es, rnE,tho,:an:} ne Fas a potent and complete ;;gonist 

in both effects studied(PI response and contraction). Although those 

fi~dings are in cc~plete agreeTuent with the uell knoKn pharrnacological 

properties of ~ethoxamine, it should be rnentioned that rrethoxarnine 



is a very wcak agonist in fat cells(García-S5inz and Fain,1980) and 

liver cclls(Aggerbeck et ~,1980). Thc reason far this significant 

di f fer ene e is at pres en t unknown, bu t suggcs ts thc pass ibil i ty tha t 

~ true subtypcs of a 1 adrcncrgic rcccptors might cxist in diffcrcnt 

;¡¡ 

tissucs. 
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TABLE 1. Incor~oration .ºf r2 ~Pi into phospholipids of rabbit aorta. 

Phosphatidylethanolamine 

Phosphatidylcholine 

Phosphatidylinositol 

Phosphatidic Acid 

Pi content 

o of total) 

26.4 + 2.0 -
39.5 + 2. 2 -
1 4. 7 + l. s -
20.5 "!: 2.0 

~2 P]Pi incorporation 

e· • of to ta 1) 

5.6 + 0.6 -
40. 1 :!' l. 4 

26.8 ~ l. o 

2 7. 9 + 1.3 

Total phospholipid phosphorus was 1.20 ! O.OS µg; total incorporation 

was 3539 ! 270 cpm/10 me aorta wet weight. The results are expressed 

és means + S.E. for thirty different determinations. 
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Fig_ur~ J .. Ef"fect. of epincphrine on t)ie lal:leÜng of phospholipids. 

Plotted are t11e means and vertical lines represent the S.E. 

PE= Phosphatidylethanolamine 

PC= Phosphatidylcholine 

PI= Phosphatidylinositol 

PA= Phosphatidic Acid 

Basal values for incorp~ration are shoKn in Table 1. 

Figure 2. Effect of o adrenergic agonists on the Jabeling of 

phosphatidylinositol and on contraction. Rasal incorporation of 

label into Pl was 930 cpm/10 mg aorta wet weight. Plotted are the 

means and vertical lines represent the S.E. 

Figure 3. Effect of prazosin and yoh.i.mbine on epinephrine-induced 

phospatidylinositol labeling and contraction. Epinephrine was 

present at a concentration of 10-SM in the Jabeling experiments and 

1 o- 7M 11'11en contrae ti on 1rns sturli ed. Control la bel ing refers to the 

amount of label incorporated into PJ in the absence of drugs and 



was ·930 cpm/10 mg aorta wet weight. Control contraction refers to 
' -7 . 

the tension produced by 10 M epinephrine in the absence of adrene~gic 

antagonists and was 2.3 g. Plotted are the means and vertical lines 

represent S.E. 
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