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ESTUDIOS SOBRE REGULACION ALFA ADRENERGICA

El sistema neuroendocrino participa en la coordinaci6n de los procesos del
metabolismo mediante la liberaci6n de moléculas llamadas hormonas y/o neuro-
transmisores (primeros mensajeros) las cuales provocan un conjunto de respues-
tas en las "c&lulas blanco". Se ha observado que éstas moléculas (a excepcitn
de las hormonas esteroideas y tiroideas) no requieren penetrar a la célula ya
que su efecto lo ejefcen "a distancia', por interaccién con moléculas presentes
en la membrana plasmitica de las células blanco, que han recibido el nombre de
receptores. EStos receptores transducen la seftal hormonal, generdndose una
molécula (segundo mensajero) encargada de dar la sefial intracelular que va a
alterar el metabolismo a corto plazo (glucogen6lisis, contraccidn, lip6lisis,
etc.)?.

Los mecanismos de transduccifn involucrados en la respuesta a muchas homio-
nas permanecen indefinidos hasta el momento, sin embargo, se han desarrollado
modelos que explican los efectos mediados por estas hormonas en el metabolismo
celular®®, En este caso se encuentran las aminas adrenérgicas.

La distincién de dos patrones de respuesta (potencia de agonistas) para las
aminas adrenérgicas en funci6n de la respuesta fisiolégica observada, condujo a
Ahlquist* a proponer una nomenclatura que define a dos tipos de receptores; los
dividid en receptores alfa (a) y beta (B) adrendrgicos. A partir de ese momento,
se ha acumulado una gran cantidad de evidencia experimental que apoya su exis-
tencial. Posteriormente, Lands® propuso la subdivisién de los receptores B en
B1 ¥ B2 en funcidn de la potencia relativa de una serie de aminas simpatomimé-
ticas en los siguientes parfmetros: movilizacién de dcidos grasos libres del

tejido adiposo, estimulacibn cardfaca, broncodilatacién y vasodepresi6n. Esta




diferenciacién empirica coincide con la propuesta por Ariens et al® donde los
Teceptores B, (noradrenérgicos) se encuentran en las terminales sindpticas o en
tejidos bajo inervacién directa (tejido adiposo), mientras que los receptores

Bz se encuentran en tejidos bajo la accifn de la epinefrina circulante. En otras
palabras, los receptores B, responden a moléculas tipo el neurotransmisor nor-
epinefrina; mientras que los receptores B, responden a moléculas tipo la hormo-
na epinefrina. Sin embargo, este punto de vista es afin controvertido.

El efecto producido por la unién de una hormona a un receptor B adrenérgico
esti asociado a un aumento de la actividad enzimitica de la adenilato ciclasa
y por consiguiente a elevacién de los niveleé intracelulares de AMP cficlico
(AMPc), molécula 1lamada comunmente segundo mensajero, que se ha involucrado
en una gran cantidad de efectos metabdlicos’.

Se considera que la generaci6n de AMPc como respuesta a la interaccién de
diferentes ligandos (glucagon, ACIH, epinefrina, dopamina, histamina) con los
receptores membranales es producto del mismo mecanismo de transduccién en la
bicapa lipidica que involucra un sistema formade esquematicamente de la siguien-
te manera: el receptor que mira hacia la parte externa de la c&lula acoplado
a una proteina que une GIP y que mira hacia el citoplasma (para tener acceso al
GIP) y que actGa de una manera activadora sobre la adenilato ciclasa, la cual
sintetiza AMPc a partir de Mg-ATP (fig. 1); ademis, también se ha involucrado
la metilacién de los fosfolipidos de la membrana (lo cual le daria una diferen- »
te fluidez) como un evento asociado a la activacién B adrenérgica®. Se ha consi-
derado, sin embargo, que los 2 subtipos de receptores (B: y Bz) sean verdaderos

isorreceptores puesto que se tiene una sola sefial intracelular (aumento de AMPC)



Fig. 1.

Modelo-que representa los tipos de interaccidn entre los
diferentes ligandos y los receptores membranales, asi como
el efecto que hay sobre la adenilato ciclasa a excepcifn
del receptor o; cuya accifn es a través de la movilizacién

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

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

.nerviosas simpdticas poseen a-adrenoceptores y los subdivide en

receptores o adrenérgicos presindpticos y postsindpticos de acuerdo
a localizacién y funci6n en la terminal siniptica. En época mas
reciente, Berthelson y Pettinger? presentan evidencia experimental
que sugiere la subdivisién de los receptores o adrenérgicos en o,

y o, de acuerdo a bases funcionales mas que morfolégicas; a partir
de esta clasificacidn se han realizado estudios que conducen a
sostener la existencia de 2 subtipos de a-adrenoceptores tanto in

13,12 en c&lulas aisladas® y en membra-

vivo!®, en tejidos aislados
nas aisladas'®,

Sin embargo, estos o receptores no parecen ser isorreceptores
puesto que involucran diferentes mecanismos de transduccién®. Los

Teceptores o; estidn involucrados con la movilizacidn de calcio y

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

.recambio de fosfatidilinositol (PI). Mientras que los receptores

&, estén asociados a la adenilato ciclasa de una manera inhibidora,
participando en este proceso una proteina que une GTP y que actfia
como modulador negativo de la ciclasa haciendo que los niveles
intracelulares de AMPc disminuyan®(fig. 1).

El trabajo desarrollado aqui reporta dos investigaciones; una
que estudia la repercusién que sobre el metabolismo lipidico ejerce
el desacoplar los receptores o, adrenérgicos del adipocito en el

animal integro y otra que caracteriza los receptores o, adrenérgi-



i - . -

ﬂfaéwffgbajééi;épfgééﬁféﬁ'dosrénfoques

cos en mlsculo 1is

‘diferentes tendientes a conocer ‘el "fenbmeno adrenérgico".

‘La metodologfa-y los reactivos empleados en este trabajo se
“encuentran descritos ‘en cada una de las partes experimentales.

RESUMEN DE RESULTADOS REFERENGIA 14.

Se tiene evidencia de’ que las cé&lulas adiposas de hamster tienen
receptores a, adrenérgicos, los cuales estédn ligados a la adenilato
ciclasa de una manera inhibidora*!®; por lo tanto, cuando se activan
estos receptores, se observa una disminucién en los niveles de AMPc
y de la 1ip6lisis. Al inocular a hamsters con vacuna pertussis se
pierde la respuesta a la estimulacién o, medible por una elevada
lip6lisis junto con ausencia en la disminucidén de los niveles de
AMPc intracelulares!®,

La administracién intraperitoneal de una sola dosis de la vacuna
pertussis a hamsters produce un severo higada graso que se
desarrolla a partir del segundo dia de la inyeccidn, observindose
también, una marqada alteracién en el metabolismo y movilizacién
de lipidos (hiperlipemia y cetosis). Se encontrd un incremento en
la concentracibén de triacilgliceroles (TG) hepiticos y de &dcidos
grasos libres séricos (AGL) 2 dfias después de administrada la va-
cuna (figs. 2 y 3') que se mantiene proporcional con respecto al
tiempo hasta el cuarto dia experimental. Estos resultados indican
una mayor movilizacién de 1ipidos en tejido adiposo (1lip6lisis) y
el consecuente aumento en la esterificacidén de los AGL por el higa-

do (fig. 2'"), asi como su oxidacién, medida como niveles circulan-



tes;de{cuer§6552é£8;iébé‘(CC que comprenden-el-acetoacetato,AA y el
B-hidrbxibutirato, SOHB) ., Estos metabolitos elevan su concentracién
en sangre aproximadamente 1 orden de magnitud con respecto al con-
trol un dia después de la inoculacidn, y durante el transcurso del
tratamiento alcanzan valores entre 30 y S0 vrces el basal (fig. 5'%).

La esterificacién de AGL por el higado, es seguida por la libe-
racidn de los TG sintetizados que viajan hacia los depdsitos para
su almacenamiento. Al cuantificar los valores de TG séricos en los
animales inoculados con vacuna pertussis, se encontrd un aumento
significativo desde el tercer dia del tratamiento y continuo hasta
el final del experimento (fig. 4'").

El curso temporal del efecto producido por la presencia de B,
pertussis se monitored hasta el quinto dia después de administrar
la vacuna, sin embargo, la mortalidad de los animales en este tiem-
pc sobrepasé el 75%, por lo que los resultados presentados conside-
ran el efecto encontrado hasta el cuarto dia de tratamiento,

Para comprobar que el fendmeno observado se debe a una molécula
producida por la ‘vacuna de B, pertussis, se compard la potencia del
efecto probando diferentes lotes de la vacuna (Tabla 1). Como se
observa, se mantiene la alteracidn de los metabolitos lipidicos en
los animales tratados aunque hay diferencias en la magnitud del
efecto.

DISCUSION GENERAL DE LA REFERENCIA 14.

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

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




TABLA 1'Cbmparacién del efecto producido por diferentes lotes de la

-vacuna pertussis sobre el metabolismo lipidico de hamsters.

TG hepdticos TG séricos AA ce BOHB AGL séricos

(mg/gr) (mg/dl) (nmol/ml) (ymol/d1)
Control 3.,3%0.58 94.,2%14.2 10.8 6.1 11611
¥0.87 *1.3 :
Lote 29-090 53t15 997t280 298 389 421%2
79 103
Lote 27-212 63t10 237t118 193 294 ]41t36
51 106
Lote 29-127 50.5%13 120%40 152 245 147419
*38 65

Los datos representan el promedio ! 8.E. de por 1o menos 4

determinaciones.



‘mulaci6én-de-los-islotes de:Laﬂgerhans'péra liberar insulina, Esta
respuésta se ve potenciada cuando se ponen diferentes secretagogos
para insulina, manteniéndose el efecto por largos perfodos!’, Este
fen6meno se presenta al usar Proteina Activadora de Insulina (IAP)
purificada o vacuna de B. pertussis (ambas administradas en una sola
dosis) in vivo, o IAP en c&lulas aisladas!®??,

En estudios muy recientes, Garcia-Sdinz!® demostrd que la admi-
nistracidén de la vacuna pertussis a hamsters produce una disminu-
cibén notable én la sensibilidad de los adipocitos a agentes a, adre-
nérgicos, adencsina y prostaglandinas, cuya accibén esta mediada via
inhibicidén de la adenilato ciclasa®. En forma independiente y simul-
tdnea, Ui'® administrd IAP sobre miocitos cardidcos aislados y midié
su efecto sobre la regulacidén en la acumulacidén 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-
cién negativa del receptor o, hacia la adenilato ciclasa.

El empleo de ¢élulas aisladas para conocer 1a regulacidén metabé-
lica es muy Gtil ya que los resultados obtenidos con estos modelos
probablemente se pueden extrapolar al organismo Integro. Esta situa-
cibn se presenta en este reporte puesto que se sabe que la 1ip6lisis
in vivo estd regulada via la activacidn del proceso a través de di-
ferentes hormonas (efecto de catecolaminas, glucagon, ACTH, etc.),
mientras que su inhibicifn estd mediada por efecto azadrenérgico,

insulina, prostaglandinas, adenosina, etc..
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Al existi ‘ gqggdi&raégéééﬁiamieitb“entre'la ocupaci6n del
repeptdi;dzf}fiéﬂséﬁal que éste -envia hacia 1a ciclasa, se tiene que
la enzima no responde a la inhibicién por los diferentes agentes y

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

activar la 1ip6lisis!. Por otra parte, el aumento de AGL (fig.3')

y glicerol (fig.3'®) provenientes de la 1ip6lisis son reutilizados
por el higado para reesterificarlos y formar TG (fig.2!') que a su
vez los libera a la circulacién (fig.4'") para que se almacenen o
para oxidarlos dando como producto cuerpos ceténicos que también
libera (fig.5'") para que se puedan utilizar por otros tejidos.
Estos Z procesos se encontraron muy aumentados (aunque desfasados
en tiempo) lo que indica que el tejido adiposo ha perdido el meca-
nismo de regulacidn de sus procesos metabflicos y constantemente
estd liberando AGL y glicerol que el higado debe eliminar de la
circulacibn.

RESUMEN DE RESULTADOS REFERENCIA 20.

El empleo de preparaciones in vitro ha sido ampliamente usado
para tratar de discernir el efecto metabGlico y el mecanismo de ac-
c¢idén de los diferentes moduladores de la homeostasis corporal (neu-
rotransmisores y hormonas). Tal es el caso de las preparaciones
vasculares con las cuales se desarrollé el segundo enfoque de &ste
trabajo,

La determinaci6n de fosfato inorgénico (Pi} en los fosfolipidos
de la membrana, en condiciones basales, muestra la proporcidn que

de estas moléculas existe en el mdsculo liso (Tabla 1?°)., La mayor
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‘incorporacién de 2P| Pi encontrada en los fosfolfpidos, siguid el

orden Fosfatidiltdlina (PC)>Acido Fosfatfdico (PA)>Fosfatidilinosi-
tol (PIY>Fosfatidiletanolamina (PE), estos resultados semejan los
descritos para adipocitos por Garcfa-Sdinz § Fain? .

Los resultados obtenidos en la fig.12° demuestran que hay un
efecto dependiente de la dosis de epinefrina en la incorporacién de
Eaﬂ Pi a fosfatidilinositol y a su precursor, el dcido fosfatidico,
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
méxima concentracién usada en este experimento (10 °M epinefrina)
corresponde a 7 veces el valor del basal, mientras que, el icido
fosfatidico se incrementa 4 veces (fig.1%").

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 1la
misma cinética de incorporacién de fosfato radiactivo a PI, siendo
agonistas totales para este efecto. La estimulacién inducida por
norepinefrina siéue un patrén discretamente diferente pero también
se comporta como agonista total (fig.2A2%).

Al emplear fenilefrina como agente adrenérgico, se encontrb que
es un agonista parcial para el efecto descrito ya que no se alcanza
el mdximo de incorporacibén a PI obtenido con los ligandos anterio-
res. La clonidina, siendo un agonista preferencial o2, tiene un
lipero efecto a concentraciones elevadas (10-"M) mientras que el

B-HT 933 (agente agonista az) no produce efecto a ninguna concen-
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..Pbﬁfefiofﬁéﬁté';é exploré la inhibicidn del marcaje a PI (ésti-
muiado por epinefrina) al usar antagonistas a adrenérgicos. Coﬁo se
observa en la fig. 3A%2" 1la prazosina (antagonista a, altamente se-
lectivo) inhibié la incorporacién de fosfato radiactivo a PI, causa-
da por 10°°M epinefrina, en forma dependiente de la dosis, alcanzan-
do el valor basal a una concentracién de 10-°M prazosina. Cuando se
us6 yohimbina (antagonista mp) la inhibicién fue menos potente, en-
contrindose desplazada 3 &Srdenes de magnitud con respecto a prazo-
sina y no se abate la estimulacién adrenérgica afin a la dosis de
10-3M yohimbina {fig. 3A%°).

DISCUSION DE RESULTADOS REFERENCIA 2Z0.

El recambio de PI estimulado por catecolaminas se ha asociado a
la activacién de receptores o). Los resultados presentados en la
referencia 20 indican que el aumento en el recambic de PI mediado
por epinefrina es consistente con el encontrado para otros tejidos?!,
y que este efecto es reproducido si se usan diferentes agonistas
para los receptorés oy (fig.1%?"); a su vez, no se observa un incre-
mento significativo con los agonistas a, (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-
tocitos?? o los adipocitos?' lo que hace sugerir la presencia de
isorreceptores oy en los diferentes tejidos.

Cuando se emplean antagonistas para bloquear el aumento de mar-

caje en PI causado por 10°°M epinefrina, se observé la selectividad



y'pétéﬂcia;delﬁagenﬁe.utiliﬁédor[fig.32°j. La ?faioéina que es un
agente a, altamente selectivo?® inhibe el efecto producido por 1la
epinefrina de una manera dosis-dependiente, obteniéndose la inhibi-
cién total a 10-°M prazosina; mientras que al usar yohimbina (agen-
te antagonista a») el desplazamiento de la curva es de 3 Ordenes

de magnitud, sin alcanzar el nivel basal, aln a concentracidén de
107 M yohimbina (fig. 3A2"). Estos datos sugieren fuertemente que
la incorporacitn de fosfato radiactivo a PI estd mediado a través
de adrenoceptores &) y que es un evento primario a la respuesta
fisiolégica final (ver correlacién con contraccién en el trabajo).

DISCUSTON GENERAL.

El efecto biolégico que resulta de la interaccibn de moléculas
liberadas por el sistema neuroenddcrino con ilas c&lulas blanco, esté
mediado por la unibén de mensajeros quimicos con sus sitios de accién
especificos (receptores) que pueden estar presentes en la membrana
celular o en el citoplasma. El complejo hormona-receptor transmite
informacién que induce la alteracibn de la funcién celular?. La
interaccién entre el mensajero y el receptor inicia la transduccién
de la seflal recibida del exterior y posteriormente se tiene el efec-
to intracelular.

La presencia de 2 tipos de receptores o adrenérgicos propuesta
por Langer® y Berthelson § Pettinger® en diferentes tejidos ha con-
ducido a tratar de esclarecer el mecanismo de accibén de cada recep-
tor. Debido a que los receptores a; actuan a través de un aumento

en la movilizacién de calcio intracelular asociado a un recambio



~-previo-de~PI y-los receptores &; lo hacen a través de la inhibicibn

dela adénilato ¢;clasg_ sugiere que el mecanismo de acoplamiento

entre el compléjb5ﬁbrmoﬁa¥réccptor 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
o adrenérgicos desempefian un papel muy importante en la regulacién
del metabolismo celular que puede tener repercusiones a nivel de
organismo Integro.

La presencia de receptores a, adrenérgicos en los adipocitos
del hamster controlan la iipﬁlisis, via metabdlica que al perder
su regulacibén por desacoplamiento del receptor (a2) y 1a adenilato
ciclasa (evidenciado por la presencia de la vacuna pertussis'®),
constantemente estd liberando AGL y glicerol al medio, con lo cual
el metabolismo hepdtico se ve alterado y por lo tanto Se generan
situaciones anormales como el higado graso, la cetosis y la hiper-
lipemia., Incluso el organismo puede morir (como se observé en 14)
después ‘de un corto peridédo de tratamiento.

Por otra parte, la activacibn de los receptores o, adrenérgicos
en el tejido vascular conduce al recambio de PI, movilizacidn de
calcio y debido a que este i6n es un agente inotrépico, se obtiene
la contraccién muscular (tanto en miisculo estriado’, como en miscu-

lo liso®%® ),

Sin embargo, el esclarecimiento de la induccién con-
trédctil 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

pétencial de membfana Yy se sugiere la movilizacién de calcio a par-
tir de los reservorios intracelulares (reticulo endoplismico y
mitocondria) para inducir la contraccién?*,

Estos hechos presentan una gran correlaci6n entre la accién de
los agentes adrenérgicos norepinefrina (neurotransmisor) y epine-
frina (hormona) en la regulacién de la contraccibén vascular? ,

Sin embargo, los participantes del mecanismo de acoplamiento
entre el complejo hormona-receptor y el efecto intracelular afin
no se han definido claramente por lo que su identificaci6n asi como
el mecanismo por el cual interaccionan con el receptor y la sefial
intracelular son uno de los objetivos que se persiguen en la

actualidad,
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Sumrng z

Administration of pertussis vaccine to hamsters markedly affected
their lipid metabolism. Four days after the administration of the
vaccine a severe fatty liver was observed. 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 lipolysis might be at least partially responsible for
the observed effects.

It has recently been shown that administration of pertussis vaccine to
hamsters markedly decreases the sensitivity of their fat cells to antilipolytic
agents such as alpha, adrenergic amines, adenosine and prostaglandins which act
through receptors colpled to fat cell adenylate cyclase in an inhibitory
fashion (1). It was suggested that vaccine administration might alter a common
intermediate or coupling mechanism for the transfer of inhibitory information
from receptors to adenylate cyclase (1). The present study was undertaken in
an effort to determine the metabolic consequences in the whole animal of the
altered regulation of adipose tissue lipolysis produced by the vaccine. The
results show that pertussis vaccine administration to hamsters increases the
blood level of 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 from the National
Institute of Hygiene (Secretaria de Salubridad y Asistencia, M&xico). Beta-
hydroxybutyrate dehydrogenase, coenzymes and l-nitroso-2-naphtol were obtained
from Sigma Chemical Co. Other chemicals used were analytical reagents of the
best 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
single dose (0.1-0.2 ml). Animals were sacrificed by decapitation and
exsanguinated. Hepatic and serum triacylglycerols were determined by the
method of Gottfried and Rosenberg (2). Serum free fatty acids were quantified
according to Novak (3). Blood ketone bodies were determined enzymaticaily
(4,5).

* To whom all correspondence should be addressed.
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Results

It was observed that 3-4 days after the administration of pertussis vaccine
to hamsters, the livers prosented marked color changes similar to those pro-
duced by agents that induce fatty liver, such as ethanol, cycloheximide,
ethionine or carbon tetrachloride (6-8). Consistent with this observation a
dose~-dependent and time-dependent accumulation of triacylglycerols in the liver
was produced by the vaccine (Figs. 1 and 2). The maximal accumilation was
obtained at a dose of 1071 cells/hamster (Fig. 1). Higher doses did not
further increase the accumulation ofiFiacylgl)'cerols but were associated with
a very high mortality. A dose 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 least two days to produce a significant accumilation of
triacylglycerols in the liver (Fig. 2). Five days after treatment with the
vaccine most of the hamsters died (60-75%) 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,
Dose-response curve for the effect of pertussis vaccine on the
amount of triacylclycercls (TG} in the liver. Hamsters were
injected with different amounts of bacteria 3 days before sacri-
fice. Results are the means and vertical lines represent the
S.E.M. of at least 5 hamsters.

In order to gain further information about the actions of the vaccine on lipid
metaboliem and to get some insight on the mechanism of induction of fatty livgr,
the levels of free fatty acids, triacylglycerols and ketone bodies in the blood
were quantified (Figs. 3-5). ‘The serum level of free fatty acids was mignifi-
cantly increased 2-4 days after treatment (2-4 fold increases) (Fig. 3). Serum
triacylglycerols were also significantly increased after 3 and 4 days {approx.
10-fold increase on the 4th day) (Fig. 4)}. Ketone bodies also markedly
increase 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 at a dose of 107! bacteria/hamster. Results are
the means and vertical lines represent the S.E.M. of at least 4
hamsters.
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FIG.3.
Time-course of the effect of pertussis vaccine on the serum level
of free fatty acids (FFA). 1Indications as in Pig. 2.

increase was detected 4 days after treatment (Fig. 5). The beta-hydroxybutyrate
acetoacetate ratio was only slightly increased {(from 0.7 to about 1) which
suggests that the vaccine did not modify significantly the hepatic mitochondrial
redox state (Pig. 5).
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Time-course of the effect of pertussis vaccine on the serum level :
of triacylglycerols (TG). Indications as in Fig. 2.
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) FIG.5. e
Time-course of the effect of pertussis vaccine on the blood level of :
ketone bodies in hamsters. Beta-hydroxybutyrate {Triangles, broken
line), acetoacetate (circles, solid line). Other indications as in
Fig. 2.

Discussion

It was previously found that the administration of pertussis vaccine to
hamsters decreases the sensitivity of their fat cells to antilipolytic agents
that inhibit adenylate cyclase (1). It was also found that basal lipolysis was
higher in fat cells from treated hamsters than in the controls which suggests
that there is a decreased sensitivity to endogenous regulator(s) of lipolysis
{i). 1In vivo, lipolysis is regulated through a balance between activators




Vol. 29, No. 10, 1981 Pertussis Vaccine and Lipid Metabolism © 1025

(catecholamines (beta-adrenergic action), glucagon, ACTH, etc.) and inhibitors
(catecholamines (alphay adrenergic action), adenosine, free fatty acids,
prostaglandins, ketone bodies, etc.). It is possible that the altered sensitiv-
ity to antilipolytic agents produced by the vaccine in fat cells (1) may signi~-
ficantly contribute in the pathogenesis of the alterations here reported.

The uptake of fatty acids by the liver is directly proportional to the
concentration to which it is exposed (9). Fatty acids taken up by the liver
can be esterified or oxidized. Ketone bodies reflect the oxidation of fatty
acids by the liver {10). The oversupply of free fatty acids, reflected by the
serum level (Fig. 3) might be at least partially responsible for the ketosis
{Fig. 5; increased oxidation}, hypertriacylglycerolemia and fatty liver
(Figs. 4, 1 and 2 respectively; increased esterification in both cases}. The
high levels of triacylglycerols in the serum argue against any role of defec-
tive secretion of this type of lipid by the hepatocyte in the genesis of fatty
liver by the vaccine. The level of triacylglycerols in the blood results from a
balance between production, mainly by the liver, and utilization, mainly by
adipose tissue and muscle. Thus, the possibility that a decrcase in the utili-
zation of triacylglycerols might contribute to the hypertriacylglycerolemia can
not be ruled out.

The time-course of the effects indicate that the first parameter affected
is the level of ketone bodies in blood. A significant increase was detected as
soon as 24 hours after treatment. At this time the serum level of free fatty
acids was not significantly modified. A 4-fold increase in the level of free
fatty acids is associated with a 40-fold increase in the serum level of ketone
bodies. It is possible that a small undetected increase in the serum level of
free fatty acids might be responsible for the rise in ketone bodies observed
the first day after treatment. However, the possibility that the vaccine
could have a direct action on hepatic ketogenesis, in addition to its action on
the supply of fatty acids, can not be ruled out,

A moderate fatty liver was observed 2 days after treatment without any
increase in the serum level of triacylglycerols. Hypertriacylglycerolemia was
only observed under conditions of severe fatty liver. This has also been
observed in ethanol induced fatty liver and it has been suggested that a
hepatic threshold may exist for the production of hyperlipemia by ethanol (6).

It has been observed that in mice, pertussis vaccine administration
decreases the response of adipose tissue to beta adrenergic stimulation (11).
Furthermore, it has been suggested that some actions of pertussis vaccine may
be due to beta adrenergic blockade (11, 12). Our results are different and can
not be explained by .a beta adrenergic blockade. It is possible that the effects
are produced by different components of the vaccine. The difference in species
might also be important. We are using a higher dose of vaccine than Keller and
Fishel (11). The action of epinephrine on adipose tissue lipelysis results
from the balance between beta adrenergic sensitivity (activation of adenylate
cyclase) and alpha, adrenergic sensitivity (inhibition of adenylate cyclase)
(13). sSpecies difference with respect to alphaj; adrenergic sensitivity of
adipocytes has boen observed (13). Other significant differences between our
results and those of Keller and Fishel (11) is that our effects on adipose
tiseue are of slow onset and they are not lost during the fat cell isolation
procedure (compare 1 and 11).

Pertussis vaccine is not a purified preparation. It is a suspension of
died bacteria which obviously contains multiple molecular components. Sumi
and Ui (14) initially reported that the administration of pertussis vaccine to
rats abolishes the ability of alpha adrenergic agonists to decrease blood
insulin. U1 and coworkers have been able to purify a protein (Islet-Activating-
Protein) from the culture medium of Bordetella pertussis which is able to
mimick the effects of the vaccine in vivo and in isclated pancreatic islets
(15-17). Two characteristics are common to the effects of pertussis vaccine
on lipid metabolism in the hamster and the action of the Islet Activating
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Protein on rat pancreatic islets: hyposensitivity to agents that decrease
cyclic AMP levels and a slow onset of action. Experiments are in progress
to purify the molecule(s) responsible for these effects of the vaccine.
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1. Introduction

The release of insulin from pancreatic islets is
inhibited by a-adrenergic activation and is increased
by stimulation of §- adrenou:ptors {1]. a-Adreno-
ceptors have been divided into 2 subtypes, ) and ag,
by their affinities for agonists and amtagonists {2] and
their underlying mechanism of signal transduction
{3]. The a-adrenoceptor involved in the regulation of
plasma insulin level is of the a; subtype [4]. ayAdreno-
ceptors are linked in an inhibitory fashion to adenyl-
ate cyclase [3,5,6].

The decrease in blood insulin level due to a-adreno-
ceptor activation is effectively blocked by pertussis
vaccination in rats [7]. This effect of the vaccine
scems to be due to a protein produced by Bordetella
pertussis {8,9]. Hamster adipocy tes have ay-adrenergic
receptors linked in an inhibitory fashion to adenylate
cyclase [3,5]. Activation of these receptors decreases
basal and stimulated cyclic AMPlevels and lipolysis
[3,5.10]. The possibility that administration of per-
tussis vaccine to hamsters may alter the sensitivity of
their adipocytes to az-adrenergic amines was studied.
‘The results show that administration of pertussis
vaccine to hamsters markedly decreases the sensitivity
uf their adipocytes to ay-catecholamines. Further-
more, it was found that such decrease in sensitivity is
not exclusive toa,-adrenergic amines but it is common
to other agents such as adenosine and prostaglandins.

2. Materials and methods

Epinephrine, isoproterenol, theophylline and pros-
taglandin E; (PGE;) were obtained from Sigma Chem-

306

ical Co. A®(L-2-phenyl-isopropyl)-adenosine (PIA),
adenosine deaminase, plycerokinase, glyccrophosphate
dehydrogenase and NAD® were obtained from
Boehringer-Mannheim. Collagenase from Clostridium
histolvticum (lot 40C190) and bovine serum albumin
(fraction V) (fot U13707) were obtained from
Worthington and Armour Pharmaceutical Co., respec-
tively. Clonidine was a gencrous gift of Bochringer-
Ingelheim. Pertussis vaccine (strain 509, lot 29-050)
was obtained from the National Institute of Hygiene
(Secretaria de Salubridad y Asistencia, México).

Golden hamsters were fed ad libitum. Pertussis
vaccine was injected intraperitoneally (~10'! organ-
isms). Animals were used 3—9 day after a single injec-
tion. White adipocytes were isolated and incubated as
in [5,10]. Cyclic AMP accumulation and glycerol
release were determined as in [5,10].

3. Results

Thelevel of cyclic AMPin the absence of hormones
was slightly higher in adipocytes from pertussis-treated
hamsters than in control adipocytes (42 £ 10 com-
pared to 29 2 2 pmol/10° cells, respectively: means +
SEM of 6 detenminations in duplicate in each case),
Isoproterenol, a pure f-adrenergic agonist, produced a
dose-dependent increase in the level of cyclic AMP
(fig.1). The maximal accumulation of the cyclic
nucleotide was not affected in adipocyies from per-
tussis-treated hamsters, However, a decreased accu-
mulation of cyclic AMP in response to the lowest
dose of jsoproterenol used (107* M) was observed in
fat cells from pertussis-sensitized hamsters (fig.1).
Epinephrine, an a—f-adrencrgic agonist, produced a

Elsevier/[North-Holand Biomedical Press
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Fig.1. Dasc~response curves for the effects of isoproterenol
or cpinephrine on the accumulation of cyclic AMP in adi-
pacyies from hamsters. Fat cells {12 X 10%) were incubated
for 10 min in 1 il Krebs-Ringer phosphate buffer containing
3% albumin, 0.5 ug adenosine decaminase, 100 pM theophylline
and different concentrations of either isoproterenol or epi-
nephrine. (o) Adipocytes fiom control hamsiers; (&) adi-
pocytes fram hamsters treated with pertussis vaceine. Results
are the means and vertical lines represent the SEM of 6 expt
performed in duplicate, Results are plotted on a log scale.

dose-dependent accumulation of cyclic AMP in con-
trol adipocytes (fig.1). However, the maximal accu-
mulation was much smaller than that due to isopro-
tereno! (~10-fold increase compared to ~150-fold
increase, respectively). This is due to inhibition of
adenylate cyclase by activation of ayadrenoceptors
[3,5.6]. In adipocytes from pertussis-ireated hamsters
the accumulation of cyclic AMP due to epinephrine
was much higher, reaching levels similar 10 those
obtained with isoproterenol (fig.1). The data suggest
that in adipocytes from hamsters treated with pertussis
vaccine, there is a decreased og-adrenergic sensitivity.
To further test this point, the ability of the oy
adrencrgic agonist, clonidine, to decrease the level of
cyclic AMP due 1o isoproterenol was assayed. The
sensitivity 1o clonidine was significantly decreased in
adipocytes from treated animals (fig.2). In order to
determine if the action of pertussis vaccine was exclu-
sively on ay-udrenoceptors, the ability of otheragents,
which inhibit adenylate cyclase, to decrease the levels
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Fig.2, Dose—response curves for the effects of clonidine, N
(2-phenyl-isopropyl) adenosine (PIA) and prostaglandin E,
(PGE,) on the accumulation of cyclic AMP duc 1o isopro-
terenol in adipocytes from hamsters. Fat cells (1-2 X 10%)
were incubated for 10 min in } ml Krebs-Ringer phosphate
buffer containing 3% albumin, 0.5 ug adenosine deaminase,
100 M theophylline, 10 uM isoproterenol and different con-
centrations of clonidine, PIA or PGE,. (s} Adipocytes from
control hamsiers; (a) adipocytes from hamsters treated with
pertussis vaccine, Results are the means and vertical lines
represent the SEM of 6 expt performed in duplicate. Results
are plotted on a log scale.

of cyclic AMP due to isoproterenol was tested. PIA
and PGE, decreased the accumulation of cyclic AMP
due to S-adrenergic stimulation to amuch lesser extent
in adipocytes from treated hamsters than in control
adipocytes (fig.2).

Basal lipolysis (in the absence of adenosine deam-
inase and theophylline) was higher in adipocytes from
treated hamsters thanin the controladipocytes (0.80t
0.02 and 0.33 + 0.01 pmol glycerol/10¢ cclls in 60
min incubation, respectively: results are the means £
SEM of 4 expt in each case). However, lipolysis due
to adenosine deaminase plus theophylline was only
slightly higher in adipocytes from treated hamsters
than in control fat cells (fig.3). This suggests that in
fat cells from treated hamsters the sensitivity to
endogenously released adenosine was significantly
reduced. However, the possibility that the sensitivity
1o another endogenous regulator(s) may also be
decreased can not be ruled out. The ability of clonidine,
PIA and PGE, to inhibit lipolysis due to adenosine
deaminase plus theophylline was also significantly
reduced in pertussis-sensitized hamsters (fig.3).
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Fig.3. Dose—response curves for the effects of clonidine,
Ne-(2-phenylisopropyl) adenosine (PIA) and prostaglandin
E, (PGE,) on lipolysis due to adenosine deaminase and thea-
phylline. Fat cells (1-2 X 10*) were incubated for 60 minin
1 ml Krebs-Ringer phosphate buffer containing 3% albumin,
0.5 pg adenosine deaminase, 100 oM theophyHine und differ-
ent concentrations of clonidine, PIA or PGE,. (o) Adipucytes
from control hamsters; (4) adipocyies from hamsters treated
with pertussis vaccine. Results are the means and vertical
fines represent the SEM of 8 expt.

4, Discussion

Administration ol'pcrlussis'\'uccinc to hamsters
produced a,marked decrease in the sensitivity of their
adipocytes to as-adrenergic amines, A and PGE, as
reflected by both cyclic AMP levels and lipolysis. ap-
Adrenergic amines, PLA, and PGE. share the property
of inhibiting adenylate cyclase through receptor-medi-
ated processes. Inhibition of adenylate cyclase by
hormones and neurotransmitters seems to involve at
least 3 molecular entities: the catalvtic subunit of
adenylate cyclase; the receptor; and a puanine nucleo-
tide binding protein [11.12]. Calcium does not scem
10 be involved in inhibition of adenylate cyclase by
these agents.

It is unlikely that treatment with pertussis vaccine
may decrease the level of receptors for ax-adrenergic
amines, adenosine and prostaglandins, Therefore. it is
possible that the action of pertussis vaccine may occur
at the level of the coupling between the receptor and
the cyclase.

These data are consistent with the data in |7-9]
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where pertussis sensitization or administration of the
purified ‘islet-activating protein’ abolished the ability
of e-adrenergic agents and somatostatin to inhibit
glucose-induced insulin release, cyclic AMP accumula-
tion and **Ca?* uptake by pancreatic islets from rats,
1t was concluded that the action of the ‘islet-activating
protein’ is the result of sustained activation of native
calcium ionophores present on the cell inembrane [8].
The present findings suggest a complementary or
alternative explanation:
It is possible that the “islet-activating protein’,
present in the vaccine, may block the transfer of
inhibitory infonmation {rom the receptor to aden-
ylate cyclase.
Calcium and cyclic AMP are known to play impor-
tant roles as a link in the stimulus—secretion coupling
in the pancreatic f-cell [13]. Changes in the level of
cyclic AMP may explain the altercd calcium fluxes
and insulin secretion due to cpinephrine in istets from
rats treated with the ‘islet-activating protein’.
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,Vlllalobos Hollna, Rafael Ml'ma Uc anlque l{ong:and J ;-iblﬁfb Carjéi'a'-S‘éinzr: :

Correlation Beu-'een Pl osphat1dy1111051’c01 ,L beling and:Contraction in Rabbit

Aorta. Effect of c3% Adrenerglc Actlvatl n

.-'-.ctiv.'aticn of rabbit wortic strips with & nurcz e)'mc anomsts JIICI‘C..AC‘d the

lannllnt!(uuh P.’P1) of phesphatidylincsitol (PI) nﬂd phosphatidic arzd and

contracted the vascular preparations in dose—re]ated fashions. Epinephrine,

norepinephrine and ethoxamine produced maximal effects, while c]_onidiﬁe
hehaved as partial agonist and B-HT 933 was alpost without activity in the
two experiniental model% used: Phenylephrine was a full agonist in contraction
but. failed to elicit Vthe maximal increase in PI Jabeling. The ECg 's to
produce contraction of aortic strips were lower for all nponists thzn these
required to increase the incorporation of radicactive phosphate into PI, but
there was a good correlation between the two sets of data. The increased PT
labeling and centraction of aortic strips induced by epineplirine were

antzgonized by prazosin and vohimbine in dose-related fashions but t

o
&}
iy
-
-
n
~+

o blocker was about three orders of magnitude more potent than the second in
the two. effects. The present results indicate that both stimulation of Pl
labeling and contraction, are mediated through activation of o) adrenocepiors

y rabbit ‘aorta.
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Actlvatlon of hormone receptors that control 1ntrace11u1ar-

rosponses by 1ncrcas1ng the concentratlon of. 1onlzed calcium in the

I 1e<ponse is characterized by an

1n1;1a1 breaLdOhn’of<th15 phosphollpld folloved by a compensatory

1ncrease 1n,the raye o ts S)nLhe<Js(chhell and Kirk,1881).

Tnterestingly, in most tissues the intracellular responses(such as

glycogeﬁolysis; exqcyt051s ‘or contraction) are calcium dependent
ané¢ nimicked byfcalcium;ibhophqyes but the PI-effect is not,
suggesting that the turnover of PI might be involved in the calcium
signalling process{‘
Alpha (o) adrenoceptpféghafe been divided in o, &nd &, sdrenergic
subtypes(Berthei;oﬁfahd(Péftinger 1977; Fain and Garciz-S4inz,1980).
\e\e yhese ad;enoceptors do'not seem to be isoreceptors since

they involve.dlfaerent‘mechanlsm of signal transduction{Fain and

Garoia-58inz;1980). Alpha: adrenoceptors are linked in sm inhibitory

feshion to adenylate cyclase whereas o; adrenoceptors are not linked

]

to the cyclase but involved in PI turncver and calcium mobilizationm.

Alpha adrenergic arines contract rahbit acrta in e dose-dependent

1,1976). However the

mEnner and stimulate PI turnover{Lapetina

i

eifect of adrenergic agonists on Pl turnover, the type of o

«
>

adérenoceptor invelved and its correlation with contraction has
received little attention.

T

This woTk presents a

Vo
o
N

rmzcolecical characterization of the

s

zéTenergic receptor invaived . in PI lezpeling and comiraction in
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METHODS

Rabblts of elther sex(New Zealand train velghmg'between 1 5 and 3 kg

were used 'I'he ammals herersacnf ced-by.a low on the head and the thorac1c

aor a(from amtlc al‘ch to dlaphraon) Wi s_exc1sed rapldly and nnmedlately

cc—d in co]d bufu:r, cleaned .md i'lced of surrounding connective tnssue.
1
Mensuren —nt of)_'zPJ Pi incorporation into p-cmnohplds.

fortic rings of 2.5 rm wide and weighing approximately 10 g were incubated
in plastic tubes containing 1 ml of Krebs-Ringer tris buffer(pHd 7.4 at 37°C)
of the following composition: NaCl,120 m‘ﬁ; KC1,4.75 oMy MgS0.,1.2 md; CaCl,,
1.2 m4; tris,5 mM containing 1A0 pbi/mly— of [3215_\,}”1. Rings were incubiated for 1
hr and 1ipids vere extracted f‘\’i‘:h 6 ml O_f chlorophorm/methanol. The single
phase system optained was .sépéra‘,ted.by the addition of 4 ml 100 m~1HzPO,. .
The cholephorm laver was cvaporated in a vacuum cenirifuge to dnmmess. '

Phospholipids vere separated b)‘ one-dimension t.l.c. on glass plates coated

with silica ¢el H{Garcfa-S4inz and Fain,1¢80). Lipids were identified by

using l:-vepour staining, the phosphorus content of phospholipids was

determined by the micromodification of the procedure of Bartlett(1959) after

acid hvdrolysis of silica gel scrapings containing each individual

phespholipid. Incorporation of radicactive phosphate into each phospholipid
was rcesured in silica gel =crapings added to a liquid scinvillztion fluid
(Frici-=,18758) in & Tezlman LQ\.-]OO spectronater.

The Tesults are expressed as a percentage of control incorporaiion into

cach phosphelipid. Each experiment was repeated at least three times on

[ad

different davs and the data are expressed as the memns T S.E.

Co-uw ‘on

Helicoidal aortic strips were prepared as described by Furcheott and

Bheirakom{1953) and placed in a 25 ml tissue hath filled with Krebs-bicarhonatsd



:solutlon, \-,armed at 37°C and bubbled mthra mlxture of 95% 02 and 5% C0;.

(‘ontractlon vas assessed by means: of an 1sometr1c I‘I‘ 03 Grass force-

d1splacement transducer connected to a 7P Grass polygraph A resting tension
of ‘4 gwas applied repeatedly untll strlps l‘emmned without relaxation under
such rcstmo tension. Then, 1esp"anses 1_0 cpmophrlne(s 5x !'D were

obLa:med every 20 mn unt11 rrmmal reactivity

fel

vas ohservedfusually 2 hours).

In.cne type of experments, accu:nuflated dose-response curves were obtained

with-one of the o adrenergic agonists used{due to the high concentrations

‘used, seme strips did not recover full reactivity, as it had been previously

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

‘experiments, responses to epinephrine(1 0'7)-9 were obtained every 20 min

hefore and five minutes after contact of preparations with imcreasing

‘concentrations. of prazosin or  yohimbine. Chambers were washed four times

after obtention of each response. Each druq concentration was administered

wn

vere

m

in & €.1 m3 volune. Results {rom dose-response curve to agonist
e.\j)ress.ed in grams in order to show differences in intrinsic activity, while
the effect of the o-blockers in terms. of percent of control responses. Each
experiment was replibated six times and the data ate expressed as the mean 2
S.E.

Ipinephrine-HCl or bitarirste, novepinephrine-HCL, phenviephrine-HCl and
vehimbine-HC] were obtained from Sigma Chemical Co.; methexamine-RCI,

clonidine-HC1, E-HT 033 and prazesin were genperous gifts fram Burroughs

Vellcome Co., Pochringer Tncelhelr and PTicer res_r»ecti\'el)';LSZP] Pi as

orihopies;noric acid{carrier {yee) wes ohtained from New England Nuclear.



}\LSULTS )

Incozporatlon of |® P) Pi into aorta phosphohplds

As 51101m in table 1 -a subst'mtlal mcorporatmn of | P] Pi into major
p]xospholipjds was obtained within 1 hr of incubation, The phosphollpld
composifion of rabbit aorta'\j:as similar 1>0 that reported by lapetina et al
(1476) for cat sorta and resembles that of other tissves(bhite,1973).
Thosphatidylcholine and phosphatidylethanclanine contribute about 65% of the
total phesphate content. Incorporation of radioacti\fe phosphate was mainly
into phosphatidylcholine followed by phesphatidic acid and phosphatidylinositol
(t‘ablé 1). The incow'poration into phosphatidylethanolamine was very little
as cempared to other phospholipids. These results are similar to those reported

in dd1pocwe<((_‘ rcia-S8inz and Fain,1980). No clearcut change in the amount of

mploved over the T hr

asiy phespholipid was produced by any of the agents omp

&
incubation period used in the present studies.

. . . . P IS
Effect of epinephrine on the incorporation of P* NP1 into ph'~<‘>holrnds

o s . . Iy RS .
Irinephrine produced an incroased incorporation of 1™ P, Pi into phespholipids

b

[

[fir 1). The effect of the amine was exclusively on the Jabeling of PI and its
precursor phosphatidic acid and it was dose-dependent (fig.1).

4 significant(two-Told) increase in the ]a]: eling of PI wis observed at a
concentration as low as 5);10'7?»5. The effect increased linoarly with the dose
up to 10 "M(rouchly 7-fold), higher conceniraiions 8id not increase further
the effect(fig.1). A cimilar pattern wag ohserved for the labeling of
vhesphatidic acié although the mepnitude of the epinephrine action was smaller

[~ * Bl

xs

incorporation of radicactive phosphate

s

nergic agenists on PI labeling was tesied and

[}
-
I
fod}
ct
(2]
W
R
13
(h

the ésta presented in figure 2. Epinephrine, methoxamine and norepinephrine



. were full agomsts wher as phcny]cphrme and clonidine were partial agonists-.

) for t}us effect The se]ectlve a2 adlenelglc agonlst B-HI' 933 was without

: cffect on this parameter. 7 L

» Alpha adrcne1 g1c agozusts; contracted rabblt aorta ina doqc -dependent fashion:
(fig.Z). 'I’he saximal- re<ponse< el:c:‘ced b) epmeuhrme, norepinephrine,

='=’ rzthexmnine and phenvlephrine were of larg,e e ~gmtude(: 9-4.3 ), indicating
a conplete agenist effect. On the comrar\% clomdme procmr’ed a2 much smaller

! effect and E-HT 933 elicited a maximal comractmn’of onl)' 1.0 g at the

» highest concentration tested(10° D

A correlation between the effects of aduenerglc agents on PI labeling and

aorta contraction seems to exist(fig. 2)

Effect of o adrenergic antagomsts on epmephrlne med]dt.ed PI labehnt' and

Tect of epmcphrlne on PI labelzmg was dnteoomhed by prazosin(a highly

selective o) antagonist) or vohimbine(an o antagonist). The results are

presented in figure 3. Prazosin inhibits the PI response caused by 107
eninephrine in a dose-dependent fashion, the total inhibition of the effect

L. . was observed with ]O'SM prazosin and the ICsy obtained for this drug was

1.0 x 10-?1\’. Yohimbine was much less potent in antagonizing epinephrine action

{fig.3). The ICsp for yohimbine(1.0 x ‘lO' M) is 3-orders of magnitude greater

than that obtained for prazesin. Under the conditions wsed here, ne total

inhibition was reached with vohimbine up to 10_5M. The selective inhibition

e

Iy prazosin suggests ithat the PI effect induced hy epinsphrine is mediated

.3 - s - . -5 v
through activation of e, adrenocepiors. Prazosin{up to 10 7M) and ychimbine
- (up to 107°M) were without effect on the basal lsheling of phospholipids(data

not shown).



'me contraction of aorta produced by 107 epinephrine was antagonized by

“Loth a adre g c"blocl\ers, prazosm and yohunb1ne(f1g 3). However, the first '

was much more potent than the second; thus, the ICsg for prazosin was 1.6 x

107M \she1eas that for yoh:.mbme was 1.8 x 107 O,

The stmulatlon of PI labeling produced by 10 M nethoxamine or 107N
no:cpmcahrne were con nleLelx aholi shcd b) 10 g‘n prazosin and only partially
inhibited by TO M \'olnmbme(data not shown) The small effect of clonidine
was 1l’lhlb11_ed by 10 61»1 prazosm 1\hereas yohunb:me up to 10 “3M had no effect

(data not shown)
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 DISCUSSION

PI tumover 15 stlmulated By adrenerg1c agomsts in many tissues and ﬂus

effect is generally medlated through (3! ad1 enoceptors (Fain and Garcia-Siinz,

1980). Lapetlna ot 31(1976) have pre\flously 1epozted that o adrenergic

stimili selectively enhance PI labeling in iselated cat acrta. The stimulation
of PI labeling observed in this study rescahbles that rroduced by other ligands
vwhose final actions on target tissues are mediated by a rise in intracellular
Ca*t concentration like vasopressin(V, receptor), angiotensin, histamine(H,
receptor)and many other agents(Michell and Kirk,1981). The efifect of
catecholamines on mscul-ar smooth muscle contraction has heen established
long time ago(Furchéott,]QSS). However, more recently an increased research
on the characterization of the effectors involved in this response has been
focused(Altura and Altura-,1970; Shevs and Green,1572; Altura and Altura,1977;
Ruffolo et al,1979; Ruffolo et al,1881). The present results indicate that
both adrenergic tesponses(PI turnover and contraction of a@orta) are mediated
through o3 adrenoceptors. Similarly, it has been chserved that vasopressin
stimilates PI labeling and contraction in rat aoria(Talhar and Rirl;,19E1;
Altura and Altura,1977) through activation.of receptor of the V, subtype. Cur
cata and these of Talhar and Kirk(1987) suggest a role of calcium signalling
in sorta contraction induced by vasopressin and epinephrine. In ocur experiments

the dess-respinge curve for the PI effect ap

re shifted to the right in
relation to the dose-response curve for the {inal phvsiclogical event
(contraction), this has hcen observed in most tissuves that exhibit a PI
response. Such finding has been intervreted as 2 consequance of the presence
of spare recentors (Michell and Kirk,728M).

It is also notewhorty that phenvlephrine is a pariial agonist for the PI

response Vhereas it is & full agomist Jor conmiraciion(fig.2). This relationship

6]
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“to pfcduce the:maximal. final response. Therefore, an agonist which

may.activate-a minima proportidn-of the receptors could behave as a

full,agdniSi;fdr the )1nalfeff¢ct. Similar relationships have bcen

chserved for-agents;whlchlacf through the adenylate cyclase system.

Recenily Hl‘berg(1979) has revised the o adrenergic effects on

smooth nuecle(nam _; vascular and intestinal) from a physiological
point of v1eh and concluded that it is possible that two factors
(calc1um dnd cxc11c AMP) might be involved in the response. Wikberg
suggested that o) adrenoceptors could act through calcium whereas
uz acrenoceptors exert their action by decreasing cvclic &MP levels.
Similarly, Fain and Garcia-S4inz(1980) have suggested that a,
adrenoceptors are not linked to adenylate cyclase but mediate those
effects of catecholamines which involve PI turnover and calcium
firnalling whereas o: adrenoceptors are linked to adenylate cyclase
in an inhibitory fashion. This obviously suggest that oy and a:
alrenoceptors zre not isoreceptors since they do not have the same
system of signel trarnsduction. This has been clearly shown in twe
systems:adipocytes{farcia-S&inz et 21,1980;Burns et al,1881) and
hepatocyvtes(Tolbert et 21,1980;Jard et al,1981),

In the present studies, metheXamine vas & poient and complete agonist
in both effects studied(Pl response and contraction). Although these

findings are in ccuplete agreement with the well known pharmacelogical

properties of methoxamine, it should be mentioned that methoxamine



© s %_yer,Weﬁk,asqnist,in,fat cells(Garcia-S&inz and Fain,1980) and
7 lifer cells(Aggerbeck et 31,1986). The reason for this significant
‘difference is at presént unkno*n, but suggests the possibility that
trué subtypes of a; adrenérgic receptors might exist in different

tissues.
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TABLE 1. Ingorpafatidhrqf 32€]Pi into phospholipids of rabbit aorta.

Fhosphatidylethanolamine
‘Phosphatidylchoiine
Phosphatidylinositol

Phosphatidic Acid

Total phospholipid phosphorus was 1.20 ¥ 0.08 ug; total incerporation

was 3539 I 270 cpm/10 mg aorta wet weight. The results are expressed

+

as means I S.E. for thirty different determinations.

e

Pi content

.4

.5

of total)}

+
+

.77

.51

2.0
2.2

Tzé]Pi incorporation

40.

2

2

5.

6.
7.

6
1
8

Q

of total)
.6
.4
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figy;éyjévﬁifectcofuepinephrinefon‘tﬁé"laBéiiﬁg’Bf“bhbépholipids.

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

PE:

i

Phoéphatidylethanolamine - : !
PC= Phosbhatidylcholine
PI

"

Phosphatidylinositol

i

Phosphatidic Acid

Basal values for incorporation are shown in Table 1.

Figure 2. Effect of o adrenergic agonists on the labeling of
phosphatidvliinositol and on contraction. Rasal incorporation of
label into PI 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 yohimbine on epinephrine-induced
phospatidylinositol labeling and contraction. Epinephrine was

present at a concentration of 10-5M in the laheling experiments and

10'7M when contraction was studied. Control labeling refers to the

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



77&&5i§30’é§h/&d mg aorta wet weight. Control contraction refers to
~ the tension produéed by 1077y eﬁinephrine in the absence of adrenergic
antagonists and was 2.3 g. Plotted are the means and vertical lines

represent S.E.



we

.

PI LABELING (% CONTROL)

PHOSPHOLIPID LABELING (% Contro\l)

_ o o
o 0O o
O O @)
1 ) )
0
' o
i i—
o
@
O
o,
>
o
o
>
2 ;A
3
L
<

1000

€00

100+

o EPINEPHRINE 501

O NOREPINEPHRINE
11 METHOXAMINE

O PHENYLEPHRINE
A CLONIDINE
A B~HT 833

2.5

CONTRACTION (g)

o4 o~

¥ T * T

7 S 9 7
-L0G [AGONIST ] M

-4

B i

s,



PI LABELING (% CONTROL)

1000 - —~ 1004
J
o
a4
’_
P
o)
O
- R

500 ~ 50+
pz4
Q
‘_
Q
<
o
|_.
1004 ¢ PRAZOSIN z

O YOHIMBINE 3

T T | B Y
9 6 3 10

~L0G [ANTAGO;-UST] t4

~

-




	Portada
	Estudios sobre Regulación Alfa Adrenérgica
	Discusión General
	Referencias



