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RESUMEN o 1¡ 

La administración intraperitonea]_ de ade1~osina -:;vita ( parc.iaJ. o :\ ,, 
:\ 

l\ 
1, 
} \ 

totaimente ia inducción d•::> hígado graso por etanoi, cicJ.ohcx:i.m:i..da, 

tetracioruro de carbono y etionina. E1 mecanismo generai por ei 

cuai se produce este efcct:o hepatoprotector por ei nucicósido es 

una inhibición de]_ metabo1ismo hcpát:i..co de ios ácidos grasos -

Otros rí1ecanisrnos de acción participan en. e.J:. fenó1neno genera1;. ~ 

as:j._, en ei caso de1 dafio producipo por ei mctabo1:i..smo del. etanol. 

se observó que un aumento en ia uti1ización de equivaientes reduc-

toros ( NADH) part:i.c:i..pa en 1.a acción del.-. nucl..ós5.d6. Este au1nenl:o en 

ia ut:i.1izac:i..ón de equival.entes reductores parece deberse a una 

modificación en l.a cadena respiratoria q·:ie se observa preferentemente 

a nivel. del. sitio I-



INTRODUCCION 

Uno de 1os grandes problemas de sa1ud es 1a cirrosis hepática.- Es ta 

pudiera ser definida· como "un aumento difuso,. real o apar~nte-·de _tej~-~~- conectivo 

en -e1 híg-ado,. p·ar- ·i:o'- 'r-~gcl.ar - acompañado de necr~sis ~·_y--0 ._re~ene:raéi:Í..<?_t{:._ d,~ .. -~ ia: ~élu1as 
parenqui~a17os~,. q":':~ ::a·a.n .. ,·al hígado 1.ID aSpeCto--:nodU1-á.r\·O ·grán.ú1á.r'~:'"':=:(1). Existen 

::::::~:.::::.:2i'r~r;:::c:::::c;~t.:.;itÜ:l~t~~f f r~:.~.:.·:: o·~-
cuente es· -i~ ::·~~:~~~~,~~'.-~~'- crónica a_. agentes .{c.iuí'Itji;~os·f:·.tOXicos,. como. son el etanol,. 

e1 t~tr,;~%~·~é~~::~~+' ca%0bono, e1 c1~roforn{~~ y';l·~5.~B'~:;>~.;o1ventes orgánicos empleados 

frecuenteme.nte~·\·Es_:-:·~anocida l.a aso:.ia¿'.i_:i:;ri.:~~\:~~'·,~:icohol.ismo y cirrosis hepática. 
, ::-·:· .,,-,:_-. . ,,,-

Dur.Bnte~~~~':Ch«;s-~~añ"os, dada 1a comp1ejidad de 1os ·prob1emas metabó1icos que .-.. ~ acarrea 
: ' '. --~ '-¡ .·:. <: ·.·: - -

e1·._S.¿C.~~.:.(:>~~s~O·, se ha sostenido 1a idea de que e1 c_onsumo de a1coho1 so1o conduce 

~--~-~-~-~O_~ .. ~-~p~~-t~co cuando se asocia a un.a dieta deficiente. Lieber y co1aboradores 

(2)~-··i-i··~: :-'d~~ostraOo en primates que 1a ingesta crónica de etano1 produce daño 

h~pátíco _(hígado graso, hepatitis a1cohó1ica y cirrosis en forma secuencia1) a 

pesar.· d_~ -una· dieta adecuada. 

La p-i:-oducción de cirros·is hep:áti_c.a es 1..lll. proceso 1argo y que tan.to desde e1 
e· - • 

punto de vista pato1ógico como";_b.iOq~-Mi.co está 11eno de interrogantes no resue1-

tas. se ha .observaaO --tan.t-~:.:.::~:i~~{á·~<:~~m~'· experlmenta1rnente, que ei daño usua1mente 

se inicia con una a~~t~~~~~i~~i~l~fi.acilg1iceridos en e1 hepatocito (proceso que 

11amamos hígado gras=~·;_~~riOtB.~·~(·a.igt.m.os autores de nuestra lengua prefieren otras 

denominaciones comoj~&il~:~~:t~~(~~~soso, hepatoesteatosis, lipósis de1 hígado, 

degeneración grasa de'1'-;:_,hí&8'dó~":· etC.·Dado que un canibio en 1a denominación de1 
':; ''.\:::..:_,,, ~ ._ -~- -~'~";~;:~. ·-:' ·- •' 

cuadro no es de utí..ii"da~d'··:c:i:~n_tífic:a al.guna, dejo a l.os 1ectores de esta tesis 
~ ".'~. -.-:..·-,. ·-·:·. ";. -' . .. , : 

triacil.gl.icéridos en hígado puede evo1ucionar favorablemente y desaparecer 

o pasar al.a etapa de hepatitis a1cohó1ica (caracterizada por necrosis). Los 

factores que determinan 1.a transición no son conocj dos y no e>:isre una exp1ica-

ción bioquímica satisfactoria hasta el momento. 



c)En los estudios con etano1 se amp1iaron las exploraciones eva1uandose además 

los estados energético y de oxido-reducción (citoplásmico y mitocondria1) y la. ca-

pacidad oxidativa mitocondria1 .. _ 

RESIDlEN DE RESULTADOS 

Los resultados se e_ncuentran en 1os trabajos que a continuación se presentan 

(referencias.:il.1.éa ·,{5),·., '°e 

~·:{·-"~~~á·.¿~~~i'~~~:',·f~·~'~ii~:i·~-;'es~·que 1.a admini.straci.ón de adenosina evita o 

::~=~'.¡¡¡f ~i~i~~if~':!z~~1:1tti!;=.:.P:º:·:ab-:::~. ·::::,::'; ,:~:~ ::I· 
II) Y ... tetrac1oruro' de~. carbono ·(11,. tab1a ·IV). 

Ai~i)~,~~~~~~~~:,~~f~~4~,!~W',;i~'~X#\ ~~c.iec~sida~ de comprobar cada punto de 

una h¡pó~-~~·¡~-::~~-,l.o si·gui.:~n.t·~:''.i~~~:·heP~t~1:6xi.Cos no tienen contra lo propuesto por 
. --.. -. ·. ' . 

l.sseibacber (6), comO ~Ca.n.iSOO .:gene-ra1·.~e- acci6n _el abatimiento de los niveles 

energéticos de 1a cé1u1a. Esto -se obseiva claramente en el caso de intoxicación 

et~1ica (12, tab1as IV y V). La administración de. etano1 a1tera poco 1os para-

"IDetros energéticos de 1a cél.u1·a hepática~ 

QuedaTOos por lo tanto con un efect~-:Y .. 18,'ne·cesidad de darl.e una explicación 

bioquíTDica. En e1 caso de la intoxic~~-~n:·~~-~.:~J:::;:e.tanol., es bien sabido, que las 

:"::r:::::,:r::'::::.::r::-:::::it~~~~~ :::;:::::'::-::.::º •::' :: 
adenosina sobre el estado redox cit~pl.~~:e~.~:~~~ 'observo que carecía de efecto 

en condiciones basa1es pero cuando Se··;~á~~í'~~~\::'.;:.·ába junto con etanol., e1 nucleós'ido 

revertía parcialmente el efecto de1.etano1. 

Existía por lo tanto 1.a posibilidad de que la adenosina inhibiera el. meta-

bo1ismo del. etanol y así ejerciera su efecto. Sin embargo~ la velocidad de depu

ración de etan~1 se aumenta con adenosina (12, Fig. 3). Dado que es la reoxida-

ción del NADH el paso limitante para la oxidación de1 et&101~ nuestros resultados 

indican que la administración de adenosina aumenta la capacidad o::-:idativa del. 



La e.tapa de hepatitis suele ser breve y e:volucionar hacia cirrosis. Es 

·importante enfatizar en este momento que 1a etá.pa de .h.ígado graso es la etapa 

reversible de1 pro.ceso y que 1os esfuerzos· para ·deteTI.er. e1 aVance de 1a enfer

medad se deben rea1i·z·ar-.:~et;:·: ese. est-add~· 

Farbe:r y c6i~o~adcm~s . (~~)' ~~· demo~t'j~~J~·ia· .i~portancia del. estado 
- <"· .. --:~: 

::::::~::::1~hi~i~i~~,.~~i~~~.,~~~~~i~Ej[E?:. ~:,:::::::~:.: ue 

pática. En su_ publi'ca~ion~., ... este. ~Ü·~~-~:~;-i..ri'.di·~~.' ~iue 1a administ:ración de ATP ~ 

mejora el. estad~~\i~~f~~~t~¡,,':,~ revi'eri:e ~··.;,~3o:ra el. hígado graso; sugiere 

además 'l.m.a re18Ci-óD': ·c~usa.i ·entre ambos procesos, i. e., 1a caída en estado 
-,;;;-' 

:.·: 1:.: .. - '· '-
energético Cond~·c':-~-~;a· ;:1~ _acumu1ación de tiriaci1g1icéridos. 

Chagoya ~e Sánchez, Brun.ner y Piña (7) reportaron que la administración 

de adenosina a ratas, e1eva considerablemente los parámetros energéticos de 

1a ce1di11a hepática. Esta observación ha sido confirmada en otros sistemas 

como son el. hígado perfundido (8), 1-as rebanadas de hígado (9) y 1-os hepatocitos 

ais1ados (10). De tal suerte, que 1a adenosina se ha convertido en un arma 

metabé51ica para incrementar e1 estado energético de1 bepatocito. 

Tomando en cuenta que en 1a génesis de cirrosis, 1a etapa reversib1e es 1a 

de hígado graso .. y dada la re1aci6n "caída de 1a carga energética---• inducción de 

hígado graso (6), se estab1eció 1a siguiente hipótesis de trabajo: la administra-

ción de adenosina ( que e1eva los parametros energéticos hepáticos) probablemente 

evite 1a inducción de hígado graso. Se decidió exp1orar 1os siguientes aspectos: 

a)Efecto de la adenosina sobre el hígado graso producido por 1os siguiente agentes: 

etano1, etionina, cic1oheximida y tetrac1oruro de carbono. Estos agentes fueron 

seleccionados por ser 1os mas ampliamente usados y de los que tenemos mas informa-

ción acerca de sus acciones y mecanismos de acción. 

b)Estudio de la dinámica del metabolismo de 1os lípidos para conocer el mecanismo 

de acción del hepato-r.óx:ico y de la adenosina 



hepatocito (e1 mecanismo por e1 cua1 esto ocurre fue explorado y 1os datos se 

comentan más ade1ante). Estab1ecimos estad:('stica~ex:i~e _1a:,~e1;ació~ entre hÍS:ado 

graso y estado redox citop1ásmico (12, Fig.,; ~) 1a .·4:=.u~1, .f1;::1~ .'c~_i~·· perfecta con un 

coeficiente de correlación r= 0.99 

Debe recordarse que cá'Us'aJ..i dad. Es poco 

probab1e que l.a adenosina an. tagoniz~.\~·~:. ~,~~~~··~~'tf!.~~-~ri:r:~_':_-.-1a.s acciones de los hep ato

t6xicos y que no existiera un ··mecan_Í.~~o~·-_c6~~-,:;:d~.-:'_~cci6n en e1 efecto hepatopro

tector de1 nucleósido .. E1 hecho de .qúe --=1a--:-.. '.8:aerloSina· evita 1a producción de hígado 

graso por agentes que no actuan a_ través de "InOdificar el estado redox citoplasmico_ 

(como cicloheximida, etionina o tetrac1oruro )~ nos sugería la existencia de 

por 1o menos otro mecanismo de acción. 

Para estudiar e1 mecanismo general de acción del nucleósido fueron de gran 

utilidad los experimentos con alopurino1 y cicloheximida. Cuando tratamos a las 

ratas con a1opurinol (inhibidor de ·1a ,xantin-oxidasa) observamos que ahora la 

adenosina era capaz de evitar totalméñte e1 hígado graso producido por etanol 

(en ausencia de a1opurino1 1a acción era parcial)~ pero solo parcialmente las 

alteraciones en e1 estado redox (13, ver texto) lo cual rompe la correlación 

entre ambos procesos (r= Q_56). Al estudiar 1a dinámica lipídica se observó que 

la administración de adenosina y etanol en presencia de alopu.rino1 producía. una 

e1kv.aci6n significativa en los niveles séricos de ácidos grasos libres (13, ver 

texto). La concentración de ácidos grasos es proporcional a su metabolismo he-

pático. Sabiendo que la administración de adenosina dismintl)-Te los niveles de 

cuerpos cetónico (oxidación) y los niveles séricos y hepáticos de triacilgl.icé-

ridos (esterificación) resulta evidente que una disminución general en el metabo-

1ismo de los ácidos grasos por el hígado pudiera ser un fact:or responsable del 

effecto hepatoprotector de1 nucleósido. Esta sugerencia es consistente con la 

inhibición observada tanto in ~ como .iD ~ de 1a acil-CoA sintetasa (16 ,17) 

Vale la pena enfatizar en este momento~ que la actividad de esta enzima es indis-

pensable para el metabolismo de los ácidos grasos de cadena larga.En los eA~e-



rimentos con cí.cloheximida se comprobó este efecto de1 nuc1eósido midiendo 1a 

incorporación de pa1mitato radioactivo a 1ípidos hepáticos. 

A1gunos ha11azgos· interesantes se lograron t~ién,us::mdo cic1oheximida como 

hepatotó-x:i..co~ Comprobamos e1 efecto de1- -antibi-ótico · sób're.-e:L. ni.ve1 sérico de 
-.. · :: . -

ácidos gr.asas libres, que se debe a su acción ·,sobY.e __ t~jid~ ·a~i.poso aumentando 1a 

est:erifi·C·a·cf:'ór\'_(18-20) y se encentro que e1· Mtibi6tico ·tainbien al.l.IDent:a 1a esteri-
' • ··- ··-·.-e,· 

ficac~-5~:-.h~pliti-~8. de 1os. ácidos grasos disminuyendo . ..-su f1ujo hacia oxidación. 
. :···-,· ''.'' -_ 

TréltSndo ··de: pro undizar .sobre 1a acción de la adenosina sobre el metabo1ismo 

oxi.d~ti~~ se· 'óec:t~ó estudiar la función mitocondria1 en hígado 

de animales tratados con ei nuc1e6sido. Se observó que 1a administración del 

nucleósido incrementa la respiración mitocondrial y que este efecto probablemente 

se deba a a1guna alteración en la cadena respiratoria ya que persiste el efecto 

en partículas submitocondria1es. 

CONCLUSIONES 

a) La administración de adenosina evita 1a producción de hígado graso (parcial o 

total.mente) por etanol, cic1ohexinú.da, etionina y tetracloruro de carbono. 

b)E1 nuc1eósido parece ejercer esta acción hepatoprotectora por un mecanismo 

general: disminuir el metabolismo hepático de los ácidos grasos. Otras acciones 

de1 nuc1eósido pudieran estar involucradas en casos especiales:i.e., en e1 caso 

de la intoxicación etílica, por ejemplo. 

c)Se comprobó indirectamente la importancia de la movi1ización de ácidos grasos 

de los dep6sitos en la génesis de hígado graso. 

d)La administración del nucleósido ejerce una estimulación sobre el metabolismo 

oxidativo mitocondrial que involucra un incremento en la cap?cidad respiratoria 

mi tocondria1. 
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EFECTO DE LA ADE!"OSil''.A SOUHE EL H.iGADO GR .\SO 
PRODECIDO POR DIVERSOS HEf'ATOTóXICOS 

,~1cToH1A CJIACOYA DE SÁ='CHEZ •• -\.inA SAXTA~JAHÍA J)o:\1ÍKcuEz. 
ROLANDO HEn:-<Á:-<nEZ !\1e:Ñoz Y J .. .\DOLFO GAlHOÍA SÁtKz. 

Departamento d,. Biolo:::!Íu F..x¡writnc.·ntal. 111.;titutu dr Biolu~in. D~·11arton1ento de 
Bioquímica.. Facultad d~ '-ledidna; Uniu~r.-idad 1"..iriuuul Autónoma de ~1l·sic·o. 

El contenido normal de grasa en el hiµ-ado '-"5 <lt• 4 a 5 ';i _ c.·011::.Litni1h1 dt· 
triglicéridos. ácido~ grn~o!'". eolt..•SLProl y fo~folipido~. En c·onrliPionr~ d1~ 

Iuncio11an1iento h~piiti1·0 nonnal los c.-o.1nporwnlt."s lipidi1·os ~e ~ncut•nlran 
en proporcione~ con~tanlc.s. La c:apucidad de ain1m:rna111ienlo de lipi
do~ en el higndo e~ limitada y t.•slá ~ujcla a una n•g:ulación muy e~Lric_:la. 

El nivel d<" gra~n hepática rs la rC"~uhnnk de vario~ f:.tclore!"-. entre• ellos 
~eñalurt>snos: n) hiosÍnlesis de p:rus1. h) utilizariiin pan1 uhtcnt·r ener· 
P.Ía. e) tran~porte de lipjdo:-- dt· los dt•l'ú:o-itos al hígaclei y el 1 n10,·iliz:icit'"ln 
de lípido:o de} híf,!ndo n lo~ flt·púsiloi:-. Ef:.lO$ facton·~ s•· 1·1u·11p11tra11 en 
<-•quilihrio. <h• tnl mant·ra ci1u• lo~ nivclt·~ dP grnsa hL"piitiPa !"t• ntanlengan 
c-h•ntro dr. los 1í1niles norrnale~: c-unlquit.•r condh·iún que alh·n· 1·sl~ t•qni
librio ~n el sentido dt· aumentar fo fonnaeitm dt" lípido:-" t•n el hiP".:..ido. 
disminuir su utilizacjón~ <~stimular su n1ovilizudú11 ch.· los dcpú:;itos o 
in1perl.ir el tran~J,ortc dt.·1 híµado a lo~ dt·pt',~itos n•sultará en un aun1cnto 
de lipido!"- rn el híg:.ado produciéndo!"l" unn aht•raeiún mc-tal11"1lica "='onodda 
eoJno hígado gr-a~o. tnrnliién 11urnurla hrpuloPskato~i~ o c-lt:gent•raeión 
grasa tlel hígado. 

El hígado gru~o puede !'t"T de dos tipos~ fiJ;iolúgico y patológico. El 
prhncro se cnructcriza por mnnt(!ner el patrón de componenles lipídicos 
normal y por srr ~ñcilrncntc· revcrsihle; el segundo, tiene• un patrón lipí· 
dit·o anormal pre~entando un aun1Pnto C"O la proporcii1n dl'· trigli1·ériclo~ 

y ésteres· de colt"f'teroL Y purdc degenerar" en un daño hepático más 
~vero y eventualn1entt." n cirro5ÍS hepática. Este último tipo e-le hí~ado 

graso es el que di~culin•rnos en este trahajo. 
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La fn·cucnci:i t'1.c daño hepático aun1t.:n\a ·••t.1nlinuan1cnle co1no·: una 
consecuencia de fuclorc·s sociocuhurales. Entre las situaciones clínicas 
n1ás fn.~cucntcs que St! asocian a es.te póldecitnienlo tcncmo5: ln desnutri
ción.., cspcdalmenle en niño.=: que n.·cibt."n di(>las nonnocall,ricas hipopro
tcicas, con~umo s.in control dt: agentes terapéuti<.·os.., como antidt"prcsivos.., 
hipotcn~ores y tclruciclina~ n.:::.::i. n"tanejo de .-olventes orgánico~, alco
l101iF-1no~ cte. 

La corn:lac·il:tn higndo gra~L•·\:irro~is no ha ~ido hicu c::.tabh"eida '"'•:. 1 

pue="to que en muc:hos. ca!"-Os el hígado gras.o de tipo patolt1gico también 
puc<lt• n·vertir ~in que cvoluc.-ionc a cirro~i~. 5C" ~nl•c <h"'::-rle hace> tnucho 
tiempo que la ingestión de alcohol etílico. el rnás popular de lo:. hcpato
tóx.icos. <.·onduce a la hcpatueslcntos-i~ y ~(" ha run:.itlc-rndo ~-iccc~nria la 
conrotnitancia del nlcoholismo ~· la <lc;;nutrlci¡in para que ~e produzca 
ln cirrosis hepática. Sin embargo~ hace algunoFo años Lichcr,. De Carli y 
nubin tCl demostraron l!O pri1nateS qttc" 3 J>C~ar dt.-> \11\0 dieta adecuada~ 
la ncln1in.i~lrnción crónica de etanol, e~ c-npaz ele 1norlnci.r <"ll forma se
cuencial hígado graso, hepatitis y cirrosis. 

La cirrosis hepática e:; un problt:1na d~ Salud Pública no sólo en nues
tro país~ donde ocupa la primera causa de nn1crte entre 11omhrcs de '10 
a 59 años y ln quinta entre hoinbrcP- de 15 a 39 años t'7> sino en todo el 
mundo. Bástenos mencionar qut· en la ciudad de Nueva York. 1.·s la ter
cera causa de muerte entre personas de 25 :1 65 años de edad ttu. 

El daño ht>pático principia en difc1·cntcs regiones del higa.do y por 
divcr~os mecanismos .. en F>US fases inicia.les 1me:de ser re,·crsible, posibi
lidad que se va perdiendo a medida que aumenta el deterioro celular., por 
lo que se debe poner especial interés c•n el trata1niento ele las Ía!=ies rever
sibles del p1·oce!:'O. 

Duelo que los h~patotó"' ico:o po::-cen divcr!'"os n11·cnnisn1os de acciún., no 
l1a ~ido posible establecer una secuencia Iisiopatolúgicn del hígado graso. 
Sin embargo una de las prin1eras altcracionf>'s metahólicas en este pade
cimiento es una caída importante en los niveles hepáticos de ATP t 9 I pro· 
hublcmente ·por una mayor utiliz.nción de energía y/o por interferencia 
en los proce~os generadores de energía. E~tn ~ituación de ala.rma obliga 
a la economía celular a utilizar sus reservas: se produce una marc:ida 
<lesapa.rición del glucógeno liepálico 1 ~' ~· inoviliza<.:ibn de los ácidos gra
sos de los depi>sitos~ hacia el hígado uot. Algunos hepatotóxicos intcr
fic~ren en In oxidación hcpútica de Jo,¡;:. ácidos g.raJ=:os nu lo cual ocasiona 
que sean con,·crtidos en g:licéridos y s<.· acumulen. Simultáneamente al 
incremento cata.bélico los proc:-c:-:.os anab;l\ico5'. disminuyt.~n: corno la bio-
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síntesis de purinas o:n, ácidos nucleicos (JU~A) y proteínas ' 13• 14 • 2 ~> .. La 
hiosíntesis de pro1eínas es indispensable para la sintesis de lipoprotcínas 
que ,.an a encargarse de la salida de los lipidos del hígado. Existe un 
núzncro importante de condiciones que favorecen la formación del hígado 
graso, en que la sinlt:sis de proteínas es deficiente, probahlernente por 
:iporte iusuíicicnlc de amiuoúcidos~ por f.alt:i de energía o por algún hlo· 
queo en el proce.:.o de bioshllcsis proteica. 

Como todo nu:canis.mo gf;::nf;::ral~ no es posible aplicarlo estrictamente 
a c:ida caso cspc-cífico. Sin embargo }-'Udiéra.mos tratar de intei;-rar esta 
~erie de observaciones en unn ~ecuencia lúgicn de eventos Jnct.ahólicos: 

l .. Contacto con el ageute causal. 

2. Disminución de ]os proce~os generadores de energía .. 

3. Caída de Ja carga energética (ATP). 

4. Estímulo de Jos procesos catabólicos: a) glucogenólisis hepática, b) 
]ipólisis periférica y movilización de ácidos grasos al hígado. 

5. Inl1ibición de los procesos anaLólicos: a) biosínlesis de purinas: b) 
biosíntesis de ácidos nucleicos: c) biosintesis de proteínas. d) bio

. síntesis de glucógeno. 

6. Acúrnulo de Hpidos en el hígado. 

ANTECEDENTES 

Como resultado de las investigaciones realizadas en nuestro labora to· 
rio~ en relación a Jos cft:clos de ]u udenosina en el znet.abo1ismo inter· 
medio, surgió la posibilidad de que pudiera ser de utilidad en el proceso 
antes descrito, es decir en el estado de hígado graso. 

A continuación enumeraremos Jos cfeclos bioquímicos de la adeno
sina que nos impulsaron ~ usarlo en relación al hígado graso inducido 
por diversos hepatotóxicos: 

L _Aumento del 1.0'l'o en la poza de ATP, y consecuenle elevación de la 
carga energética de la ce]dj]la hepática oc;>. · 

2. Aumento de 8 veces de Ja actividnd de la glucógeno sintetasa de higa· 
do de rata U?). 

3. Aumento ·de 13 veces la incorporación de glucosa 2 "'C a] glucógeno he· 
pático (glucogénesis) CJ. 9 > 
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4 .• ~umcnto de G veces la incorpor&tción de alnnina 14 C al glucógeno hepá· 
tico (glt:JcOncogéncsis-glucogénesis) US). 

5. Aumento de 5 veces ·de la Jipog~nesis en el lejido ri.diposo dE;:l epidi-
dimo us>. 

6. -~cción B.ntilipolítica de ln adenosina in. vitro <29>. 

7. Inhibición de la activación y oxidación de lo~ ácidos grasos t=0
'. 

8. Disminución de la lipogéncsis hepática l!!U. 

Los cambios 1uetaLólicos que se oblicuen por la adrninistración de ade
nosina ~crían opuestos a Jos que oL~crvan en las primeras fases de hepa
lotoxidad ya que el efecto de Ja adcuosina sería estimular los procesos 
biosintéHcos e inhibir los procesos catabólicos (l.G>. 

Una ventaja adicional en el uso de la a?enosina lo constituye el hecho 
de que este nucle.ósido es un metabolito normal en los tejidos; se ha 
reportado a Ja concentración de 1" a 2 µ.1\1 en corazón, y cerebro c:z,!:s) y 
5 a 8 µ1\1. en hígado <=•>. La adcnosina tiene un recambio metabólico 
muy rápido <= 5 > y lo haría a través de caminos enzimáticos ya existentes 
en ·la célula (Esquema l). esto representa uno. ve~taja al no usar lof= 
sistemas de desintoxicación del órgano dañado. La vía' de dcsaminnción 
del nuclcósido (adcnosin::i dc:an1ina~a) para la obtención de inosina, fun· 
ciona activamente en el tejido lwpútico c::c;)• no así la de fos-forilacié>n 
para la obtención de Al\IP (adrnosina cinasa) <=e;>. En el tejido hepático 
existe una enzima muy relevante en el metabolismo de la purina (hipo· 

Acido Urico 

EsQVEM.A l. J\.Ietaboli.smo de la Adenosina. l. 5• Nucleotidasa. 2. Adenosino cinasa. 
3. Adenoi;ioa dearninas. 4. Nucleósido fo~forilasa. 5. Hipoxantina. fo..c:.. 
fnribosil transfera~. 6. Xantino oxidasa. 

;;. 
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')1;3nlina fosforril1o~il tranfe,.a~a) t:!cH quC" cat.alizu Ja lran·form~ción de 
J1jpoxanlina a . U\1 P~ c._o;,ta aeliYidud rurrt_·sponñc nl "c:arnino dt.- sa1Yación 
de las puriuas"'" o :-oca el can1h10 <1t.-· 1·cuti.lizaciún de los n..·.~iduos de purina 
para reO"c.•nt:rar el nud~ótido de adcniua. De loF cft·clu::- dt= la adcnosina 
que sir~ .... cn como base a este proyecto cliscutin.:ruos miis a1npliatncnlc 
algunos de ellos .. 

l...inu dt: lo!:" n1t~r.ani~1nns grneral1~s postulado en" la producción del hí
gado gra~, es la ~aí<la de la carga t~11crgétic.u •::":".::!'!'-~- nu<>s-tru grupo fue 
el pri1ncro en demo:=.trar que la nd1ni11it"tr~"lción dt· i1denosina e~ capaz <le 
incrementar notablcn1cnte la carga cner·gética del híga<lo t

1
'".. H:-1ct? algu· 

no5 años Farhcr y col6. f!!PI re·virtieron el higndo grat:-o producido ¡'lar 
etionina con dosis grande~ de .-'.TP. Posterionncntc. Hyam.s t.,• l!"-sclha
cher <=9 > den1ostraron que el ATf' es capaz de revertir el hígado graso 
producido .por otros hcpatotóxicos. Sin cmLargo, cuando el . .\.TP es ad-. 

-. ministrado a dosis inodcrndns_ ~r n~cupcra la carga energética pero no 
se evita el hígado graso <30>,. lo cua.1 sugiere la participación de otros n1e· 
canismos. 

Se ha observado que los triglicéridos acumulados en el hígado en la 
hepatoesteatosis son ricos en ácidos grasos esenciales y que su composi
cjón es similar a los del tejido adiposo 110

•
31

l. Estos datos seiinlan q·uc· 
la Jnovilización de los ácidos grasos de los depósitos (tejido adiposo). 
tiene un papel n1u,· importante en la etiología del hígado graso. La. ade
nosinn es un inhiÍ.Jidor de la lipólisis .en el tejido adiposo O.M y Fain. 
Pointer y \'Vard l 3 :?> han sugerido que la :idcnosina puede tener un papel 
regulador fisiolúgico de ln adcnilciclasa de tejido adiposo. 

La acción esperada de la adenosina no está únic:an1cntc en la posible· 
<lisrninu~ión de la afluencia "de iicitlos grasos de los depósitos nl hígado. 
Parn que éstos sean rnctuboliza<los, deben ser convertidos a és.teres de 
coenzimn A por acción ele la tiocinasa. Estudios recientes nos han demos· 
trado que Ja adenosina Cs capaz de inhibir a esta enzima activadora de 
los ú.cidos grasos 120> impidiendo en esta {orina la utilización de los áci· 

'; dos grasos para la biosintesis de triglicéridos ·y para su oxidación. 

TIESULT.AflOS Y DISCUSIÓN 

Con estos datos en mente se inició una exploración general de la acc1on 
de la adcnosina frente n ·varios agentes hepatotóxico.s, con diferentes me· 
canismos de acción1 a dosis y en tiempos. rccon1cndados en la literatura. 
Como sujeto experimental se u_saron ratas machos de 130 a 200 gms. de 
Pe~o corporal con un peri~do de ayuno de 1 G a 20 horas. Para valorar 
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<.•1 higa.do graso se clctcrrninú la l.·antidad de Lrigli1:éridos hcpi'tticos por el 
método de Butlcr., y cols. i:t31 _ La a,lt_ .. nosina se adruini.f-tr6 ~n suspensión 
en NaCl 0.85$"'0 ., pH 7-4. a una do~is de 200 mg/Kg por ·da intraperito
ncal. óptima en nuestros estudios n'lelnbólicos previos. 

Lo:; hcpalotóxi1:0=- pr-uh:ulo~ -fueron: la ciclol1c::-..imid~ la ~tionina., el 
t·lanol v 1...·l lctradoruro e.le c-nrhono. La (.·jduhc:s.iinida es un inhibidor 
de la ~inte:-i!- 1.h' proteinn::: c-:itoplá~nlit·as, ~e po~tu\a que produce hígado 
graso, al hloqurar la ~intcsis 1le \u~ lipoprotcinas. indi:=peti.s:.nbles para 
la rno,·ilización de tTigli1~t·ridns lwp:.íticu:_;. i:u, 3

:-•). Sin crnhnrgo este n1cca· 

ni~mo co1no único n·spon~able de la l1c-pa\oes\C'atosi:: inducida por ciclo
hc::\.imida ~P ha put·~tn t•n <luda rccicntc1n'-"1\!c poi Sabcsin uu:;' qui.en de-
1nue~tra, u~anclo .:u .. ·1·l1t"Xh-idohc:xin1ida que la inhibición de la síntesis de 
proleinn lll'pátira no P~ f.UficiPnlc para producir acu1nulación de trigli
céridos rn el hígado 13

G
1

• Por otrn pnrtc~ en nuestro lahoratorio hemos 
.observado que la ciduhex.ini;ida rs. capa:t. de incrementar el proceso de 
.cslcriíicación en tejido adiposo u 7 • 3 "->; tal vez este mecanismo participe 
.en el hígado. En n.U!'slras condiciones cxperin1cntalcs la cicloheximida 
produce un incrcn-icnlo del 325% en la cnntidad de triglicéridos hepáti
<"OS. La adminÍ5-lrnción sirnultñnc-a de adenosina c,•ita este proceso {ta
bla 1). 

La ctionina ($ un hepntotóx.ico que produce el hígado graso al dcpletar 
de ATP a la celdilla hcpñtica, produciendo en íorma secundaria una inhi
bición de ln síntcsi~ de proteínas i:i 9 l. En ln tabla 11~ se aprecia el incre
mento en ln cantidad dt.• triglicéridos hepático~ que produce esta sustan-

TABLA l. EFECTO DE LA ADE"OSlNA EN LA ACUMULAClON DE 
TRIGLICERlDOS PHODUCIDA POR LA ADMINISTRACION DE 

ClCLOHE..Xll\lIDA 

'Tr3tnmiento 

:.Salina + salina c:.i 

Salina + ndcnosinn <:.l 

Cicloheximidn salina (5) 

Nh:el de Triglicéridos 
1-lep&ticos 

mr;/s 

2.99 ::!:: 0.27 
2.28 ::!:: 0.38 
9.74 ::!:: l..04 

·Ciclohexirnida + adcnosinn l!U 3.30 :±: 0.41. 

<0.2 
<0.001 

<0.6 <0.001 

• ,.s. salina + !'-alinn: •• ,.s. c:iclohcximi:da + !'>a\in~. Se administró ciclohcximi:da 
a dosis de 3.3 mr;:/Kg intrapetiloneal. Lo!' animales se sacrificaron 4 horas después 
•ºel tratamiento Lo!" rc~uhado..; !!'e expresan como el pron1edio := el error estándar 

.del &!TUJlO. 
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T.~RLA IL EFECTO DE LA AÓENOSINA EN LA ACUl\IULACION 
DE TRIGLICERIDOS PHODUCIDA POR LA AD?.UNJSTRACION DE 

ETIONINA 

Trntnmiento 

Salina + !"alina <tJ 

- Salina + adenosina U:r) 

Etionina :=:: ~alina uo> 
Etionina + adenosina 1101 

Ni,,e] Je Trigli<:l-ridos 
Hcpi:í1icos 

mg/a; 

2-44 = 0.49 
3.75 == 0.74 

10.70 - 2.66 
2.35 0.44 

p• 

<0.2 
<0.01 
<0.9 <0.01 

• ,.!". !'alina + salina: •• '~ ctionina -7- Foalinn. Se adn1inistró etiunina a dosis de 
1 ¡;/k:; intraperüonca1. Lo;.; aninu1lt-_ .. !";t• :.ucrificurun 5 horas dc!'pu~s dt:l tratamiento. 
Los dato!! ~ expresan c-c1n10 el promt-dio =:::: el error rstúndar del i;rupo. 

cía •Y cómo es evitado por .Ja administración simultánea de adenosinn. 
A pesar de l:::er el etanol e] hcpalotóxico más conocido y uno de los 

rnás estudiados~ no se conoce el 1nccanisn10 exacto por el cual produce 
hígado graso. Actualmente se acepta que Ja avalancha de equivalentes 
reductores que produce su metabolismo e!::' en grnn parle responsable del· 
daño que ocasiona C!ID>. La administración de una dosis elevada de eta· 
nol produce un acúmulo de triglicéridos _en el híga?o .. con10 puede a pre· 
ciarse en la tabla 111~ la admini!'-lración simultánea del nuclcósido de la 
ndcnina revierte parcialmente e] proceso. 

El tetracloruro de carbono es un tóxico que actúa fundarncntalmcnte 
peroXidando los lípidos microson1ales <40

'. Los mccanisrnos más acepta-

TABLA JU. EFECTO DE LA ADENOSINA SOBRE LA ACUMULACION 
DE TRIGLICERIDOS PRODUCIDA POR LA ADMINISTRACION DE 

ETANOL 

"J"ratcmicnto 

Glucosa + salina (C> 

Glucosa + adenosina h> 

Etanol + salina l1') 

Etanol + adenosina º' 

Nivel de Trig:Hcéridos 
Hepáticos 

mg/i; 

2.69 == 0.39 
3.09 == 0.40 

10.34 == 1.44 
5.37 == 0.41 

p• 

<0.5 
<0.001 
<0.005 

p•• 

<0.01 

vs. J?lucosa. + salina; • • ''S. etanol + snlinu. Se administraron clunol a dosis de 
5 g/K.g o el equh·alc-nte calódco de glucosa por vía ornl. Los animales se sacrifi· 
c.&.ron 8 horas después del tratamiento. Los datos se expresan como el promedio ± 
el error estándar del grupo. 
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dos que median en la producción de híg,ado graso vor este tóxico, son: 
:ihatimicnto de la carga ciwrgética <::!sl~ incrcnwnlo <le la lipúlisis en los 
cl~pósilos. debido n la lihcración de cn.lccola1ninas Ut) y alteraciones en 
la n10,;1iznción de triglicéridos l1cp5.ticos < .. ~,_ La tabla 1·v., 1nesenta los 
elatos ohtcnidos. ron tctradoruro de c;u·hcino y la reversión parcial <le su 
efecto por la adtninistración de adc?1o~ina. 

TABL.A ¡y_ EFECTO DF.: LA _.\IJ:E--.:O:"l'A sor.HE LA AC\JMULACION 
DE THIGLlCERIDOS PRODUCIDA T'OR LA ADMIN1STRACION DE 

TETTIACLOHUHO DE CAHBONO 

"l. ratnmiento 

Nujol + salina n> 
Nujol + adenosina t":> 

cc1.. + salina (":) 
CCl, + adenosina (C) 

:"ivcl J.,. TriE!-licérido: 
Hcpátic-o!-

m~/!:! 

2.83 - 0.57 

3.1.3 ::!= 0.27 
1.7.01. :::!:: 2.60 

7.73 - 1..14. 

,... 

<0.7 
<0.001 

<0.005 <0.01. 

"' '\'e. nujo) + snUna; •• ,,.~ CCJ, en nujol a dol'-is de 5 ml/Ks o un '·olumen equi. 
vulcn\e de nujol. Los animales !-e t.o..:rHicaron 6 hs. deE.pués del uatamicnto. Los 
d::1os se cxpr~san como el promedio =. el error e~uindar del grupo. 

Consiclcrando qu<.: lc1s hcpato1fr,ico~ ensayados actúan en varias for
lllas., no ~s factiL\c pensar que a su vez la aclcnosina actúe por un meca
nismo diferente antagonizando a cada hcpatotóxico; es decir., deben 
existir mccnnismo!= generales C!l. la producción del hígado graso que son 
inhibidos por el nucleósido. Existe el problema de que tanto los tóxicos 
corno el nucleósido tienen múltiplt.:s efectos y sólo el estudio meticuloso 
d~ ellos nos puede conducir a conocer los procesos involucrados y su 
i.mportancia relativa dentro Ocl contexto gencn:11. Nue5tro esfuerzo actual 
está dirigido a la caracterización de l"slos fenómenos~ y esperamos que 
]n integrnción de las acciones mct.ahl,licas d~ la :idenosina~ estudiadas 
por nuestro grupo y OlTOS, 110~ v.yuclcn C"O la hú~qucd.'.1. fie los n1ccanismos 
1nolccularcs comunes a los distintos hcpalolóxicos y que puedan ser res• 
pon5nhlcs de la alteración mctahólica conocida corno hígado graso. Por 
otra parte abrigamos la esperanza de que la ndc11osina pueda ser de 
utilidad práctica para su trntamicntc"1 en los humanos. 

El apoyo econótnico para la realización de este trabajo es proporcio
nado por el Conf-ejo Nacional de- Ciencia y Tecnología~ PNCB 0044. 
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The administrat.ion of adenosint' partially pn•vented a.nd rf'verted the ethannl-induced 
fatty liver. The hepat.ic o·¡?lycerophosphate concent.ration and the o-c:lycerophos
phate/dihydroxyacetone phosphatl! ratio v .. ·ere significantly incrcased after ethanol nd.rnin
istration. The nucleoside decrea~c·d "-ith rat.io and enhancl'd tht! oxidat.ion of ethanol. A 
strong corrclation bctween the cy1opla..c;.mic redox F.t.ate and the amount. of triacylglycerols 
in the liver was found (8 h after treat.ment..s) st.res.sing the paran1ount i.mportance of the 
redox. st..ate in the pathogenesis of ethanol-induced fatty livcr. Af". pre"·iously reported. the 
nucleosidr expanded the udenint!' nucleotide pool size and the hepat.ic ATP leveL Et.hanol 
polentiat.t-d these effects. lt Ü• su~gested that 1tdenosinr amc1iorated t.he ethanol-induced 
fatty liver throuE!h an increased utiliz.at.ion of reducin¡::: equivalen t..."' by the mitochondria. An 
interdcpendcncc of these effect..."' is prOJ.JO!-.t.-d and di:-.cus...,ed. 

It is well knov..·n that an acute adminis
tration of et.hanol causes a reversible fatty 
liver, charact.erized mainly by an accumu
lation of triacylglycerols, both in humans 
and in experimental animals (1, 2). Aft.er 
the ingestion of ethanol a nurnber ofhepatic 
functions are altered, due partially to the 
change in the cyt.osolic redox st.at.e 
(NAD+ /NADH) produced by its met..abo
lisrn. Sorne revie"vs treating t.hese processes 
have appeared (3-5). It. has also been re
ported t.hat a decrcase in the hepatic ATP 
leve} accornpanies the fatty livers produced 
by ethanol and other hepatot.oxins and t.hat. 
the administ.rat.ion of high doses of ATP 
prot.ects a(!ainst acute fntt.y Jiver (6). Thus, 
it has been proposed t.hat A TP depletion is 
an import.ant fH.ct.or in the pathogenesis of 
fatty liver. However, it.s import.anc::e has 
been quest.ioned by s~veral authors (7T ·s). 

Previous work has shown t.hat. the admin
ist.rar.ion of adtnosine produces a marked 
increase in t.he hepat.ic energy charge in 

1 Thi~ rcscarch wa....; part.iaUy supµort.t.-d by Grant 

;:.:;:c~=lo~!~ from.;~e Consejo !\:acional dt.> Ciencia. y 
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vivo (9). This finding has been confirn1ed in 
vitro in perfused rat liver \10). liver slices 
(11), and isolated hepat.ocyt.es (11. 12). 
Moreover, it ha.s been proposed that aden
osine is t.he most ready prt!cursor for the 
S)"'Tlthesis of nucleot.ides in the intact. cell 
through thc salvage pathv.·ay (12). Never
theless. t.he mechanisrn by Vl.'hic:h adenosine 
increases the hepatic energy charge has not 
been clarified. 

The present investigntion v.:as under
taken in an effort t.o get. a clearcr pict.ure of 
the pathogenesis of the ethanol-induced 
fatty liver and of t.he participar.ion that. the 
depletion of ATP has in iL. 

J\..1ATERIAL.S A!"D J\tETHODS 

Adenosint.o, zt-olite. gluco1't.•-G-pho~phatc dchyd.ro
f!Cnlli'>e, lact.lc dehydrogenltse, hcxokina...;c, pyruvate 
kinasc, nnd myokinu.. .... ""''ert.• obta.inc-d from thc Sigtna 
Chemical Company tSt.. Louis. Mu.L o-Glycerophos
phatt- rll"hydrogena. .. e. nuclt.!-otirles. and ctit~nzyrnes 

wt-re purchH-hed frum Bochrin~cr and Sochne CMann
heim). The other chcmicals ust.-d -werc reagcnt. gradt.-
of t.he best. quality availab}c. 

Tht.- t:xperiincnt_..; wert:- JH:rformcd v.·ith mal•· Wistar 
rat.s wei¡::::hin¡::: b~rwecn 110 and 210 g which had iast.Pd 
for 16-20 h. 'Tñc et.hanol j!iven wa..-.;u 63<.:;- (v/v) solut.ion 

0003-9861/78/1901-0155$02 00/0 
Copyri~ht © ]978 by Academic Pre ...... lnc. 
Ali rii;::hu. of r~prc.duction 1~ lln.v fonn rt>-rved. 
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in watt..·r :Jdtui11i:.tt"r~d thruu~h n stunHH.:h tul u: at rlu~t'S 
<1f r, g:/kg: hody "'-t~ig,ht. Control aniinali- rt.·t:t.¡. •. ,_.d nn 
ÍMH.·aluric do!"t• of glucu,..t:- (9.3 g/kg hody wcight). ln1-
0H.•diately nftcr ga....;tri<-· intulJ¡:ition 1hc ~ni11ial:-:o "'°"re 
injt.-ctcd intra1writorn·:dly wi1h ~alint.· <O.H!J•,; NaC)) or 
H<lcno:-:oinc ""u .. ¡wudt.·d in ~:~!iiu: 120 u1g:rn1J and :td· 
jUl•tl•d to pH í.4. at dt,. .. ._.,.. uf :!OO n:g.'kg: 1 .. ,dy wt·iJ!ht. 
·rt1c otht•r cc•nditiurt!-" u!--t.·d <VT i11di1_f1t•_•d in thl.· fi¡!urc!' 
und tables. 

To <tunntif_.,· tlu· ctha!H.Jl ;,nd lipi"<l!" in ttu- l1lut)d. tl1c 
anUnal~ Wt.•rt- cit.·capit.all·rl a11d <-·x...,¡u1¡:-uinatt-rl. Ht•putic 
triac;o..·1cl;o..·c:crol!" wt.•n· ,i ... tt·nnint·d by th1· n1r·thod of 
Butler et al. (]3). S1·run1 t.riaeylg"ly<-·t·rnl!" and ~erurn 
frct" fatty ucid~ ""en: quantifi~·d u--ing tl1t• JJ•l'thod:-:. of 
'\'an Hanñcl anñ Z.iJ,·t·r~n1it 114J and Dole and !\1ei· 
ncrt.z. (15). rt•!'>pt.•ctivcly. Bl11od t•thanul wa!" t•stimatc-d 
t.-nz.:.,-natic:ally (16). Tn rir-tC'rnli111;: adt:ninc- nuclt"ntidcs, 
inorganic phosphate. '-'GP,:: and DHAP in thL- liver, 
thc nnimals were F.ncrificed by a blow on thc head. 
Thl:: ahdomcn wa...-. imnwdintely oµened with a bi.i:;tour;y 
a.nd }fiÜ-~()() ITII; OÍ liver Wt•rt:" hlJillUgcnizt:>d in Gs:;, (w/V) 
perchloric a.cid within 4-7 i-.cc nftcr the abdominal 
incision. o·Glyccrophosphatt: and DHAP WC"Tl:: <letcr
mined a.ccordini:; to Hohorst (16) and Hucher and 
Hohorst. (17), re:-.pt.•ctively. ATP wa~ quantified using 
the tcchniquc- of Lrunpn•cht and Trau~C'hold ( 18). 
ADP and AMP Wt•rc c5;tinrnted by tht:' method of 
Adrun (19) and irH:ur¡.;anic phosphate accordini:; to 
Grindey and Nicho) (20). 

The energy cha.rge of thc ;uh•nylntc systcm was 
calculated uccordinR to Atkinsun {21) aud thc phos
phorylat.ion potential Uh tlescribcd by Stubbs et al. 
(22). Th~ NAD"" /NADH rHtio wa,i,. c.<s.lculatt-d with the 
equilibrium const.a.nt of the glycerophosphnte drhy
drogtma.o;;c obtained by H.üssman (23) nnd takcn frum 
the paper by '\yt-cch et al. (24). St.ati!->t.ical significnnce 
between co1nparable ~roups wu.s determinl"d by the 
StudcnCs tel"'t. Linear rf"gressions "'"'ere cnlculatcd by 
the method uf lea.o;;t. squares. 

RESULTS 

The adrninistration of ethanol produced 
an alrnost 4-fo]d increase in the amount of 
t.riacylglycerols in the liver S h aft.er treat.
rnent. (Fig. 1). Th~ sirnultaneous adminis
tration of adcno5ine nearly blocked t.his 
effect (Fig. 1) .. Tht- dif-ferences betwcen the 
groups treated v.--ith et.hanol + saline and 
t.hose treated '\ ... ·ith ethanol plus adenosine 
were statistically significant at 4 and 8 h (P 
< 0.005 and P < 0.01, respectively). Aden
osine alone produced only minor modifica
t.ions in t.he hepatic t.riacylglycerol content. 
(Fig. 1). 

:: Abbrc,.;ations used: uGP. a--glycerophosphatc; 
DHAP, dihydroxyacet.one phosphat..e. 

-- + 

,.111o1c thouu J 

Fia. l. TirnP-course of the effect of et.hanol and 
1tdenosine on t.he hepat.ic concentration of t.riacylglyc
crols. 0--0. glucose + salinL>; ~. glucose + 
adenosine; ó----~. et.hanol + saline; .A..----.A.., cthanol 
+ adenosiue. V crt.ical bars reprt-!'ent the st.nndard 
error of the mean of at lea...c;t fivc animals. 

The possibility that adenosine might be 
able not only t.o prevent the ethanol-in
duced fatty liver but also to revert it was 
aL<;o tested. Adenosine was inject.ed six 
hours aft..er the adminh;tration of ethanol 
and the animals were killed two hours lat.er. 
The nucleoside v-.·as found to revert the 
fatty liver significantly under these condi
t.ions (Table l). Suhsequent. d(~t.erminations 
'"rere made 8 h aft.er the simult.aneous ad
ministration of et.hanol or glueose and 
adenosine or saline except where indicated. 

In t.he ethanol-induced fatt.y liver most of 
the fatty adds in the accumulated t.riacyl
glycerols derive from adipose t.issue (25). lt 
has been proposed that the underlying 
mechanism is an increased mobilization of 
free fatty ucids from t.he depot....c;:; (26). The 
possibiliiy of adenosine decrcasing t.he n10-

biliza'tion of fattv acids wa~ tested since it. 
is kno'"-'TI that the nucleoside is a pot.ent. 
inhibit.or of lipolysis in adipose t:.issue (27~ 
28) and it has been suggested that it might 
play a role as a regulator of adenylat.e cy
clase activity (29). The resu]t.s are pre
sent.ed in Tab)C:" Il v-.·here it can be seen that. 
none of the t.reatrnent.s modified to an ap
preciable ext.ent t..he co1u;entration of free 
fattv acids in the plasma. 

Another possible explanation for the ac-

( 
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TABLE 1 
PANTIAI~ RF.V1':KSIOS OF TH1': ETliA .... '>t.-1:-onucJ-:D 

FAm· Ll""f-;R HY i\u .. :~os1sE .. 
---~T~r-t:atmt:nt Ht:µati·~-t-;i~eyl-~IY<.·t.c-roL.;-

Glucose + !'aline 

frng/g Wrt w~~~ht) _ 

3.09 ±: 0.43 
(9) 

Gluco~ + adennsine 3.34 :!: 0.79 
flO) 

Etha.nol + ~ine 12.R5 ::!: 2.16"' 
(1)) 

Ethanol + HdPnol"ine 6.95 :t: 1.11 ... n 
(10) 

• Ethano) or ¡:1ucost: wai:; admini<>ttrt-d ~ h hrfure 
~crificing and ndeno~irw or sa.lint:" 2 h befurt: M-tcrific
ing. Thc rt-suJt..c;: are t>Xprc!'-. ... od a.e;: thc n•t,an :::. t.ht> 
standard error of t.ht_• nwan "·ith tht> nurnher of ubst:'r
"'ations in pa.rentht:"scs. 

"P < 0.001 co1npar~d to the gluco~c + s.a.lfu~ ,.;roup. 
r P < 0.005 compartc>d to the g1ucuse-+- sa.Jint:- group. 
d P < 0.05 <.·on1pared to the ethanol + salint:- J!TOUp. 

TABLE II 
EFJ-"ECTS OY ETHANOL OR GLUCOSE ANO Ar>ENOSJSE 

OR SAL1NE ON SENL'M LlPIDSª 

Trcat.ment Free fntty UC"ids. Triacylglycerols 
(µEq/lit.erl (mg/100 mi) 

Glucose + salinc 361.~0 = 41.04 56.09 ±. 6.53 
(5) (4) 

Glucost.' + adenu- 444.51 :::!:. 2G.23 5~.82 ::!:: 3.74 
sine (4) (4) 

Ethano) + satine 368.68 =. 20.50 101.26 =. 12.85" 
(5) (6) 

Ethanol + urleno- 3Y4.68 ±. 29.14 60.96 ±. 3.28"" 
sine (6) (5) 

ª The result.s are exprt_~s...,ed ª"' the mean =. the 
standard CTTOr of t.he nwan v.;th the number of obser
vations in parenth~ses. Octcrminations were m"adc 8 
h aft.er treatment. 

• P < 0.02 compared to the f;lucose + saline group. 
r P < 0.02 compart.'d to the cthanol + saline group. 

tion of the nuc]eoside on the fatty liver is 
that adenosine increased the relea.se of tri
acylglycerols by the hepat.oc~'t.es. Thus, the 
arnount. of serum triacylglycerols '-\."as quan
tified. Ethanol produced a hypert.riacyl
glycerolemia (Table IJ) as has been previ
ously shov.'n (5). Cont.rary to what. ""ªs ex
pected. the administ.ration of adenosine to 
ethanol-t.reat.ed rat.s did not enhance the 
lipemia hut. rather decreased it t.o normal 
levels (Table ll). Adenosine alone had no 
effect. on this paramet.er (Table 11). 

Ethanol decreases the cyt.op1asmic 
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NAD .. /N.A.DH ratio. rrhis effect. results 
from the oxidation of ethano] by NAD+ 
acting through a1eohol rlehydrogcnase. In 
the liver this cy1op]a:.;n"lic cnzyme shares a 
comn1on NAO+ pool ·with lact.ate and o·GP 
d~hydrogenap.es and is in cloF-e t."'quilibrium 
v..-ith them (30). A.s a eon~equence, ethanol 
met.aholism increaF-c.'"F- the ]act..ate/p~TUvate 
and aGP /DHAP ratios '\vhich reflect the 
c~1oplasn1ic.· rtdox st.ate (24, 30). rrhe time
course ac-tl.._·Jn of ethanol and the nuclt.4 oside 
on this pararneter '\'1-'a.c; studicd and the re
sult.s are pn·sented in '"rable 111. A.e; ex
pPcted, the arimini:-;;tradon of ethanol 
caused an accurnulation of the reduc:ed me
t.abolite and the injection of ndenosine par
tially blocked this effect at ali the times 
"Lest.ed (Table 111). The administ.ration of 
glucose and adenosine did not n"Jodify the 
cyt.oplasmic redox st.ate (Table 111). Fur
t.hermore~ strong correlat..ion ·was observed 
betlh'ecn the arnount. of neutral fats and the 
cyt.oplasmic redox state in the liver 8 h after 
treatment. as pre~ented in Fig. 2. 

A decrease in ethanol metaholisrn by 
adenosine could explain t.he observed 
changes in the redox st-at.e (Tablt- 111) but. 
as a consequence. the blood levels of 
et.banal should be higher. lt '""ªs found that 
adenosine did not produce any increase in 
the blood 1evel of ethanol concurrent. lh'ith 
the increase in the NAD ... /NADH rat.io 
<Fig. 3). On t.he contrar) .. it '\vas observed 
that the adrninistration of the nucleoside to 
ethanol-treat.ed rats produced a faster re
coverv of motor coordination in t.he ani
rnals. ·The possibility that. a.denosine might 
increase ethanol oxidation v..·as considered. 
It. '"·as observed that 12 h aft.er et.hanol 
administ.ration the blood leve] of et.hanol 
'\vas lov .. •er in rats treat.ed '\Vit.h adenosine 
t.han in the group treated ,..._·ith saline (P < 
0.005) and the b1ood et.hano1 clearance v.·as 
about. 20% higher in rat.s treated ,-.·it.h tht' 
nucleoside (Fig. 3). In addition. ,-.·hen the 
dose of et.hanol '"·as diminished to 2.5 g/kg 
body v..•eight. t.he blood ethanol leve] "vas 
lov..·er in rat.s treated "·ith adenosine 8 h 
aft.er the adrninist.rat.ion (5.66 ::!::: 1.11 nlM in 
the ethano] + saline group and 0.90 ± 0.26 
mM in the et.hanol + adenosint g-roup: n"Jean 
± the st.andard error of the mean of five 
animals, P < 0.005). 
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TABl.E 111 

o Nvne ll-4.30 ::'.:: 28.74 :t.;.88 :t. 7.:m 5.3 ]4[15.8 
(5J (5) 

2 Glucose + s..-i.Iine J 85.85 =. 13.67 :tS.6h :t: 3. 76 4.8 15U9.2 
C5) (51 

2 Gluco:-.e + adcnusine L".8.43 :!: 26.14 41.47 :!: L54 4.5 1694.3 
(6) (61 

2 Ethnnol + satine fif..t .• '13 ± t-17.:.?2" :i3.7l = 3.89 19.0 3~0.3 

(6) (6) 

2 Et ha.no) + adenosinc 420.14 ±. 3.Y.65"·' 40.03 :::t. 4.76 10.5 7:.J2.fi 
(5) 15) .. Glucuse + salint.- 185.94 = ) 9.08 33.17 ::!:: 6.80 5.6 1371-2 
(6) (6) .. Glucose +- adenosinc 206.0J ± 27.26 30.78 ± 5.83 6.7 1149.8 
(5) (5) .. Ethanol + sa.line 708.67 ± 4 1.07" 33.66 ::!:: 7.53 21.l 365.4 
(5) (5) .. Ethanol + adenosine 51 5.26 ± 60.3G '1' 39.89 ± 3.97 l!!.H 595.4 
(5) C5) 

B Glucuse + satine 218.65 ± 25.09 24.70 ± 4.24 8.9 869.2 
(5) (5) 

B Glucose + adenosine 284.05 ::!: 43.35 3J.91 ± O.GS 8.9 864.3 
(5) (4) 

B Ethanol + satine . 1163.JO ± 79.45" 26.41 ± 5.14 44.0 174.7 
(5) (5J 

B Ethanol + adt-nusine 801 .5Y ~ ·12.28'.r 3G.28 ± 8.8G 22.1 a4R.2 
(5) (5) 

"Thc rm:;ults are expresscd a~ thc mean:= thc standard error of lht" n1ean v.·ith the number of obscrvntions 
in pnrentheReR. 

"'P <O.OC}] compar~d to thc glurose + salim.• ¡'.!roup (2 h). 
r P < 0.05 comparrd to thc ethanol + !'mlinc ..:roup (2 h). 
"P < 0.001 cornpart!d to tht.• glucost" + satine group (4 h). 
• P < 0.05 con1parcd to the ethanol _+- salinc group (4 h). 
1 P < 0.001 cornparcd to the glucose + salinc group (8 h). 
"P < 0.005 compared to the cthanol + saliuc J.::roup (8 h). 

The hepatic content. of adenine nucleo
tides and inorganic pho.shate v..·as studied 2 
and S h after treatment. (Table IV). Tv..·o 
hours aft.er the administrat.ion of Hdenosine 
the 't.Ot.al arnount of adenine nuc1eotides? 
ATP and t.he energy chargt.: were increased 
(Tables IV and 'V) as prtviously report.ed 
(9) (P < 0.02, P < 0.01, and P < 0.02, 
respectively). lt was also obsen.·ed that. the 
nucleoside decreased the hepat.ic c:ont.ent of 
inorganic phosphate (31) and mag-nified the 
phosphorylation potcntial <Tables IV and 
V). Ethanol elevated both the level of in
organ.ic phosphat.e and the levtl of AMP 
(Table IV)? the simult.aneous administra-

tion of ethanol and adenosine produced a 
furthtr cnlargement in the adenine nucleo
tide pool size and not.ab]y inc.:reased the 
leve! of ATP (Table IV and V). However. 
all thtse effect.s were transient. because 8 h 
after trcatment no si!!nificant differences 
were observed (Té:ibles I'V and V). 

DISCllSSIO!' 

The ability of adenosine to prevenL (Fi{!. 
1) and even t.o part.ially revert CTab]€." l) the 
et.hanol-induced fatty liver does uot seem 
Lo be related Lo changes in the rriohiliz.at.ion 
of lipids either by adipose ri.s...c;ut:! or by the 
liver. The level of serum free fatty acids 
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Fic. 2. Corrclat.ion betwe-en t.he c~"'toplasmic rcdox St.:llt' and t.hc- azuount of triacy!~lyc.:t.•roJ,.. in 
the liver 8 h afler t.reat.ment. The data were taken from Fig. 1 und Table 111. R,•¡;rc~io11 ~4untiun~ 
and correlat.ion coefficients are: (panel A) .J' - 0.21.:r + 0-94. r """ 0.99; (panel B) .·v = 0.00H..l. ....- 10.4':. 
r - 0.91. 

F1a. 3. Blood cthanol concentration in rats treated 
eit.herwith sa.line or 11deno.!=ine. Vertical bars represent 
the standard error of the mean uf at least four anirnals. 
Regrt."ssion equations and correlation cnefficienL<;. were 
calculated omit.int:: the dala for 2 h. 6--.D. rthanol • 
+ saline: ;y - 4.71.x + 77.28. r = 0.94: A.----Ar. cthanol 
+ adenosine y ""' 5.78.x + 80.:.i.S, r s:o. 0.95. 

wa...c;:. not. rnodified by t.rcatn1cnt. v..;th aden
osine (Table 11) and th~ content of serum 
triacylglycerol~ v..·as altered by the nucleo
side in a dir~ct.ion opposite to that expected 
from an incrcase in rnobilizat.ion (Table 11>. 
In the presence of a moderately faT.ty liver 
adenosine decreased the amount. of t.riac
ylglycerols in the serum to normal levels 
(Table II and Fig. 1). These result.s suggest 
that. the out.put of neut.ral fat.s by the liver 

is not a proces.s that follo'-\.'S first order 
kine-r.ic..c;. and that therefore therec- exist..s a 
threShold in the producrion of alcoholic 
hj"Perlipemia. At any rat.e, in theF-e experi
ments it is not possible to exclude the in
t.eraction between organs. The ~erum levels 
oftriacylglycerolF> might not reflect. the liver 
output but. a balance betv.:een production 
and utilizadon. Obviously a n1ore direct 
approach ""-ill be necesf;ary t.o clarify thl": 
point. 

Ethanol rnay profundly innuenct fret 
fatty acid and triacylglycerol transport. lt 
has been observed that in rat.s rendertd 
h:yperlipernic b_y cthanol feeding. tht
lipid/prot-ein rat.io of the lipoprotein~ of 
density <1.006 approaches that of chylo
microns. but the site of ori::.,rin of the~e par
ticles has not been cleduced v..•ith certainty 
from physical or chemical charactCo>ri:::.tic~ 
(5. 32). In addit.ion, it haF- bten obser..:ec! 
that ethanol c·au:.-;es the liver to n.·ceivt.~ an 
increa~ed flov.· of blood that produc~s an 
increase in the hepatic upt.ake of fatty aeid:;; 
(33). 

The n-iost cha.racteristic~ meLaholic: alt.er
ation ciuring ethanol oxidation is tht- dt-
crease in the NAD• /NADH ratio in tht: 
liver. In the pre.scnt v..·ork (Table 111> thfr 
effecL ~·a.-;; evaluated a._..:: an increasc- ir. t.hc_
hepatk oGP/DHi~.P ratio. Ethanol pro
duced about a 4-fold increa!->e in t.he 
aGP/DHAP rat.io and in tht ethano1 + 
adenosine t.reat.ed group a decrcac;e in t.his 
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TABLE; IV 
Et·¡.·i-:(..-r oF ETHANUL oR Gi...ucosE ANU A1J1·::-.:ostSE oR SALll"'E os THt: 1-h·:PA'l'IC LEvr:LS Of" Ani-:Ntt-:E 

N°l.'Cl-EOTJOES AND }r..:OttCA?'OIC PHOSPHATEª · --n;;,-;----~~--------·~p-------AJ5):1 _____ AMP p, 
(hnurs) -----------

-------------------------- ----~~ol/s we~g_h_l_l __________ _ 
!! Glucol"o~ + ~aline 2.~9 ± 0.18 

14) 
!:! Gluco,;;c + aclpno!-\inl! 4.2~ ± u.211o 

(4) 

!! Et hanol + saline 2.84 :e 0.13 
(4) 

!! Ethanol + adenosine 5.QO ± 0.08 b.d.r 

(4) 

s Ghu:o~ + F>a.\ine 3.23 ::t: 0.20 
(3) 

s Gluco:-.e + adt!nosine 2.73 ::!:. 0.07 
(4) 

s Et.hanol + f>Bline 3.32 ± 0.23 
(6) 

s Ethanol + adenosine 3.60 ± 0.16 
(6) 

1.29 ± U.15 
(4) 

1.03 ± 0.08 
(4) 

l.4fi :e 0.18 
(4.i 

L25 ± 0.16 
(4) 

1-G5 :::!::: 0.05 
(3) 

1.32± 0.17 
(4) 

1.40 ± 0.18 
(6) 

1.86 ± 0.14 
(6) 

0.26 ± 0.02 
(4) 

0.19 ± 0.05 
(4) 

0.43 :%: 0.05 .. 
(41 

0.35 ::!:. 0.04 
(4) 

0.31 = 0.08 
(3) 

0.35 ± 0.09 
(4) 

0.26 = 0.03 
(6) 

0.42 = 0.08 
(6) 

3.42 ± 0.12 
(4) 

2.54 ± 0.10"" 
(4) 

4.40 ± 0.16'" 
(3) 

:2.56 ± o.05r., 
(3) 

4.60 ± 0.30 
{3) 

4.48 ± 0.77 
(4) 

4.02 :!:. 0.42 
(6) 

4.65 ± 0.25 
{6) 

.. The re..:;ult.s are expr~sJo.ed as t.he mean :t: t.hc M..andard error of t.hc mean v.;t.h t.he number of ob~~rvations 
in pan.·nt.hcst..-s. 

"P < 0.01 compar~d to thc glucoF>e + salintc" group (2 h). 
r P < 0.02 rumplirPd to t.he glul·osc.;. !-'-ahne gTOUp (!? h). 
•' P < 0.05 compar ... d to t.he et.hnnol +satine f!TOup (2 h). 
~ P <. O.Of, compart..•d to t.ht: glueost!' + iulcnosine ~oup (2 h). 
, p < o.oo;; c.:umpar~d to t.he ~lueosc + satine ~rnup (2 h). 
"'P < 0.001 con'lparcd to t.he et.hanol + salinc i:;roup (!? h). 

TABLE'' 
r:rFY.CT OF ETHANOl. OR GLUCOSE ANO AOENOSlNE un. SALJNE or-: ENEHGY PARAM.ETEKS OF THE LJVER 

CELL., 

Time Trcat.n1cnt. Tot.al adcnine nu- ATP/ADP Energy charge Phosphorylation 
(hu un;) cleotides (JJ.mol/J:; potent.ial (M.- 1) 

wct. weight.) 

2 Glucose + f'.llline 4.54 2.32 0.80 678 
!! Glucosc + aderH,sine 5.51 4.17 0.87 1640 
2 Ethanol + saline 4.72 1.96 0.76 445 
!! Ethanol + adenosine 6.60 4.00 0.85 1575 
8 Glucose + Ratine 5.19 1.96 0.78 426 
s Glucose-+ H.ril-'no::;ine 4.40 2.06 0.77 462 
s Ethanol -+ salinc 4.98 2.37 0.81 590 
s Ethanol + adcnosinu 5.88 1.94 0.77 416 

.. Tht- rtc-sulLc; werc calcu1nted frorn the data in Table IV. 
l ( [ADP) + 2 (ATP) ) 

Ener~ychar..-:c = 2 [AMP] + {AbP] + [ATP] · 

Phnsphorylatiun potcnt.ial ""' d~~~~i]" 

ra-cio of about 40% v..·ns ob::;erved at. ali tbe 
times t.e~ted. An enbanced met.a.bolism of 
ethanol (Fig. 3) v.:as observed. Ethanol ox
idation is s'timulat.ed bv substances that. 
increase the elect.ron fluX in the mitochon-

drial respiratory chain and therefore en
hance the ut.ilizat.ion of reducing equiva
lents (3, 34-38). U has been concluded t.hat. 
t.he rat.e-limiting step in et.hanol met..abo
lism is the reoxidation of NADH (3, 38). 

( 

\ 
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~ra.king into Hc.:count thesc: oh . .;:.ei-vntions, the 
st.in1-ulation of t:•t.hanol nu.·tahc)lism pro
duc..·ed by the nuck•oside :-:.eetns t.o be a 
const.'quence uf thc rnudificntion of the rc
dox state. If nch~no~irH: prnrnotl~~ the utili
zation of redul:ing Pquivalt>nt.s by the 1ni
t.ochondria this ·wou1rl explaln tht..· 0h:-:.er~·{ .. d 
incrcaFe.c; in A'T'P~ ~IH""rgy chhrgt_· and ph<Js
phorylat:ion }.JOtc:-ntial and the decrí·ase in 
inorganic phosphat.e (Tables IV and V). lt 
could also cxplain t hl.· ob~er·d_.d incrc.·a~e in 
the rnito<..:hondri:il NAD- /~ . .\.DH rallo 
(39) by an e:nhanc:ed utiliz;nion of the rt-
duced · form uf the coenzyrne by the re~pi
ratory cha.in. The u1agnific:nion by •:>tlaanol 
might n·sult fron1 t he avalanche of reducing 
equivalcnt~c; t.hat iu: 111ct ... 'l.Loli~rn cau~es (Ta
bles III-'"V). Hov.:cver. the effect..s on the 
energy parameteis disappcared under con
dit.ions in "vhich t.he HicLion of the redox 
st.at.e '''as still observable (Tables III, I"\-'" 
and \7). Furthermore. Cedcrhaum et al. (38) 
have Ruggested t.hat ethanol oxidation does 
not. occur in addit.ion to the oxidat.ion of 
other s.ubst.rateR and that therefore the re
ducing equh·alent.s from the oxidation of 
ethanol ma)' replace subst.rateR norni.ally 
oxidized' by t.ht! liver, e.g., fatty acids. It has 
recentlv been shov.•n that adenosine in
hibit.s the oxidat.ion of fatty acids (40). 

Under the conditions indicat_ed herein, 
ethanol did not depress hepatic ATP levels 
(Tables rv and ·v). In the ethanol + aden
osine treated group high 1evels of A TP were 
found in rat..s v.·hich were developing a mod
erat.ely fatty liver (Table IV and Fig. 1). 
This fact is in agreement. v.rith sorne reports 
(24, 41, 42) and in disagreement v..·it.h others 
(6-8). The discrcpancy has been att.ribut.ed 
t.o the dose of ethanol ernployed. the nut.ri
tional condition of thc animals and even t.o 
the strain of rat.._c:; used (8). Nevertheless, 
our rcsu1t.s are in agreement '\\-;th t.he con
clusion t.hat the hepatic ATP depletion 
does not play a key role in the pathogenesis 
of the fat:t.y liver produced by ethanol (7 ~ 8). 

One point of int.erest. is the strong corre
lation bet.v..·een the cyt.oplasmic redox st.ate 
and the content of hepat.ic triacylg1ycerols 
(Fig. 2). The int.erpretation of such a cor
relation is complicat.ed since a decrea..c:;e in 
the NAD-/NADH ratio is mainly accom
panied by a simult.aneous accumulation of 

nG·P. lt haR bc:cn ~ugg<.~sted that. ttCP is a 
fr:1<-·tor .... ·hich <-·ontru]s the rate of neutral fat 
synthc.•:::is (43. ·14 ), although it.s availability 
is l"lOL the Role fact<Jr that cont.rols thc cs-
1 Prificat..ion process (45, 46). In any evcnt., 
an t:!XCCRS in the oxidation of ethanol pro
motes the ac:cuni.ulation of nGP bv rlccrt:.·as
ing tbe ~AD~ /N-~Dl-l ratio. Th~se factors 
are of p.a.ramount irnportance in t.he gc!nesis 
of cthanol-induct-d fnuv 1iver. 

Perhaps t'\'\O other factor~ might be in
voh·t>d in tbt- t.•fft><.'Ls of adtno~inc on fattv 
lh:er. This. nuelen""ide inav he rnct.nbolized 
10 hypoxanthine and aÍi.t;.....·ard t,o üric ac:id 
by xanthine oxidase, geJH.•rating hydrogen 
pcroxide ... I'hus. it is possibl~ that. c.atalase 
participates in an H:!O.!-n1ediated c-thano1 
peroxidat.ion. This rrJechanism has the ad
vant.age that it doe~ not product.! the reduc
tion of coenzyni.es. ·"vhich could explain 
sorne ofthe obser .... ed effects. Ho,vever, it is 
generally accepted that. cat.ala...<;;e does not 
play a significant. role in ethano1 metabo
lisrn (for a re·vie'-"' Ree Ref. 47) and it cannot 
explain t.h~ magníficat.ion of adenosine ac
tion on energy pararneters (Tables I"\l and 
V). 

Evidenc.:e that adenosinc inhibits ext.ra
mit ochondrial acy1-CoA .. synthct..asc has re
cently been publÍshed (40). The activi~y of 
this cnzvme is csscnt.ial far t.he metabolism 
of fat.t.y -acids provid~d by the depot.s. Hov.·
ever. this effect of adenosine is transient 
(40). In addition, it. has been shov..·n that 
adenosine inhibits hcpatic lipogenusis (11 ). 

In summary, the dirninut.ion of the 
NAD+ /NADH rat.io seems to be the main 
cause of ethanol-induced fattv liver. Aden
osine part.ially prevent.ed or -reverted this 
process (Fig. l and Table l) probably by 
promoting the transJocation of reducing 
pov.·cr from the c~'"toplasm to the rnitochon
dria. The molecular rnechanisms of t.hese 
actions are presently under investigat.ion in 
our laboratory. 
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EFFECTS OF ADENOSINE ON ETHANOL-INDUCED 
1v10DJFICATIONS OF LJVER METABOLJSM 

ROLE OF HEPATIC REDOX STATE, PURINE Al"D FATrY ACID 
METABOLISM 

J. ADOLFO G.a.kCfA·S,'\.1=-oz. RoLA:,:Ju.l Hi::=.:~~.-...-.:nEZ-~1t.•:->.:oz. '\Y . ...,.1_1·1~R G1_r.s1.>ER. ESRIOUE 
P1SA and v·h-10~1A c1-1..._,,.,...,,.. nr: SA.'CHE.Z 

Dcpanrn~nto <.:k Bicu.:n .... rp.::tica. c~.nuo de J_n'l.t."S~i,!!.!Cl~~nc~ .. .-n Fi~irol:'~i;1 Cdular .;Jnd Dt.•par:arncnto 
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D.F .. J\1<.•,icv 

Ab~tr;ict-A 1otal prc..,·cnt1on of ethanol-indul.'.:cd fott~ li,cr hy tht." .. inn.11tancouc; administration of 
adcno!>ine and allopurinol v..·as. oh ... t..•rvcd. Undc:r thc ... c- conditinn~ . .aclc.·nosinc: 01mdiora1cd thi= rcduction 
in thc C.)-'lOpl~smic NAD- ll"ADH ratio p1oduct:d hy cth:1nol metaholii;m. incrcct~cd 1he rati:" of cthanol 
oxidation. and dc:-crca~cd thc hh,0d kctone hndic:-~. rcfl~ctini;. an 1nhihition ofhcpatic fntty acid c_1xida1ion. 
?'-.1.orcovcr. in rats treated with 4-mcthylpyra7olc:;. tht.· effcct of thc n11ckosidC'.' on the increa,ed rate of 
cth:tnol oxidation wa!- 001 ohscrvcd. TI1e cffcct of ad:.:no!'>inc- on 1hc modifications induced by the 
administration of ethauol in thc rnitoch,1ndri<-il rc.·dox potcntial was tested. '\.Vhen thc: nuclco..,ide wa!> 
admini!<.tered to cthanol-ucatcd animals. a rcvcr~al of tht." cthanol-induced dirninution in the mito
chondrial ISAD ... '!':ADH ratio ¡1nd in thc redox pott.•ntial wa~ oh-..crvcd aftcr 2-4 hr of treatml::'nt. These 
data lend furthc1 !'.uppon to thc "Uff'C!-tion that adi:nn~inc promotes thc ,,:apacity cif the cdl to handle 
the rcducing t."quiv~lcnt~ gencralr..·d during ethanol mct:.thnli .. m. ~~1on.:ovcr. thc!.c cxpcrinwnt~ suggest 
that hydropcn peroxidt:. gt:ni:ratcd throuf:h purinc mctaholl:.m. playc; a minimoil role in thc 01ction of 
aücnosinc nn cthanol rnc-taholism. Flnally. u ~ccond m..:chanism by ·which tht" nuckoside prcvcnt!> fany 
livcr in thc prc~cnce of all()pul'inot '\'\01~ cvidcnt •ind thi!!- wa .. rclated to an inhihition of fatty ucid 
mct;sholism. 

lt is well known that a grcat numhcr of hcpatic 
functions are ahcred aftcr thc inc.estion of cthanol 
and that thesc effects are duc rnainlv to the chance 
in thc rcdox state (NAD•fNADH) f,roduced by its 
mctabolisrn. In addition, it has hcen suggt!stcd that 
Teoxidation of cyto5>olic NADH is the ratt:-limiting 
step in ethanol rnctabolism ( 1-3]. 

lt has also hecn found that adrninistration of 
adcnosine partially prevcnts ethanol-induced fatty 
liver, ameliorates the effcct of cthanol mctabolism 
on the cytoplasmic rcdox statc, and incrcast::s ethanol 
oxidation L4]. Furthermore. cthanol enhances thc 
adenosine-mediatcd incrcasc in ATP [4. 5]. and 
adeno!;Ínc alone produces u rnarked shift in the mito
chondrial redox state NAo·r.-.;ADH 16]. Taking a11 
the~e data into account. it ha~ becn SUl!.!.!Csted that 
the nucleoside may promote translocntiO'ii of reduc
ing power ÍTom the cytopla~rn to the mitochondria, 
and that this mechanism may be rc.!sponsihle for the 
effects ob!'erved {4]. 

Hepatic cell~ cataholizc ac.lcnosinc to uric Hcid very 
rapidly [7]. and in this pathway xanthinc oxidase 
generales hydrogen peroxide. 1 t has hecn sho'\vn that 
catalase is capable of oxidizing. ethanol in vitro in 
the presence of a hydrogen peroxide-gencrating sys
tem [S]. Thereforc. although it i~ generally élccepted 
that. under basal conditions. hydrogen peroxide
mediated ethanol pc:roxidntion doc~ not play a sig.
nificant role in cthanol metnbolism [9~ 10]~ it is the
oretically poss:blc that the effects of adenosine on 
ethanol metabolism might be due to this process. 

This point was expcrirnentally tcsted using allo
purinol l4-hydroxypyrazolo(3,4-d)pyrimidine]. a 
well-known inhihitor of xanthine oxidase. and 4-
methylpyrazole. a potent inhibitor of alcohol dchy
drogenase. The pre~ent paper shows that the action 
of adenosine on cthanol rnetabolism is mediated by 
alcohol dchydrogc:nase and the con!'-equent altcra
tions in the cytoplasmic and mitochondrial redox 
states. 1t b dcmonstrated that hydrogen peroxide. 
gencrated through purine cataholisrn. is not an 
irnponanl factor in adenosinc action on cthanol
induced mctabolic changes. Finally. data are pre
scnted showint?. the effect of thc nuclcoside on thc 
metabolism of-fattv acids oriL!inatinc from triclvccr
ide slore~. and th~ role of thesc f3ttv é1Cids -iñ the 
pathogcne!'is of ethanol-induced fatty-liver. 

MATERJAL'i ASD ~tE.THODS 

Adenosine. allopurinol. zcolite. alcohol dchydro
genase, a-glycerophosphate dehydrogenase. 3-
hydroxybutyrate dehydrogenase and uricase were 
obtained from the Sicma Chemical Co. (St. Louis. 
MO). Coenzymes we"i=c purcha!-.ed fTom Bochring.er 
und Soehne (~1annheim. '\.Vest Germany). 4-~1ethyl
pyrazo1c was a gift from Dr. A. l. Cederbaum. Other 
chemicals. used were rcagent grade ofthe best quality 
available. 

The experiments were performed v . .;th mate "\Vistar 
rats (wcig.hing bctween 170 and :?lOg) which were 
fasted for 16-20 hr. Ethanol wa~ administered 
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through a stomach tuhc ~1t a dtise of 2.5 or 5 g'kg 
body \Vt. Control anin1al~ n:c-civcd an i~cwaloric do~e 
of gluco~c. ln1mcdiatcly aftcr gustric intuhation. thc 
.animnls wcrc injccted intrapcrilc>ncatly \\.'ilh ... atine 
(NaCl~ 0.85'/é) or adeno!'inc suspended in .;;ali ne at 
doses of 200 n1gfkg hndy '\Vt. Alk1purinol (20 mf;.'kg. 
body '\.Vt) or 4-mcthy1pyra7ole (:200 mg'kg hody wt) 
was su~pcndcd by horno_;;.cniz<'.itk10 cithcr in snline 
or in thc uc..h:no~ine su~p~n:.ion. Thus. the anin1als 
Wt:rc injcc1cd only once and ,,·ere not ... uhjcc1cd to 
any extra water or clcctrolyte load. 

1-Jepatic tri:11:ylglyccrols v.erc: dctr:nr.ined hy the 
method of Butlc=r cr ni. (1 J]. Scrum triacylglycc.-10Js 
and scrum free fattv .tcid!' ,,·en: ;1 ... ~· .. !' ed <u.:cordinc 
to thc.. methnds of '\"an H:1ndc-l :Jnd Z.ihcr ... mit 112-] 
and Do1c and ~1einer:.z ( 13}. íL"~í't·crivt:I~. Blood and 
hcpatic l..ctone hl•dies wcrt.· quantifil"ci cn~ymatically: 
3-hvdroxvhutvrate (3-0Hfi) ¡iccl'rdinc to '\Vitliam
son- ó:lnd-l\1cilamhy p-t]. <Jnd ~ccto;~c.-ctatc (AA) 
according to !\1ellamhy ¡¡nd \'VilliLim~on 115]. Total 
ketone hodies '"ere calculated as tht: ~um of 3-0HB 
plus AA. Blood cthanol 1J6] and pb~rna uric <Jcid 
[17] '\\.'ert: cstimatcd cnzym¡iti<.::illy. For thc prcp
aration of liver extracts. thc anirnals wcrc: killed by 
a blow on the hcad. Thc ahdomcn ,.,,.a!' opcncd 
imme-dintcly with a bistoury and l 50-300 mg of 1ivcr 
were homogcnizcd in ice-c0ld 6'7n (wiv) pt.!rchloric 
acid v.•ithin 7 ~ec ;iftcr the ahdnminal incision. Thc 
homogcnatc wa!- ccntrifuged at 300 g for l O min. and 
the supcrnatant frnction \Va!-. n.:moved and carcfully 
neutralizcd "'-'ith 5 J\1 K::-CO;\. Hcpatic a-gl)cero
phosphatc (u-GP) and dihydroxyacctonc phosphatc 
(Dl-IAP) wcrt: dctcrn1int:d by thc mcthods of 
Hohurst (18) and Buche:r and Hohorst [19]. re!-pcc
tivclv. and ~-hvdrox,:hutvratc and ilCClOilCctatt: a~ 
menÍioncd pre~·ious1~·. · 

The activity of hcpatic xanthine oxidé!sC was quan
tified in a whole homogenate (20'/i-- in U.::!5 M 
sucrose) according to Luck {20]. The activity is 
cxpresscd as mK/mg protcin. where K is the activity 
numheT of xanthinc oxidase (20]. Prot~in wa!-. dcter
mined by the biurct method [21]. The cytopJasmic 

NAD .. /~ADIJ r:1tio w:1 ... ca1cul:1t...·d u .... in1~ tlic ctJUi
lihriurn con!-.t~int of u-gl~ccrnplH,...f'hatc dt.·hydrogcn
ª""C: a~ ohtaincd by Ru ... !o.m:tn (2]] and taJ..c.:n frnm thc 
papc1· hy '-'ccch et al. (23]. Thc mitnchcmdrial rcdox 
c..1;_¡tc wa~ caku1atcd from thc 3--0J tB '.r'\A ratio. u~ing. 
thc equilibrium c0n-.tant rcpurted 1:-.y Kr....:bs ¡:24] far 
the 3-hvdroxvbutvroite d\.!'hvdro1.!~na ... e. Rcdox 
pot~ntialS werd calc-uhHcd u:-ini ~he ~ern!-l equatiun: 

E O - · - j :-:AD-,, = __ ... 14 - o.o .... og N.~DH. 

Stati~tical ~ignifican<:c hctwcc.:n coinp<:trable groups 
W&JS dctcrmincd hy Studc:nt"s r-test. 

Thc ability of nllopurinol to inhibit xanthine oxi
dac;;e was teStl!d. Eil!ht hr aftcr ~1dministration. allo
purinol prodticl.."d ahout 30 pcr cent inhibition of the 
activity of thi!-. cnzymc (Tahle 1 ). Surpri!-ingly. 
é-tdenu~inc or adenosine + cthanol macnified thi~ 
effcct._ a 60 per c.:ent inhibition (comp~red to thc 
g.1ucosc + salinc group) ht!ing ohscrvcd in hoth cases 
(Table 1). Adcno.sinc ;.done produccd a !->tna1l inhi
bition. whi1e onlv minc>r chanE!cs in tht: activitv of 
thc cnzyme wcn.: oh ... crved '\viih cthanol (Tahlé l ). 
Thc additive action of allopurinol and adenosinc on 
xanthine oxidase may he dueto a mutual con1pctition 
for thcir rnetaholisn1. Hov.·evcr. thc in l'ivo inhibition 
of purinc cataholi~m in thc pre!-.cncc of allopurinol 
was 95 pcr cent. since a drop of thi~ 1nagnitudc '\Vas 
obscrved in plasma uric acid leve!~ (rcsult.s not 
sltown). In any cvcnt. thc .<imount of hydrogen pcr
oxide gcneratcd thrnugh the cataboli~m of purinc 
''-'as probably diminished to a mínimum in rats 
trcated with ethanol + adcnosinc + allopurinol. 

Table 1. Effects of ethanol or glucosc ahd etdc::nosinc or !<:aline on thc inhibition o! x:.mthine 
oxidase by allupurinol• 

Trcatment 

Glucose + saline 

Glucose +. adenosinc 

Ethano1 + saline 

Ethanol + adc:nosine 

Activity of xanthinc: oxid<1se (mK/mg pro1cinl 

\Vithout allopurinol 

246.57 = 12.59 
(4) 

203.59 = 23.37 
(3) 

.229.20 = 17.9~ 
(4) 

195.86 = 6.soi; 
(3) 

\Vith allopurinol 

168.37 ::: 26.011" 
(4) 

102.07 = 5.39:t§ 
(4) 

152.65::. 19.28!! 
(3) 

99.61 ::: 23.29·· 
(4) 

• Resuhs are: expre!!.scd as mcans::: S.E.M. with thc numbcr of animah- in parenthesc:s. 
Detcrmination!'" wc:Te made 8 hr after trcatmcnt. 

T P <:O.OS. compared to the !ducose + saline group (without allopurinol). 
:f; P < 0.01. comparcd to the plucosc -1" adenosine group l withou! aBopurinol ). 
§ P < 0.05. comparcd to the pluco~e + saline group (with aliopurinol 1. 
11 P <: 0.05. compared to the cthanol +satine group (without allopurinol). 
"j¡ P < 0.02. compared 10 the gluco~e -t- salíne group (without a11opurinol). 
•• P < 0.02 comparcd to the cthanol ..._ adcnosine group fwithout allopur1nol ). 

CRHl"llO DE llfFOR·.,.o;c1011 
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·rhc ahility t.•f :1de1H,:--Í1l<.: tn pn .. "1.cn: thc l.·th:tnol
indué\."d fatty Ji,1..·r ''•as h.·...,ted in thL: prL""L·nCL" ;n1d 
ab!'-cncc of allnpurinnl. Fig.ht hr .1ftL·r cth:1nnl ;,.Jmin
istration a ~-fnld :n.:..:u1nul 11inn llf tri:u..-, l·~h-cc1ol in 
thc liver w;.:~ uh~l..'.í't:d. whi.:h ,._,,.., p::ni:d!) ·h.:,1.·1-.cd 
by ;1denn!'-inc (..::S pcr L·..:nt di1ni:iu1i .. n). a~ JLºf'<•rtcd 
prcviou~ly [-t]. ·n1c'i.: i.:ffc1 . .-t ... "cJc f..:"'-'•::iti.dly unal-
tt.:red by ;..¡1n!hinc n'\.i.:b .... : inhi}~itic•n. hu~ ·.\ h .. ·n allo-
purinol :1nd ad;.:nü.:-.ine .... , .:re :1dn1ini-.tc1 i.:d t( ·~:,_·;:h..:r. 
no cth;inol-indun.·d :1r.:L·um<..?1~~tiun of lipid~ w~s. 

i~:~~:~~:·D-:iri::~.~~-·~.:~~~:i~;~~i'.~~::~,::~~::'.'.i:~¡~~~ 
in the rat~ ~uhj1 . .:C"tc._·.j ll·1 l·th~1n ... •l - ;,~lt.·;. ..... i1n.: tr..:at
mc::nt (.:?.15~Ó.~:;1n~ tri;ic-.i!:\,,: .... n>i .... e , .. e: '"t} 
(figur~!-- an.: ~xp1;.: ... ~cd a~ th.:.: -1;1._·;'1.r. = S.E. 0f ~i:\. 
dctcrn1ina1ion!" in each ~rnun 1. Thu". :.¡ i.nra! nre· 
vention of cthanc,1-indu..: ..... ·d f~n::- ii-...cr. in th ... • Pn::-· 
c::nce of <1dcnosine .and allopur jnnl. 
dcmonstratcd. 

Tostudv c-tho1nol oxida!ion. a sm~ll do-.e of cthanol 
(l g/kg) wa~ gin:n 10 O.:Jt~ tíc~tt:<l ,vjth ~1llL"":pUílJl<..ll Oí 

aJJopurinol + adcno!->in~. thc anim.als heing killcd 4 hr 
after trcatmcnt. Llndcr the~e condition~. thc blood 
level of ethanol WilS 9 . ..14 :::=: 1 . ....1-l m~1 in rat~ líeatc-d 
"";th allnpurinol and 4.9:! = o.~6 m~1 in r.:.H~ trc.ah..·d 
'With ::illopurinol + .adcnosine (mc.<Jn :::. S.E.!\-1. of 
fivt: detcrminations in cach ca~c. P < 0.02·1. To fur
ther test if thcrc v.·as .an incn:asc.: in ethar1ol oxídation. 
4-methylpyrnzole. a spccific inhihitor of .<Jlcohol 
dehydrogena!'.c, was cmployed. Ethanol (2.5 g.'kg. 
body weight) wa!- .adnlinistL~rcd to rat!-- trcatcd with 
pyrazolc ar pyrazole + adeno~im:. and 1he levd~ of 
ethanol in thc blond wcrc sub!'-cqucntly mca~urcd. 
No significant diffcrc::ncc '\vas dctectc::d bctwccn thc 
g:roups (results not shown). SUf!~csting that adeno
~ine trcatment incrc::a!--e::d thc flux of cthanol in dvo 
throug.h alcohol dchydrogcnase. 

A clcar corrclation bctwccn livcr triac\'lc.lvccro1 
content and cytoplasmic redox statc 1.Va!-. PrC~cntt:d 
in a previous papcr {...i]. Thcrcforc. thc cytoplasmic 
redox state calculated from thc levcls of a l.'.'Vto
plasmic pair cr-GP and DliAP. '"'ªs studied in ·rats 
trcated with allopurinol. Thc adniinistTLJ.tion of allo
purinol did not affcct significantly the cytopla~mic 
rcdox state in thc prescnce of cthano1 with or without 
adc::nosine. As cxpected. etho.Jnol produced a largc 
accumulation of u-glycerophosph:nc. refkcting a 
drastic decrease in the cytoplasn1ic I'AD-/NADH 
ratio. Adcno~in~ significantly amdiorated thi~ effcct 
of ethanol metaboli~m bv a n1acnitude similar to that 
obscrved prcviously in· the a"t,~cnce of allopurinol 
[4]. The strong corrdation previously observed 
bctween thc cytopla!-rnic rcdox statc :ind thc .amount 
of triacylglycerols in the liver [4] '\.vas not observed 
in rat.s ueated with a1iopurinol. tht.· corrclation coef
ficient being U.56. Thi~ i~ prohably due to thc fact 
that adc::nosint!' completely preventc::d the accurnu
lation of triacylglycerob produced by e:.hanol and 
paniaJJy modified the effect of the alcohol on thc 
redox state. increasing hy 30~0 per cent thc: 
NAD ... /N'ADH over thc:: control group. Hence. in 
addition to its effect on the cytopJa~n1ic redox state. 
adt:no~ine probably prevcnt~ the ethanol-induct:.d 
fattv liver bv a second mc:chanism. as c::videnced in 
the ~presencé of allopurinoJ. 
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Jn ~t!l L"fÍl•rt Tlt cl.11if, thi.-. 'vcon .. t 1n ... ·th:u1~-..:11 1n.111-
if ........ tcd bv :1dt•n0,inc: thc L-ont·1..·ntrati•·)n ttf 'ernrn 
:;;)id~ ;¡:1d t!J<.' !•1-..i.td le1.l.."J (1f l.:L'tlllh.! !l._1:.Jit.:">. :1" OIO 
iii..L·x uf tht: l';>-.;d;1tiun nf Lit!) ¡1cid-.. h: the li,..::1 f25]. 
"-• .. ."f"I.." iilº•<.'."'-:if-•;nt..•d .. ·"\.ll•T"¡rj11l1) did 11l1t llF,.Jify toan 
;,ppn.ci.~: ... ;._ . .._ '\.i ... :n: tln: .._-ff.._·ct nf ;nh.:01n~i:1e .1l(•l1t..". t>r 
in th:.: prc .... .._·n·-·..: l1f vtli:1;10l. 1,.1 1},i= 1cvcl uf :1i:1cyl-

~:·:~L ~~~~ ~~.:i ¡ ~ ?)"'j'~~: :~~! ~·: ~ I~ t.:~'1 i
1 

~1
1

.~~ ·\;.-; :.: ~• j!~~:.'~ ~. ~l~~~l~ :~;~~ 
th<.'." ~1d1•1ini .... •i;,¡iL1n '- f .1d.:n1• ... in...- di.f :11.1;. i11L·re;1'C the 
11 i;1L."\ ll:h •. :t:rl 1ll n1i:~ hut dt.: ... r1.',1--~·d it ~l • n• .: :nal l:.:\. ch.. 
It is inl::.-

0

11..:stin.:; th;1: in t~;(· f,•ur L"•í'··;i111:.:""nt;d ,!;.IL·UP~ 
odl-..pllrinol t 1 ;.·a: n •L' nt •h· ... • :..:.: .... 1.·.J ¡ ri.i1.·yl:'.l;- ~l.." :·11lcrni.a 
h:-. ..:1b1.1ut 2f! p .. ·r L.·cnt. 

Ad ... n••:--ine t!'- a ["<''~<-·rf'..ll ;in:ilip,,J_:.~ic: .tdt.·111 126] 
~ind. : 1 '!~1,ouf!h thi~ .i:'litin d(1~" no: ...... , . .._ tn tu play an 
in1port.1nt r,1J...· in it~ L·tfect on t:;n:. !1,t.:r ¡ .. q. the 
pc•s ... ihility of <.1 1n:1_:.!riifi.:-:1tion h::- ;,.¡j~llf'U! inol of thc 
antilipolytic :1ction of :id .. ·no:-.ine ""ª~ .::-.in,idcrcd. 
Contrdry to '"ho.t v•:-!~ t::..p: . .-ctcd. in th~ prc,c::nce of 
allopurinol. ""'hich inhibit~ puTinc: c:itaholi~m. ; .. 11..:kno
!'inc incrca!--ed !--erun1-frcc fatt,· .acid Je,cJs. thc: con
ccntrations detl;!Ctcd h

0

einc. 41 .5 = 7 .6 µ
equiv./100 mi of ~crum in thc:: !,'luc-o-.e + ~atine group 
and 56.ti = -+.7 p-c4ui\".,'JOOn1l in thc: pn:~cnce of 
adc:nosinc. Thi!-. action w;,i~ 1non.· t.>\. ident in anirnals 
trc.:atc:d with cthHnol. "hc:re a markt:d incr::ase in 
:-.crum-freC"" fattv acid!-- \11:as ,-,h:-.erved (5~ . .3 :::- :::?..3 in 
the cthanol + Sallne group and fi8.f; = ~3.3 in thc 
ethanol + adeno~inc-trc:1tcd <1nin1al~; rnc<.tn :::=: S.E. 
of samples takt:n from si:\. :inimab in c<.tch cxpcri
mt.·ntal group after 8 hr of thc trcatmL·nt. P < 0.02). 

Thc lcn.:1 of free fati\' ;1.cid~ in the ~t..'rum of rats 
i!- tht: re!-ult of a bal;.m~c hetweL"n lipnlysis. 1nainly 
in .<Jdipn~c tis!"uc. and utilization. mainly hy the Ji'\"CT. 
S:ivolai11en cr u/. [:::?.7] havc:- shown that in ,·fro ethanoJ 
<Jdministration incn.:a!"e~ adipn~e ti!--sue cydic Af\.1P. 
Hov.cvcr. no significHnt incrca..;e~ in ~crum-frce fatty 
acid~ v..cn.:: ob!-icrved hy thesc authors [27] or by us. 
This i~ prohably duc to thc incrca~ed hcpatic uptake 
of free ncids frnm ~erurn in cth:inol-trcatc::d rats {::!S]. 
The incrca~ed ~l.·rum leve} of fattv acid!-i ob~crved in 
rats trcated with cthanol -!-- .adenÓsinc + allopurinol 
probably rcsultcd from an cnhanced Jipolysis pro
ducc:d by ethan.ol and a dccrca!">cd free fatty acid 
uptake by the livcr duc to adeno~inc l:::!.9]. On the 
othcr hand. the HCtion of adcno..,inc in inhibiting 
hcpatic fatty- acid oxidati(ln that rcsult~ in dccrca~cd 
plasma kctonc body kveb p:s] ·was uhservc:-d in thc 
prc~cncc of allopurinol. This action of thc nuclcosidc 
wa~ rnort"' evidcnt aftcr ~ hr of trcatmcnt. a~ cvi
dcnced by an inhihition of thc ketonemia of 77 per 
cent in the animals rc:cciving a gluco!-.c load and 54 
pcr cent in thosc trcated with cthanoL Ethanol 
increa~t:d the amount of 3-0J-IB and the total amount 
of ketont: hodit:~. and hoth action ... ,.,,·ere hlocked hy 
adenosinc. Jnc: resuhs íH(.•vinusly ohtained 130] in 
tht.: ab!->cncc:: of ~11lopurinoi pc::r~istcd tor l hr _ hut in 
the prc~encc of thi~ drug thc: cffect \.Vas optima} after 
4 hr of treatrncnt. and ~ 20 pc::r cent inhibition of 
ketoncmia , .• ,;a~ still evident aftcr 8 hr. As vet. we 
have no explanation for the oh~crved effccts of 
allopurinol in proJonging the action of adeno~ine. 
However. undeT these conditions. fattv add5 were 
ncither estcrified noT oxidized. i.e. no ~ccumulation 
of triacylglycerol!'. in the Jiver wa!-> dctected. the 
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h)p...:1lip1..•tnia p11..ldt1c1..•d by cth:u1nl '-v¡1~ not increa!-cd 
but ratht:r lh.•(_·r...:~!!'-Cd to normal h.•" l.:"lo;.. and th..: cun
ccntration of kctunc hL·1dics ._.,,-¡i~ not au~nu.:1111..·d hut 
th.:crca"-cd. Thc.:1..:fnn:_ a 1..:a~on:Jblc cxfiL:1n:ttiun of 
the~t:.'.' ol'o<;;.crvatic•n.., i~ that th..:!--c fattv ~lcid~ are not 
mctabnli4'.'l."d b·.- thc lh L:r und.::r th..:~c.: t..:UtH.fr:ion~. ·n1is. 
point js suppoTtc:ü by tlic- f.1.:-t th3t ¡idcno:-ine inhibit~ 
the cxtramih··chondrial ;icti,.·ation nf fatty af.:ids [30] 
v.hich i~ e'~cnri:tl for rh:..·ir hcp~1tic 111etaboli!-m. 

TI1c cffc:ct~ of ;nknPsinc ¡__¡l, >ne- cin tht: n1i1ochün
drial n.•Ü("IX ~t;1tt.• havc &sh c:id~· ht.·t.•n ruhli:,.l1~d .1nd 
di:-~u ..... ~d [("'1 ~:nd a1c: t.c~n ... i!-1:..·nt '-"-"ith thc hypntht.":-i~ 
tha: th~ nuclt·o~id:..· t::n11ance~ tht.· t.nili.l.nion of n:duc
inp. Pº'-" cr by the ri.: .... ptrator: ch~iin. The: r::-..ult~ 
o"htaincd f(Jr t"r1t::.c ...-ariahk5- in tli:..· pr:..-:.cnce of 
cthanol and·or :.1di.:nn!--in:: and •hcir CL"r.trnl". rt-·c.:civ
ing a gluce~e lo:sd. aie prc:.c:ntt"d in T~1hle ~- Onc 
hour aflcr trL·¡stn1cnt ... ...-ith ~luco'e tht: animab 
exhib1tcd a lov•. ratL· of Íi.JtlV a1..:-iiJ cn.1d •• tion. 1f ;...e:tn
genrsi~ h,. con~idere-d an in-dcx of h1.:patic fatty acid 
oxid~tion (_Tahle 2). thi~ probabl~ occurs hcc:n1se. 
following g.luco~c adrninistration. thc livcr ~hould 
havc a 10 .... ...- n1ctabolic ratc. ~ince glucost:" i!'. av:.iilable 
for cnn,,.umption by cxtruhcpatic ti~suc!--. and it is not 
ncccssary for thc liver to produce kctone hodies or 
gluco~c. Howcvc1. the rnitnchondrial redo:--. ~tate. 
exprc~5-cd as !':AD- /NADH. "':a~ kcpt at thc normal 
valuc rcPortt!d pn::-..;ously [6]. Aftcr 4 hr of trc~t
mcnty a u~crcasc in thc mitnchnndrial 
NAD .. /NADH ratio in the control animal~ reccivinc. 
a glucosc load was oh~crvcd. prohably due to hor-
monal adjustment. sincc thc g.lucos.c ab~orptinn must 
be tcrminated after thc ~ccond hour. ..\denosinc 
action wa~ ob~erved in these conditions. and 1 hr 

aftcr thc trcatnu:nt of gluen!'.c L.1nd adi..no~ine a 
111~!1\..cd dcL:r.:a-.\.• in 3-01113 {rcduced "'lll""':--tJatc) was 
nb~crvcd. Con<.:.eyu\.·ntly, thc >=,.'\.0°1!":,.'\.Dlt r•ttio 
incri.:a!-t.>d, '"hich is in agti..·c:rn1."nt with data tcpnrtcd 
prcviou ... ly """·ithout thc gluc-0~c Jo~1d l6l. 

'Jñc.: rnt:taholi~n-1 of cth:tnol proL1ucc"' :1ci:t..ilrlchyde 
"' hich i~ oxidi¿L~d within thc 111itPdwndria bv ace
~~.ld~h..-de c..id1,drt1k.!cn<-1~e. e.1 • .-n~r~tinl.! "S.-'\.01--Í and. 
!--O. c,¿.t:'eding. lhc.: c""i1pacity ¡;f utilizatTon by the n~s
piratnry chain thi.:1 ch~ tll\ ldif~ 1ng thc mi11..1chnn
drial rL'do:\. statc .. -'\.~ c;...p1.:cted. t.'thanol pu1duced 
a m<uked d:..~\·1 ::-:i~c in the nii.tochondrial 
!'..:AD-.'?'.~DH 1at10 at all tin-i~~ lL':'tL.·d. duc 1nainh-
10 an appredahlc incrca~:: of 3-01-IB (reduccd 
~u~,;tratc). 

The 01dn1ini<>trntion of adcnosinc flTOduced an 
inc1c..1.~e in the mctahc1li~m of ethanol {4). thus 
inc1 :.:ac;,in,;: tht! ~upply of ace'l:aldchydc to tht:" mito
(.!'hündria and. consequcntly. le~tding. tC'I a further 
e-,..:ces~ of NADH which will 1ec;.ult in a decrcase of 
thc NAD-INADH ratin more marked than 'vith 
cthanol alone. The action of adeno~inc, hO'-VCver. 
wa5- cx:::ictly the opposite. i.e. the nucieoside 
increa ... ed thc mitochondria1 redox statt.: (Table::?) by 
dccrcasing the level of 3-0HB (rcduccd suhstrate) 
until 4 hr of the tTcatmcnt. No ~iE!nificant chance~ 
in thc lt:"vcls of acctoacc1::1te wcr~ OÍ''.'erved afier 
nuclensidc trcntn1cnt. Thc nction of adenosine on 
the~c vari.ables wa~ not cvidcnt afte:r 8 hr of trcat
mcnt. The~e dnta lcnd funhcr suppon to thc ~ug:g.e~
tion that reducing equivnlcnts gent:ratcd by the 
oxidation of cthanol art" utilized fastcr hv the res
piratory chain. Thi~ could be ¡J, con~cquc-nct! of an 
increascd transfcr of rcdu.cing powcr from the cyto-

Table 2. Effcct~ of cth<inol or- f:)uco~c and adcno~inc or salinc on thc hcpatic mitochondrial r-cdox state 

3-0HB AA Total ketonc hodies. 
Time (3-0HB + AA) 
(hr) Trcatmcnt (µmolc~ig wc1 wt) (µmolcs/g. wet wt) 

1 Glucose + saline 163.7 = 21.3 196.4 :::- 36.8 360.2 
1 Glucosc + adenosinc 48.8= 7.0t 196.6 = 27.5 245.4 
l Ethanol + satine 585.7 = 87 .7t ::?56.6 = 38.9 84:?.3 
l Ethanol + adcnu~inc 501.1 = 59.St ::?:?9.6 = 44.1 730.7 

' Gluco~e + salinc 136.7 = 18.7 149.6 = 43.5 286.4 
~ Glucol'c + adenosinc 129.7 = 22.5 203.3 = 27.4 333.0 
2 Ethanol + satine 531.3 = 50.9< 175.90 = 43.53 707.2 
2 Ethanol + actcnosinc 351.9 = 29.2§\l 171.6 = 32.3 523.5 
4 G\UCO!>C: + saline- 34fl.O:::. 44.5 211.7 = 25.:; 557.7 
4 Glucn.,c-.. 0:sdcnosinc 198.0 = 30.1~ 225.6 = 46.9 423.6 
4 Ethanol + satine 886.2 = 113.7•• 325.8 = 46.3 1212.0 
4 Ethanol -r adennsinc 599.0 = 10Cl.7t1" 3:!5.5 ::: 53.2 924.S 
8 Gtuco~c + ~ahn!." 291.:::? = 24.l 240.1::: 42.4 531.3 
8 Gluco~c + adc:nosinc 288.l =- 40.9 233.3 = 34.6 521.3 
s Ethanol-.- s~llnc 56S.5 =. 10l.8tt 223.0:: 38.0 791.4 
8 Ethanol -r adcnusinc 671. l "' 117.52§§- 211.17 = 23.82 882.3 

• Rcsuhs are e:xpres.-.ed a~ thi: mean::: S.E.?\-1. of a1 least four anlmals fnr each group. 
t P < 0.005. comparcd to the g.lucosc - salme !!t"OUp ( 1 hr). 
:t: P < o.ocn. compared to the gloco~e -+ saline g.roup (2 hr). 
§ P < o.ocn. compared to thc plucosc + salme gr-oup (2 hr). 
\l P < 0.02. compar-cd to 1hc: c1hanol _._ salinc g.roup (::!. hr-). 
~ P < 0.025. comparc-d to the g.lucoo;.c + saJinc g.roup (4 hr). 
•• P < 0.005, comparcd to thc gluco~e + sahne g.roup (4 hr). 
tt P < 0.05. comparcd to the gluco!'.e ~ satine group (4 hr). "** P <: 0.025. compared 10 ;:he: gluco~c + saline group (8 hr). 
§§ P < 0.01. compat"ed to the µlucose -r saline 1!t"OUp (8 hr). 

NAD-!NADH 

24.44 
81.63 

8.90 
9.29 

22.29 
31.69 

6.72 
9.89 
12.~ 
23.05 

7-46 
11.02. 
16.76 
16.49 

7_95 
6.38 



pJ:!..,JTI to thc.: nlit<.•ch~111d1ia, ;:n i11t.:re;1"1.! in th'-· nux 
of thC' TL· ... piratory .. -h.:in. or by a ~:11 ... ·1~y of 1ht: 1" .. o 
f0'-'cha11i...ms . .1Xlthut11;h thi~ pui¡¡t , .. ¡11 11111 h~ dis
cu:o-:..,cd hcre. in ·r.1btc:. .... L. pt'-·<..-·nt thL': 11-:i~PdH1;h.hial 
rcdox potcnti;"!} cakulatt..-d fron1 Tahk ::::. thc (."\·to
rI~~;nic rcdcix p01cnti;iJ~ ..:,ilct11:1tt...:.J. fr, •Ifl d.1ttl in -OUT 
pre .... iciu<> p:..tpcr 1-l]. :n1d tl1e d1fferc;•.._...- ... h..:t\\C..-l"n hnth 
ccn1p:1rtm ... :nt!-.. .:\d..::1.•~in:.: :1h•nc pn•du~·..:d an 
incr...::1!'-t: (1f ];:. 111'\." in th .. t!1itt• .. -h.•ni.!ri.d rt.·~h·x pe>tc.:n
tial 1 hr :1ft...·1 it ..... n~min! .... a:.tion ·n1i:-. ~~ .. :til•n lti~in
i~ht.•d to 4 ;1nd ~ n-:Y .:f~cr: .:nd ....! hr. 1;.·:-.rw~-1i-..o.:1y. 
;1nd thi:n d!..-..q .. ir-.i:.,: ... -d. ~·,, ... -::·~.-e: ..:1f <1<L·:ic, .... in:...- :1h·1;11..-
on tlit.. cyti..•r~~1 ... :T1i~- r1.:dd-... f'Pl•.--Hi:ii \\·;:1 .... dl.'.'>1... c:(;d 

~~~~ ~ 1 ~t1~) ; ... ~ ~:t ;~:::~ •. ~ \i·:: lt: ,i!;~\l:n~ ~: ~ ~~:;;\~~z; 1r~~;:~r1 ~:~ :~~ 
r;;::l~tilJn to it:-- '-·f1t:ct ... 1.ir: ...:th.n10! ir.c.:~ .• b.1!i .. tn. ihc: 
nu.:-li..·<>~idc ptndu.:-t:d :i.n l"ic\:11iün of 5 1n'\' tn ttu: 
mi•nchlindrial cu1;1p:ffi.n1:.!nt · .:.1nd ~-n m'\' in thc 
cytopi.:'m af1cr l.: ;,nd ~ hr of thc t1t:.J.tmt.:nt 
Ei!..!ht hr ~her trc~t1n...:nt th~.- ;-icti•.lll of ¡1dcnu..,ine l)O 

th~ cytcipl.:.ss1n '"ª"' !'-till arra1 en~ - althnugh Jl(I ~ff~ct 
'':as dctectcd within tht.: 1nitod1undria. l;, i~ intert:st
inc. hl1'"'cvcr. that adcnc.•.'.ine onlv n1odific!-- tht: 
c~;oplasrnic tedox state whcn thcre is a lo'" 
~AD-/NADH. nnio. i.t!. durinc cth:inol oxidation. 
Thc difft:renct"!-- in rcdox potcn\ial bctwcen the t''"'" 
Cl.."mpJ.rtmcnt~ rctnained fairly con"1ant duting the 
cnur~e oftht.: cxpcriment (Tahlc 3). 1cg.ardlc:ss ofthc 
tu:ntmcnt and of thc cytop}a~mic and n1it0chondrial 
mndifications induc.·t..:"d h\ cthanol a10nc or with 
udenu~inc. Although m tÍ1c n11..1m1...·nt it ¡..._ difficult to 
undcrstand thl.." physiolog1cal 111caning ofthc= rcyuin.·
ment to kccp at arnund 50 mV th<.· difft.:rcncc 
bctween cytopln~mic and n1itc,chondrial redo>.. 
potentjal. it i ... cvidcnt that thc constancy of thi<., 
cquilibrium wa~ rnaintained. :-..:n cvidt:ncc for éi dircct 
intcraction of adeno!-int" and ethanul n1ct¡1bolism is 
presentcd. but it sccm~ to invo]vc an indircct action 
mcdiated through fatty acld and mitochondria.l 
mctabolisms. The inhibition of fattv acid oxidation 
by cthano1 has been Teported f31]. 

0

the cffect being. 
measurab1c after 1 or 2 hr of thc treatment (Table 
2) and potentiated by the presence of adcnosine. lt 
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je;, im¡.;11t:~nt 1<> 1.:111pl1:i,i.1•_· th;1t thc: inhihitil~ll •lf fatty 
;idd t>:-..ida:iun inc~.Ked hy cthariol i~ ;:tl.~con1p.111h:d 
l'V <Hl i1n.:rL:<J.<..c in trklv.<..·1.:1idc.: hiu~'\"n1hi..·~i,. \\hcrc..:as 
01~h!nl'~inc inlii'-iitit.1n-iS et •ncc11nit;1i1t '\\ ith un inhibi
tinn in 11:~.:hcc1·idi: fl•:-111atinn. 

In !'Un•1~1~srv. l\Vo f.1ctor~ ~t.·..:::rn to he involvcd in 
~ht: pathn.!_.!c.:n~·.-.i" nf c.:th;:nol-induct:J f . .ttty 1ivcr: an 
incr .... :-.t:d -.upply l.)f Litty a .. :ids to thc..· li,cr c0nc-om
it:i.nt "\\ith an cnhanccd uptakl: and an incrca~cd 
:n·¡:i?al~ilitv of u-GP .. .!.,,Ue~1P<..int: ,1c~ion on t:thanol
i:1::iuct:d f::tt::-- lhcr dnc~ not apj"l1...·ar tc1 he 1dntcd to 
ar. H_O_-rnc..·di;ited cth:,!nol pt:1oxidation hut to its 
c:~fc:ct c1n the cyiorL::~mic rc..·dro;\,, ~!ate limiting the 
J\ :i.ii;;,hilit\· of u-Cjp. ~.nd to an r:nh.1ncc-d translo
cation and C.P.id:iliun nf the ro:..'"ChJC:inp pnwt:=r. 

In tl1t.· pr:..· .. t:uc..c nf :!li.-ipurinc,l. anl1thc1 rnechanism 
of <J.d.:·ri.1sinc·rnt:di:l<ed pr:.,\ t.•ntion of cthanol
induet:d fattv li\.t:T bt..·camc= c'\·idcnt. an inhit'iition of 
fatty :1cid nÍt.,taholi~m- Then:fc.1r;:. adcnosinc pre
'cnt!-- fattv Jívc:r bv lin1itin!! tbt:" av::ilahilitv of tht: 
prt:cur~or~ for tri<~cylglycciol synthesis. o.:GP and 
;..ic-•ICo.~. At the momcnt. ln"'l'\"-Cvt:r. it 1~ difficult to 
t:u~rc:latc hnth action!- of at.lenosinc that pre..,.cnt the 
ethanol-inducc::d fatty liver. 
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Abstract-The it..!mini,,.tratinn oí cy..:lo:ic-..imidc h• Í;:!'-tc:d o:.ib pr.-.duccd a 2- 10 ~-fold incrca~e in hepatic 
lriacylglycerols. The antibimic dt"crc~!->cd the !--crum kvcl 0f free fatt) :1cid ... triacylglyccrols and l..eione 
bodies. 11 al!l;o íncrca..,ed the incorrnr;:,tinn oí radio<!ct1vc palmitatC' imo iivcr lipids. lt is su(:.gcs1ed that an 
increascd upta.l..e of free fatty ucids anda:; ahcrc:d partidon bct"-een ~--.Aidation and es1erification are in volved 
in the forma1ion offatty Ji,.·cr by thi~ hcpalotoxin. The ~imultane<..ius administralion of:.idenosinc prcvcnted 
the formation offany Jiver. lt b pr<.~poscd that tht: cfícct 0fthc nucko~id~ m;'.iy be rdatcd to a dccrca~c in the 
uptakc of fatty acids by thC' ti .. ·cr. 

In recent years therc has becn a great intcrest in using 
inhibitors of protcin syntht.""sis to invcsti&ate thc p3tho
genesis ofthc fatty livcr. Thc impairment ofthc biosyn
thesis of apolipoprotcins and ht:nce of thcir releas.e has 
bccn considcrcd the main factor in the form.:::nion ofthc 
fattv liver 11-31. Jazci1evich and Villa-Trcviño 14) 
hav~ sho,vn that th~ administration of cvdohcximidc 
(CHM). a pov..crful inhibitor of protein °synthesis. to 
r::ns produces a ::?- to 3-fo1d incrcase in thc amoum of 
triacylglycc•ols in thc liver. This effcct ofthe antibiotic 
has bcen confirmcd both in l'il.'o 1 5. 6} and in ritro f 7 J. 
Howevcr. Sabes in 1 8] has shown rcccntly that acctoxy
cycloheximide. the most powerful inhibitor of protc:n 
synthesis in rnammalian tissue. neither incrcast:d hc
patic triacyglycerols nor diminished their concentra
tion in plasma. This author concluded that hepatic 
inhibition of protcin synthcsis is not sufficient to p•o
duce an accumulation oftriacyglycerols in the liver and 
suggestcd that in the pathog.enesis of thc fotty liver 
prOduced by CHM an increased mobilization of free 
fatty acids (FFA) rn:iy he involved l 81. Nevenheless. it 
has been shown previously that CH r-.1 does not incrcase 
the leve) of FF A in scrum. but rather decrcases it 1 5. 91. 
This efTect is duc toan enhanccd estcrification of FFA 
in adipose tissue l 9-1 l ]. 

The prescnt work was undertaken in an efTort to g.ct a 
clearcr picture of thc mechanism(sJ invoived in thc 
genesis of the fatty liver produccd by CH?i.-1. In addi
tion~ since it was shown previously that thc administra
tion of adenosinc pa.rtia11y prcvented the cthanol-in
duced fatty liver I 1::? J. the possibility that the 
nucleosidc may protect against the accumulation of 
lipids in the 1iver pToduced by CHM was also tested. 

MATERIAL ANO METHODS 

Cycloheximidc. adcnosine. 3-hydroxybutyratc dc
hydrogenase and zcolite '\.Vere obtained from thc Sigma 
Chernical Company (St. Louis. f\.10). Palmitic acid{ l· 
1"'C] as the sodium salt ( l 7.8 rnCi/m-mole) and DL-

leucinel 4.5--'H ]. (50 mCi/m-mo1e) were purchased 
from the Intcrnational Chemical & Nuclear Corp. (lr
vine. CA). Coenzymcs wcre obtaincd fram Bochringcr 
und Snehne (Mannhcim)_ Other chcmicals used were 
rcagent grade af the hest quality available. 

The expcrimcnts werc pc•formcd with malc Wistar 
rats weig.hing bctwccn 140 and 1 80 g and f'astcd far 
16-20 hr. Thc animah. we•e injcc1ed intrapcritoncally 
with saline (0.SS')é, NaCl) ar CHM (3.3 mg./kg ofbody 
wcic.ht) dissolvcd in sal in e and .... ·ith sal ine or adcnosine 
(:?OÜ mg./kg of body wcight) suspended in saline. 
Thcrcfo>e. cach animal was injccted twice. one injection 
immedi:llely aftcr the other. Four groups of animals 
"'ere forn1cd in each cxpcrimcnt. Le. salinc ...._ salinc~ 
salinc....,... adcnosine. CHM + saline and CH!\.1 + adcno
sine. Othcr conditions used are indicated in thc tables or 
in the text. 

1-lepatic triacylglyccrols wcre dctc•mined by the 
mcthod of Butler et al. f 131. Scrum triacyglyccrols and 
scrum FFA WC:I"C quantified using the mcthod~ of 'Van 
Handel and Zilversrnit l 14] and Dote and h1ei
ncrtz 1J51 respcctively. Blood kctone bodies wc•c 
quantificd cnzymatically: 3-hydroxyhutyratc (3-0HB) 
and acctoacctate (AA) according to J\.1ellanby and 
'\Villiamson [ l 6 l and '\'\'Bliamson and r-.1cllanby 1 171 
rcspcctivc)y. Total kctone bodics wcn: calcuiated as thc 
sum of 3-0HB plus AA. 

T"' study hepatic protcin synthesis. animals wc•c 
injected with radioactive leucinc (50 uCi/kg body 
v..·eight) 30 min befare being killed. The incorporation 
of the amino acid into Jiver protcins and thc acid
~oluble radioactivitv wcre detcrmincd es~entialh· as 
described bv Jazciievich and '\:"ilh:t-Trcviño i 4]. -Thc 
incorporatiÓn of radioactivc palrnitate into iivcr and 
adiposc tissue lipids was studied in pulse-typc experi
ments in which the animals wcrc in_iectcd intrapcrito
ncally with palmitate ( 10 _uCi/kg ofbody wcight l. After 
15 rnin they were killed and sample~ ofthe Jivcr and the 
e:pididymal fat pads wcrc rcmo·ved. weighed and 
homog.enized. Lipids wcrc cxtracted by thc rnethod of 
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Fig. l. Time cOUTsc of thc cffcct of c~cloheximidc and adcnosine C'ln hcpatic triac:ylglyccroh.. Vertical lincs 
rcpre:-;cnt the standard error of thc mean of at lcast five dctcrminations. Kcy: (0-0) satine + salinc. 
(• - - - •) saline ~ adcnosine. e~· -- :.) cyclohc:ximide + sa.Hnc. and (.a.. - - - .a..) cyc1ohcximidc + 

.adenosinc. 

Fokh ez a/. l 18} and f"adioactivity in the lirid extracts 
was counted as describcd prcviously ! 91. S:.::nistical 
significance betwecn comparable groups v.·as deter
mined by Studcntºs !-test. 

RCSULTS 

Thc: administration of cycloheximidc to fasted malc 
rats increascd thc amount of triacyglyccrols in the liver 
(Fig. 1 ). A rnaximal. 3-fold in crease '"·~~ dclccted 4 hr 
aftcr treatment. following. which the effect declined 
(Fig.. 1 ). Adcnosine alonc produced only minor modifi
cations in the amount oftriacyglycerols in thc hver but 

Table 1- EfTcct oí cyclohcximidc and adcnosinc on the con
ccntration oí Ji ver triacylgl)-'Ccrol~ in male and fcmale rat~ • 

Trcatmcnt 

Saline -+ saline 

Salinc ~ adenosine 

CHM _... salinc 

CHM + adcnosinc 

Livc:r triacylglycerols (mg/g) 

Males 

2_99 ± 0.27 
(5) 

2.28 ± 0.38 
(5) 

9.74 + 1.04-
(5) 

3.30 = 0.41§ 
(5) 

Fcmale~ 

8.60 = J.30 
(6) 

s.12 ::= i.:n 
(7) 

22.12± 1.91~ 
(6) 

14.08 :::!" 1.08 
(8) 

• Detcrminations lNcrc made 4 hr after ucatmcnt.. Thc 
rcsults a.re cxprcsscd as tnc mean := the standard error of thc 
mean VifÍth t.hc numher ar animal~ in parenthcses. 

'i' P < 0.001. compared to the i>aline ..,. saline group 
(males). 

:;: P .r- 0.001. compared to thc ~atine ...._ saline group 
(fcmalc:s). 

§ P -: 0.001. cornparcd thc CHM - salinc group 
(males). 

I! P < 0.005. campa.red the CHM .... satine group 
Cícmalc:s). 

blocked completely the production of fatty livcr by 
CHM (Fi¡;. I). 

lt is well kno'\\.'Jl that female r:its ~how increased 
susceptibility to fatty liver induction after trcatment 
with hepatotoxins 1 19]. so the efTect of CHJ\1 in female 
rats was tcsted. lt ""'ªs obscrved th:it íen1alc rats had an 
increased amount of triacylglyccrols in thc livcr. com
parcd with males (Table 1 ). Cyclohcximidc produccd a 
2.5-fold incrca~c in thc arnount ofhepatic uiacylglycer
ols in femalc rats and this efíect was also blocked by 
adenosine (Table 1 ). In other words. thc eITccts of 
CHM and adenosine on hcpmic triacylglyccrols. were 
observed in both male and fcmalc rats. 

Thc possihility that adcnosinc might reverse the 
inhibition of protein synthesis produccd by CH1\.·1 was 
considered and tc~tcd. A!-. cxpected. CHJ\1 dccrcased 
the incorporation of lcucine (-:..:95 pcr cent) into liver 
proteins and incrca~ed thc amount of thc labcl in the 
acid-soluhle fraction (Table 2 ). Adcnosinc wus unablc 
to reverse this inhibition of protein synthesis and ac· 
tually secmcd to ma!!Jlify it (Table 2). 

The effcct~ of CHJ\1 and adcnosinc on serum lipid~ 
were studied. Cvclohexirnidc dccrca!'.ed thc; amount of 
o-iacylglyC'crols ·in the serum by 55 pcr cent and ndeno· 
sine""'ª!-- unable to restare it to its normal value (Table 
3). As has becn reponed prcvinusly. CHJ\1 produced a 
marked decrcase (about 40 pcr cent) in the conccntra
tion of FFA in the scrurn (Table 3) 15. 9 l which ""'a.o; not 
rnodified appreciably by the nucleosidc. 

The: leve! of FF A in the scrurn rcsults from a balance 
hctUteen lipolysí:.. mainly in <:idipose tissuc. and utiliza
tion. mainly in adipose tissuc and livcr. Thc incorpora
tion ofradioactive palmitate into total lipids of adipo~e 
tissuc and livcr was studicd in puhc-type cxperimcnts. 
asan index of the utilization of FFA. Cycl0heximidc 
produced marked incn:asc:. in thc incorporat ion of 
palmitate in both adiposc tis~uc and 1ivcr (Table 4). 
Adenosine markedlv decrcased thi~ eITect of CHJ\1 on 
the hver but only sli!!htly afTectcd its action cm adiposc 
tissuc. suggesting a diITcrcnt sensibility (Table 4 ). 



Table 2. EfTccts of C)Ch.•h..:).imidc and m.1..:no.e.inc ._,n thi: incozp,,r~!ti(•n of 
lcucinc in to rat Jivcr protl·in • 

Trcatrncnl Protdn 
(cpm/rng protcin) 

Acid-~o1uhk fr;:¡ction 
(.:pm/mg lh.i::r) 

Salinc + s31inc 

Sa1inc + adcnosinc 

CHl\1 + saJine 

CH~1 • adcnosinc 

~27.04 = 14.83 
(5) 

316.0S ~ 10.76 
(5) 

39.42- 3.91 .... 
<s> 

1 8.64 =- t .40 ..... ~ 
(5) 

• lndications as in Table l. 
_,.. P 0,00 l. comparcd to thc saline - salinc grnup. 
::=- P < 0.005. CC'mparcd to thc CHM - ?<oalinc (?roup. 
§ P O.O::. comp<ircd to the salinc - salinc g.roup. 

S.97 ...._ 0.28 
(5-) 

10.41 ~ 0.79 
(5) 

15.92 ....... o.2s+ 
<s> 

15.92 - 2.:?.S§ 
<si -

Dl~CUSSION 
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The wnount ofketone bodies in the blood reflects the 
oxidation of long.-chain fatt)' acid.s by the liver 1 20}. 
Cycloheximidc produccd a strong. decrcasc in total 
kctonc bodies that resulted from a diminution in the 
lcvels ofboth 3-0HB and AA without modifying the 3-
0HB/AA ratio (.Table 5). Adcnosinc was not able to 
reverse this eITect and no direct action ofthe nucleoside 
on this parameter was dctected at thc time tested (Table 
5). 

The prescnt study confirms that the adrninistr:ition of 
CHJ\1 to rats produces fatty liver (Fig. l. Table l) ( 4-
6}. As expected., thc antibiotic markedly decrcased the 
!-Crum level of triacylglyccrols (Table 3 ). lt al so de· 
crcased the serum level of FF A (Table 3 ). a..-. has becn 
shov.-n previously l 5 .. 91. Hcncc. the h~·pothesis that an 
oversupply of FF A is invoh:ed in thc pathog.~ncsi~ of 
the fatty liver induced by CHJ\.1l81 may he di,carded. 

Table 3. EfTccb of cyc.1ohcximide and ndcnosinc on scrum 1ipids • 
--·-------------
Treatmcnt 

Salinc + ~inc 

Satine+ ndcnosine 

CHM + salinc 

CHM + adenosinc 

FFA 
(ucqui.,,·/Jitcr) 

480. 78 = 64.54 
(8) 

487.33 :± 49. 76 
(6) 

304.38 ~ 39_92+ 
(6) 

267.82 :± 33.16§ 
(6) 

• Indications as in Table l. 
T P < 0.05. compared to the satine + ~""llinc group. 
~ P < O.O l. compared to the saline + satine group. 
§ P < 0.02. compared to the salinc -+ satine group. 

Triacyl{!-lyccrol~ 
(mg/t00m1) 

63.12 :t. 8.96 
(8) 

65.94 = 5.31 
(4) 

28.81 = 3.15:!:" 
(5) 

35.87 :t. 4.74+ 
(4) 

Table 4. EITccts of cyclohcximidc and adcnosinc on thc incorporation of 
palmitatc into lipids of thc liver and epididymal fat pads • 

Treatmenl 

Satine + ~inc 

Satine -+ adcnosinc 

CHM-+ satine 

CHJ\.1 .... adcno~inc 

lncorporation tcpm/mg .....,et wt) 

Livcr 

975.16 = 168.6:? 
(5) 

872.80 = 170.96 
(4) 

1901.20 ~ 79.:?.7+ 
(4) 

920 . .50 = 97.0&:!: 
(4) 

Fat pads 

1372.22 :t ::?.27.48 
(5) 

2382.46 = 532.12 
(4) 

4570.05 :!" 673.:?.5+ 
(4) 

3269.60 :::- 347.99 .... 
(4) 

• lndicat.ions as in Table l. 
~ P < 0.005~ comparec! to thr saline - salinc group. 
=:: P < 0.001. cumpared to thc CHM .... sa.hnc group. 
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----- -------------------------

Trcatmcnt 

Saline -+- s:iline 

Saline .._ adcnosine 

CHM ... saline 

CHf\.1. -+ fü.icnosinc 

3-01-18 

18-18 .:!: I.70 
(6) 

::!.0.43 = ~.05 
(6) 

7.'2.3 - 1.49+ 
¡5¡ 

9.~o = 1.30:: 
(5) 

• lndio:atinns as in Table l. 

AA 

(_¡¡molt::s/100 ml) 

21.00:!: 2.50 
(6) 

21.Ktl := 1.86 
(6) 

7.!-3 = 1.03-
(5) 

9.14 = l.55:;: 
(5) 

Tnt:..sl \... ~lonc 
nc.1dies 

39.19::::. '2..96 
(6) 

42.24 :: 2.89 
(6) . 

15 . .:?::Z. = 2.02 ... 
(5) 

18.44 = 1.86'1" 
15) 

3 OJIB 

AA 

0.87 

0.93 

0.96 

1.0:? 

+ P ü.001. comp:u-ed to thc satine ... !'-alinc r:roup. 
:t P 0.005. comí'ared to the satine - :e;aJine ¡;:rnup. 

The incorporation of radioactive pa1mitate '""ªs in
crcased 2-fold in rat.s treatcd with CH~1 (Table 4). But. 
sincc the aniount of FFA in the serum ofthese rats was 
decreascd by 40 per cent (Table 3 ). thc incrca!.cd 
incorporation seems to be due to a minor isotopic 
dilution and thereíore the nct incorporation oí FF A 
mav have becn the sarne. Nc\.crtheless. it is ,_,·e11 kno .. vn 
thaÍ the uptake of FFA by the livcr i!> directly propor
tional to the concentration to which it h. cxposed l 211. 
Since in rat.s trcated with thc antibiotic the !->Crum lcvcl 
oíFFA was lowcr. the results suggest that thc uritakcof 
FF A by the livcr is incre::ised probably due to thc 
structural changes in ccllular :mcmbrancs ofthe hepato
cytc. as reported previously 1 ~:!.l. H0wcvcr. thc possi
bility that the increased incorporation of radioactivc 
palmitate may have resulted from an accumul::uion of 
labcl duc to the inhibition ofprotein synthesis. cannot be 
rulcd out complctely in spite of the foct that the cxperi
ments were pulse-type. Thc increa~ed incorporation of 
palmitate into epididymal fat pad lipids is in agrecmcnt 
with t.hc stimulation of thc esterification process. pro
duced by t.he antibiotic l9-I 11. 

Cyclohcximide dccreased the blood lcvcl of kctonc 
bodics by approximately 60 pcr cent (Table 5 ). This 
cITcct may be due to a diminished av:::s.ilability oí fatty 
acids w1thin the hcpatocyte. which seems unlikely tak
ing into account t.he points prcviously discussed. ar to a 
change in thc partition bct"-t:en cstcrification and oxida
tion. In addition. prciiminary evidcnce suggcsts that 
CH?\1 inhibits the oxidation of FFA. Liver homogc
nates from CHM-u-cated rats exhibil a diminishe:d pro
duc:tion oí AA from exogenously supplicd fatty acids. 

In conclusion~ the production oí fatty liver by CH~1 
seems to be due tC'I an enhanced uptake of FF A (Tables 
3 and 4) andan altercd partition bctwc:cn oxidation and 
t:Steriñcation (Tables 1 and 5) in thc pre~cnce of a 
stron!! inhibilion of protcin synthc~1s (Table :!). 

11 was observed that fcmalc rats had a largcr amount 
of t.riacylglycerols in thc liver than males (Table l ). 
Thi~ difTercnce has becn observed previously by other 
authors 1 23 l and it is probably relatcd to the differcnt 
metabolism oí free fany acids by male and ft::male rn.t 
livers 1 241. 

Adenosine compictely prevented thc formauon of 
fatty liver by CH f\.1 (Fig. 1 and Table 1 ). The nuclec
side affected neither the inhibition of prmcin synthe~b. 

nor the dccrease in }Oerum triacy1glyccro1s produced by 
the antibiotic (Tables ::? and 3). Thcrefore. an increased 
output. oí íat from the livcr is not t.he mc:chanism oí 
adcnosine action. The cffect of Cl-1~1 to decrcase the 
serum level of FF A was not modificd h~· the nudeoside. 
but the incorporation ofradic.,activc palrnitatc into liver 
lipids W<.'!.~ strongly diminished as compared with that oí 
the CHh.1 -....- saline group (Table 4 ). This n:suh suggests 
that livcrs. ucated with CHJ\1 plus adcnosinc do not 
prescnt thc cnhanced uptakc of fatty acids produced by 
thc antibiotic. Thi!'- p0int is ~upportcd by thc inhihition 
of a.cyl-CoA synth::ta~c produced hy adcnosirn: hoth in 
i·fro and in l"irro 1 251. Thc activitv oí thi~ cnzvme is 
csscntial for thc hcpatic rnetaboiism of fatty- acids 
supplied by the depots. The cfTcct of adcnosine on this 
enzyrne is. tran~ient l 251. and no uc1ion on FFA uptake 
was obscrved in rau. trcatcd v.·ith sal inc .... adcnosine 
(Tables 3 and 4). Thcrcfore. in rats trc.:utcd with CHM 
-. ::idcnosinc. a lcngthenin~ of this uction oí adcno::.inc 
seems to exist (Tables 3 and 4). 

The diminution in the lcvel ofscrum J...ctonc hndic.s in 
rats trcatcd with CHM + adcnosinc w:'.!::. similar to that 
obscrvcd in rats t.rcated with CHM ..._ salinc. lt is not 
clear yet if this action is dueto a diminishcd uptakc oí 
FFA (Tables 3 and 4) or to-thc efícct ofCHJ\1 on FFA 
oxidation. Previously. it was reponed that adcnosinc 
decrcascd the Jcvel of J...cton~ bodic~ in ~crum 1 :25 l. but 
the result ohserved in rats trc:ned with CH!\.-1 -t adeno
sine (Table 5) does not scem to be relatcd to this cfícct 
of thc nucleoside. sincc adcnosinc profoundly aITects 
lhe 3-0HB/ AA ratio and in t.hc prc~cnt stud) no 
modification of this paramcter wa~ ob!'>ervcd. 

In a previous paper it ""as shown that adcnosine 
pania11y blockcd the cthanol-índuced fatty Ji..,cr 1 t 21. 
This action wa~ st.rongly rclatcd to thc cff ccl!-. of cthanol 
and adeno!l.ine on the cytoplasrnic redox stalc 112}. In 
this papcr anothc• mechanism by which adcnosinc 
prevent.s fany Jiver is prc~cntcd: a diminution of the 
hepatic uptake of fatty acids providcd by the depots. 
Since t.hc enzymc that rcc.ulate fattv acid mctabolism 
are rnemb;ane associated ~d CH?\1.ha~ bccn shown to 
have an irnpor..an: é!Ction in tht: structure and function 
of cell membrane:. of thc livcr 1221. the intcraction 
oí thc: antibiotic wilh tht" nucko!'.ide in thc induction 
oí the íatty liver could possibly occu• at mcm brane 
leve}. 



r:xp<:rimcn.ts :1n: in progrcss to clarify !'tome of thc 
points rabcd in this di~cussion. 

Acl.:ncn,,·/._•Jgc111 .. ·nt---Thi~ rc~c:u-ch '"'a . .-. panially supponcd by 
Grant PNCli 00-4-4 fn:'m thc Con~cjo Nacional de Cii.-ncia y 
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incr~~~ed rates of Sta~e 3 respíration and pho~pl1orylatíon rates ~n the 

pr~s¿nce of Sire I substrates. 

;...:.:::::-e addítive. ~o errect ~as obser~ed on the oxidation of st1ccjnare. 

Mitochondria1 ATPase activity anó that of the adenine nucleotide t~ansJocator 

'""'ere unafíected by any of the treat:ments. In order t:o ·determine if the 

action was on the respiratory chain the oxidation of NADE or succinate ~ere 

studie.d in sonicated mit:.ochondria and submiLochondrial particJ.es. The 

oxidar.ion of NADH ~as stimu1ated by adenosine treat:ment in both preparations. 

The data indicate that the administration oí aaenosine enhances the activity 

of the mitochondrial respiratorY chain and that the effect is persistent 

after mirocbondrial iso1atíon and even after the dis~uption of its integrity. 



1 • l ?'"I RODUCT 1 ON 

!"cJc~nosi.ne :-1d;r·5.ni~t.J'"ation LO f:1sl·-~r1 r.:iLS :inh:il..-its the ino!,1ct_"i.::.n of 

íatty live.r by ~th..::.n ... ""\1 dnd c~1111:-:1)ces i..:'.L~-..-,no1 ,-.; .. id;'itinn (1). 'ELh:'in01 is 

t:":3Ínly o:-:idizc~d vj a alcohol dc.:hydr.o~e:n:?.$C in t.he: cytopl:!srn gent"r.ating 

Ace~sJdeh~de is o~ídized in the rnítocl1ondria by 

ace:..aldehyde dehydrogenase ge::nerating ac~t.at:e a:-1d ?~ADH- Therf::fore an 

incre3se in the o:--:idation of ethano1 wil1 incrcase the supply o:f rf'!duc:ing 

power (KADH) to botñ compartments (cytoso1 and mitochondria). However,. 

adenosine increaSes ethano1 _oxidation but ame1i9rates the redox _state 

produced by etha!l~~ ·:~.ox~-d~t~f'on :in .both compartm.ents (1.,.2). :It is ·general1y 
. ,: ~-- -

accepted that<-th~~;,;~r~c;:-e·::~iitíi{«t:iiig,.st::ep in the met:~bo1ism of: ~thá.Tt'ó1 is the 
.':> ·.~-:~.:·,·r.<((;-~~-;1~1~:f.·.t:::t\:F~:~:':.:;;::;~;:._-::.<;(_:::-,., \. ·. : ·. ·. _-_. ; -... :\- · ·:.:·: ·." ·~ 

reo>:ida:tiOn ~.o·f.~-N~H/~'~(3·;'5) ·,i;:and\: ihat: ethanol oxidation is stiTitu1ated by a gen ts 
.; ~ ·:. ;·:·;~~---,~~~;.;~\::'.~:/~~~~~i~r ~-~:;~~~r~~;~r;.-:r~~;~;~ . :_·.::" .. :,.-- ~- . · ·. . . . · ~-~· .... :--,_-: . ~ -. ·· 

tha-t :1ncr~ase.;:~ __ the;~.e1e·ctr'on:~f1ux"-: through the. mi t.ochondr::i.a1=:,·resp::i.ra tory cha in 
. -:·.- .>:~· .. ft~-~-·/::·~f}.~!;)~4'~~{;i~~~j)j~~~~?:f~~:)t{~~f/;j_«:::~:\.'./.?,··;·.< '. _' ·. . , ;·;:. - ·.·--.:~;.:· .- . .; 

and t~,~refore::·e·nh.aric'é'.-the.'uti1i.zation of reducing power,,· (~),~ Taking in to 

accou'n~::'fi'.;~{fiE\~'~,~-:~\, ¡t,, ..;,;,,,5: ~uggested that the áctiori ·;,,f, adenos:Lne rnay be due 

to ~n;:in~~~~~~~r~~~;~~~o~~t:ÍC:,r{of reduéing power from, the cytop1asm to the 

mit:_~.C~-~-~~~:;i.~~~=-:-.~~-d>._·(~s·:· u~.i1·i~atio~·. by ~he respi1-atory cñain Cl.:12).. Consist:ent 

-wit~:~~i~~-~;',_·~.~~·gg'~S~'i.on:.ar'e .. -tl:le fo11owing· facts:· adenosine administ:rat:ion 

iri·~~~·~~~~:'_:-~~:~ -h~pa~'-i.C leve1 of ATP (1:16) :t decrease the level of i.norganic 

ph,ospha_t_~- aTid e1~vates. the energy pararneters of the ·hepatocyte (ATP/A:DP rat:io9 

phosphory1ation potentia1 and energy charge (1,6,7). Furthermore~ aCenosine 

marked1y decreases the amount of NADH in the miiochondria as reflected by a 

7-fold increase in the mitochondria1 NAD/NADH rati~ (8). The data strong1y 

suggeSt. ári ."erih-anced · _tran·sduction of T-edo>: po~er int:o high energy bond s. 1n 
. :- ' -

an e:E.fo~r '.t:.o'.- g·ain m~re insight. in to the m·echanism(s) of action of the 

nuc1eoside:t·· the eff'eCt:.s of acute adminis¡:ra-cion of et:hanol and adenosine on 
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2. !-:.-\TERT/11.1..S / .... !.;:D >:ETHODS 

from t:he Sigma Che...-nical Corr.;:iany (St:.. i..ouis, !'-1o. ,) • J;icot.inamide adenine 

dinucleot:.íde in rhe: reduced f"orm (~_.:...nH) '\.:as obt.ained frorn Boehringer und 

Sohne (Nannheim). ~-14J Adenosinc-5-d:iphosp~ate (SlmC:i/:..mo] e) '\.:3S purchased 

to Amersham (Arlington Height, IL). Other chemicals used were ·reagent grade 

of the hest quality available. 

The experiments were períormed witb rna1e Wistar rats, weighing between 

170 and 210 g, which were fasted for 16-20 hours. Eth.anol ·'\.:as administ.ered 

through a stomach tube a t a do se of 5 g/Kg · l::i.ody w'eight • Control anima1s 

received an isocal.oric dose Óf glucose_' (9.'_3. g/Kg body -weight) - Immed:iate1y 
'.,· .. _.· : . 

after gastric intubation, ·th~ ·-~n:Ímais we;.~-·injected intraper:itonea1ly with 

saline (O. 85% NaCl) or adenosin'e (200 :mg/Kg body weight) suspended in saline. 

The animaJ.s were sacrific:ed 2 hoUrs aft:er treatment by decapit:ation and 

e:>:sanguinat:ed. Liver m~tochondria were isolated by d~frerentia1 centrifugation 

according to the procedure of Schneider and Hogeboon (9), and stored in ice 

ar a concent:ration of 40 mg protein/ml. Sonicated mjtochondria were prepared 

as follows: iso1at:ed rnitochondria susp~nded in 5 m1 OÍ 0.25 M sucrose, l m..~ 

EDTA, l mM tris/HCl pH 7.3 (20 mg pro;:ein/ml) were sonicated in a type 7685/ 

2 Mu11ar apparatus lar 3 periods of 2 ~inutes. After this trcanoen~ ~arked 

t:ranslucency ·changes were observed. The susptnsion Yas centrifuged at 15,000 

x g for lO min to e:timinat:e in't.act mit:ochondria (pel]et) and the supe=natant: 

saved (sonica~ed mi~ocñonó=ia). Su:-irni L ochondrial part:.i e] es ....:E::rf:: pre:;:;areC as 
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at 100,000 x g for GO min, thc su~ernat:s11t ~:~s discar~d and tl~e pellet 

rcsuspc~ndi.?d in 0.25 }f sucrose. 1 :~·1 !:::JTA,, 1 r.;~·1 t1.-is/HCl pH 7.3. 0:--:yge:n 

Respiratory 

rates,,_ rcspirat.ory c:_;!l.t rol r~t.1c·s (KCR) ;-,;1d A::JP/0 rat.5os ..... ,ere ca]culated 

according to Ch~nce and ~illiams (JO). 

The rate of phosphorylation ~as ~easured as fol1ows: "mitocl1ondria 

(O.l mg of protein) ~ere incubated in l ml of rnedium cpnLaining 250 m..~ 

sucrose, 20 mM ·Tr:i s, 8 m!'l !'-lgC12 and 10 m.'1 H3P04, pH. 7. 3. The medium ,,.,.as 

supplemented w:ith glutarnate (10 m..'1) plus 1 rn.'1_ma~ate-or succinate (10 mM) 

as_ substrates. The reaction w-as i~itia"ted_,. Oy ___ - i:ri'E~ Bddi.tion of 120 nmol ADP. 

The generation and extrusion from the mitoC:hondri.a .of ATP 'Were recorded 
,· ., . ,_ 

as produ_ction of NADPH by ·adding to the,:medium ·50,m.""! glucose,· 4 units 

he>:okinase, 80 nM NADP, and 0.35 'uní~~ gluc_ose-'-6_-phosphate dehydrogenase. 

Generatiori of NADPH .was fo11owed at ·3:40 -nm in·:,a Pye_ ·unicam ~pectrophotometer, 

' the absorbaTice. change being co':_'t:iñuo~s~y ,.re'~~~O·~·d. . The reácrion ~as 1inear 

far at ieast ·five minutes. 

mitocQoridria were det.ermi.ned in-· a per'chloric• acid ~e~_tr~-ct-·as described in (1) e 

The a e ti vi ty of glycerophosp~ .. t~ ºJ<ida, si:)..,~~. ~s"',;;:'y_ed polarographi cal ly 

in the -whole homogenate (11.).. -i:ti_·~s~'.:'a·_2-1:·Í.~~-~-k:,~:·.~'.;~-:~::~~~-i~·rmined at: 30°C in a 

reaction system consist:ing of 200:.~;_;s·,_i~ro~e?~--,;i._'1- EDTA, 10 m.."1 ATP, 50 mM 

tris/HC1, pH 7 .. 4 and about 2:-~~- :.Of:·:nli'tOChOn·ari.a:i·;_-protein, in a final valume 

of 1.5 ml .. In some e>:periment_s 2·m..""1 MgC12, 100 )lM D1'"P or 100 yM DNP plus 

20 yg oligomycin -were added. The" reaction was :initiat:ed by ATI' and -c.errn.inated 

by -the addition of trichloroacetic acid (fina1 concentrarion 5%). After 

removing precipitared protein, rhe re1ease of ionorganic phosphate (Pi) ~as 

óeL.ermined in a1iquot:s by r.he neL.hod o:f Su..-;:;ner (12). 
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The ;:¡ct..ivity of adenine nucle::6ot:ide t1·;1.nsloct?SC ·w:?s n.H.~.-!~ured by 

dctcrm~ning che translocat:ion of ll;c-.-"UJP :into t:he p1:itochondYia 

aCcording to the method describe-d by l .. i-rn•~r (]3) .~s .:-,ru~i.f:i.:-d by Gordon (14). 

:Hitocñondr:ia.1 s~e1] ing ~as asF.ayed esscntial 1y as dr:!scr:i'l1ed by Cedc::rbaum ~ 

al (15). S~atisr:ica] sign~richnce bet~een compa1-3b]e groups ~as de~ermined 

by the Student's .:;_ ~est. 

3. RESULTS AND DISCUSSION 

The· oxidation of site I substrates_ (glutamate, malate) by 1iver 

mi t:ochondria is ola ted f rom anim~is .-·cr·e~-t·.~;d'.-"wi~b ·gi ~-c~s·e ar.~ -e_th~:rlO:i and sa lin e -,., ' "···· . ~ -.,. ., " . ' . ·-.-~ - . - . 

or adenosine was stÚdied •. · ... The 'adnl~nistri.t:i~n,,~r;;:adeno~in~.· Ór. ethanol in crea "ed 

the rate .. of --<:>~Y~~~ of both agent.s 

(ethanoi + ;¡~;:f~~f;e':···I): No signifi cant 

éhanges in··· was higher in 

··ethanol as 

comp·are'd·.'. to ... 
slig.htly 

increased~·by.:~t:h "nist: · · · ·:,.,,,:'·adenosine •(Table I) and the /illP /O 
- e,•,· . .c;c"-·<·, .h!·~·:,.,,,,7 ;~:~;;;',-, ~~~;1~~~!1~~;;~.~~~4/,;:: _:; 

uasn~,:~~!~~~~t~~;rjlfi~JJ! •·· . . . . . our effeoo o< eoheno> or 

a_denosi~~.::.wa:s·'.:;~]:>_se:rv.ed_i3~:a...n:(:an_y~!.i_O r sp:::i..ratory parameters mea su red (Tahl e I). 

The ~xi~]~f~fi~~i~~l~~F.~~f~~~t1~f1;;~:.~;~J.,.· ~~olated mitochondria ·was unaffected 

by the admin1s'C.Tat1on~~:;of~-'.{'ethanoJ.'·;:::;,s1i~gh:c.1y reduced by adenosine and significantly 

diminisbed 'i¿¡~~~~tij~;~~~f~~:~~'J;:ea~:~ri~'·~h~ ~at ~ith both ethanoJ and ~denosine 
(Table I); c.o~si~~~~:=- -~:i.t:h:-. th'ese '.finóings are rhe activit:i.es o:f 1H~r;atic alpha

glycerophosp~-~:;~<-~~~::~·~·~:e·· ~hich "Wer~ as fol.lovs: g1ucose + saline group 10. 82 ±. 

1.39; g1ucose +·Bderiosine group 7.56 + Q.85; ethanol + saline 8.34 ~ l.11 and 
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et.hano1 + adenos:ine: 6 ... 98 ± O. 33 n~toms o2 min -1 mg prorC!in -1 (the r'--•snl ts 

;;¡re the r.lean ± SEt1. of 3 determinations in ·each C:?Se) .. 

The effects of ad~n6sine and ethano1 on the rate of pl1osphory1ation by 

isola~ed mitochondria ~ere a1so studied and the results are pr~~~nted in 

Table II. 

The rate ,º~· p~osphorylation using glutamat:e p1us. rnalat:.e as subsr..rat:es 

~as sti~ulated iri mitocbondria iso1ated fr~~_ariima1S treated ~it~ either 
·~.:- ,_. - ' 

ethano1 or~.-adenosine, and the ac t~o:n;_;· o.; e.~~ª.!1~.~:_\,.7:_~·d -.r:~a~no:>ine. were ad di ti ve, 
-~ .. ,' ' : -~ . :: ~ ·_;. ,,: . - . 

~:::::i':~~::::;<~::t:::t:':::<:.::1~¡¡~~~i~~iltlt(~;~i~:c:::::·::·•i,. 
substrB..te: ... -:~\·; Ad~~Os'i.ne·:·tr-eatToent hád very-? .. 711ttl.e":··:effect··"on''..-e:i..ther ~ the basal 

rate of p~~~:~orylation or the ac~~~2::. ~~f;~~~g~ii~it':]01~~,~~:~~l~:~;,, was used as 

substrate':'.·~'(:;ab1e II). · ',.. ';it' ' ''.(.l ·· ·; ~''. 
·~· 

'It· hBs ?een proposed that i:he ·;ti:~~ri;;i~6-;cf~tio~ ·O~: aderiine nuc1eotides :is 

rate limiti.ng for oxidative phosphorylati:ol:i .. (16) · and 

the 'transl.ocator p1ays a rol.e in th~<·~t·~··~;~:Í:~ation. oí 

that the activi~y of 

the redox states of 

cytoso1 and lJ!Ítochondria (l.7). H~~ever, the importance of this trans1ocator 

has been questioned C1S,19) •. undei:. OU~ C0nditions no signif:icanr· modif"ications 

in the act:ivity of the enzyme were · .. Óbserved (Table .III). An increase in the 

adenine nuc1eotide poo1 ·in the mitochondria has been c1aimed as responsible 

for t:he ef:fects oÍ~ ho.riné>nes· on mitochondrjal f'unCtiO,? (20,i2). Linde~ our 

conditions, no signifi.cant change in the amou~··t:- ~:f -~~enine nuclt=ot:idf!~ -. .. :as 

found af~er any oÍ the treatments (data not ~h~wn) .. Modificat:ions in the 

acr.iviry of 1:he mitoc.hondrial ATPase have a1so·been observed afL.e~ ilo:-;uonal 

st:Unulation (20,22). The activity· of the enzyme was assayed under basal and 

st:L-nulat:ed conditions.. No effect of" any of 'the rreaCDents ..:as observed (Table III). 



6. 

Alt~r~tions in .tl1e p~rr~c~bility of rate l~miting ~~cLoi·s could_pl~y 

a role in the eff"ect.s of the nuclC"osjde on o.:-:iC."'3tive pl102phoryJ~t:ion. 

Howcver, neither che activity of the ad~ninc nu~l~oLide ~r2nslocacor 

(?t:!rmeability to .!UJP) nor the ATP'.ase (protons) v..~~re ;;:;.i.gnilicantly affected. 

In an efíort t..o detect: major ch~n&eS in t.he perrr.eabilit_y oí t:he inner 

mi't.ochondr5.al membrane, t..he abilit:y of mitoc1-iondria to s~ell in the. pre.sence 

of amonium sa1ts ~as assayed. No signjlicant cñanges ~ere observed in 

response to any ~f the treatments. The uprake of oxygen by sOnicated 

mitochondria an·d submitochondria1 particles, in ~hich no perme.~~i1ity barrier 

The o:>:idation oÍ NADH ·was stimulated ·in preparations 

írom aderiosine-treared anima1s (Tab1e IV) and no eff ect on the oxidation of 

succinate was observed ·(Tab1e V), in agreement with the resu1ts obtained y;-ith 

intact mitochondria (Tables I and II). The data ru1e out the participarían 

of mitochondrial matrix factors or metabolite transport in this action of 

che nucleoside and suggest that a change in the rnjtochondrial inner rnernbrane 

is produced-

The adrainistration of adenosine to íasted rats results in a change in 

the hepatic mitochondri_a]. function, persistent even, after the isolation 

procedure_ The efíect seems ca be localized in the respiratory chain and 

is m\.1ch more easily observable_ with si te l. substrates. The physiological 

relevance of thi_s .:·fi_..:Jd'~~--~:~--:~::-~~-a~-ins to es!:.ab:Lished .. 

linked to the f"ol.J.owin:g . ..:ct:io~s of the nucleoside: 

However, it seems to be 

a) the increase in the 

energy parameters':'c':(¿-~;.·~xx~·;·;· ·'·bY the increase in .the mitochondrial NAD/NADH 

ratio (8) and .':·:_·¿s ·: tli;e· d~".::r·~~~e :in etha¡io1 oxidation and ameliorat:ion o:f the 
....... .. :.·.: .. ·' 

ethano1-:ind~ced f;;.tty 1-:iver (l.. 2). 

We previous1y suggested that the transfer of reducing power from cyLoso1 
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t.o rnitochondria and its o:--:iciation in t.hr::! nitc.c~;('.,.l"lth:i."1 ~: .. -,.y be .:'! :::;;gnjíicant 

amel:ior.ates the cytc.1pl.:i.s::l:ÍC r(:'deo:>: ~t:J.te L-:'-H:: to c~tf;<-:nol C--·:-·:i.-3ñt_jon (1~2). 

The prc:-!sent data ] 2nd !:upport to t.ha't ~,.:~.s~!St ion. 1n 3<l0itjun,it suggests 

that the tra.nsfer of rc: .. -iucin& p-:.:.,.·er :is n0t ti1rc-... ugh thc ,;:::·<.:-g1yc~rc1phosp1oa te 

shutt1e since Lhe activity of glycerophosphat.e oxid2se is decreased. 

Ethano1 administration significant1y srimulated in the oxidation of 

sorne substrates and the rate oí phosphoTylation. It has been previous1y 

observed that addition in vitre oí ethano1 at low concentrations can enbance 

some mitocbondrial :funct:ions such as Ca2+ upr.ake and state 3 oxygen·. upt:.ake~ 

prob3b1y as the resu] t of an in crease in membrane .fJ.uidity (23)·. This action 

may be re1at:ed ·to the effects of ethano1 administration ~bs~e~ved· in the 

present studies. 

Recent.ly it has been reported t.hat·. the act:i.on. <;>f:_.some hormones, such as 

g1ucagon and epinephrine. Carpb·a.-a·dr~riergi'c: a~t:i"on) ,- i;nv61ves stimu1ation of 

sorne mit~chondrial fun~_tions {~0,.22)·. The present results suggest that 

adenosine, shares this propeTtY. 
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Toble I. 

Respirat:ory 
Parumct:er 

E:FFECT OF ETl!ANOL OR GLUCOSE: AND ADENOSINE OR SALINE ON OXYGEN UPTAKE BY 
llEPA'l'IC MITOCHONDRIA 

Ox.ygen uptake was measu-red polarographically in che absence (st:ate l1) or 
presence (s ca te 3) o f O. 5 tnM ADP. Medium composi e ion as follows: 250 1nlwt 
~uc1·ose 20 mt-t Tris, 8mM MgCi

2
· .::in~ ID mM 11 3Po4 pH 7.3. Subst:rot:es: ]_Q mM 

1n che: case of gl.ut:am:ite or ~uccinur.e. 1 ñít-1 mal.ate. DNP was us~d al: the 
fl.ndl concent:rai::.ion of J.00 J--1M. Experiment:s. wel.·e performeLl wit:h 2 mg of 
micuchon<lrial protcin in a final volume: of 3 ml.. RCR. rcspiruc.ucy con.e.rol 
cacio; P/0 = ADP/O ratio. ResL1lcs excepc fer RCR and P/O are cxpr~~s~d 
as 1H1toms 0/min-l prot:ein-1 and are che mean + the st:¡1nc.larcl eL·coL- of four 
a.nima.ls for glycerophosphnt:e and 8 nnima1s fer succinate and gl ucamutl3-
11H1li.1 ce. 

Gl_ucose + 
Sa1-ine 

T r e a e rn e n e 
Glucose + Et:hanol + 
Ac.lt::nosine Soiine 

Et:hanol + 
Adunos:ine 

Gl.u e.ama ce-!-la1¡1 ce 

Stnte '• 10.08 + 0.66 
55.69 + 2.83 
67,1-5 ::¡: 3.51 

9.62 + 0.96 
64.52 + 2.41ª 
74.98 :+ li.38 

6.lI 

~~:~~ * g:6~a 15:n * 2:5~b Stucc 3 
DNP 
RCR s.52 
?/O 2. 70 + O.lO 

Succinat:.e 
Stnt~ 4 18.34 + 0.94 
St:ot:e 3 8l.61- :+ 4.S6 
DNP 106.48 + 6.86 
RCR 4.4s 
P/0 l. 73 + o.os 

Clycerophosplw t:e 
S1:.ate 4 20.oa :!:. 2.02 
Stntc 3 2S,74 + I,S9 
llCR l.28 

ªP o.os compnred t:o che giucose + 
bp o.oos compnred t:o che glucose + 

2.93 :!:. O.lo 

l8.3S + l.16 
98.08 + 5,,,0 

109.22 + 7;50 
5.34 

L98 :!:. 0.06. 

l6.S4 :!:. o·;84 
·20.7S.+.2,19 

l.2s 

saline group 

sal.in e group 

~ 
~--

._. __ 

8l.l17 :+ '•. 55 
6.l9 

2. 7S· :!:. 0.06 

20.69 + l. 84 
87.39 + S.I8 

104.99 + 5.20 
4.22 

1.87· :!:. o.os 

18.76 :!:. 3. 62 
22.8S + S.48 

1.22 

'--· -

79.16 + t,,49 
7.43 

2.85 + 0.09 

1-9.33 :!:. L69 
93.63 :.!:. S.96 

lOl1. 93 ;- 5.95 
4.84 

l. 9lo :.!:. o.os 

1-6.99 ;t 2,66 
16.86 + l.SSª 

o.99 

'- -



Tab1e Ill. EFFECT OF ETHANOL. OR GLUCOSE AND ADENOS INE OR SAL IN E ON THE ACTIV l'l'Y Ol> 
ADENOSINE TRIPHOSPllATASE AND ADEN INE·« .. NUCLEOTIDE TRANSLUCASE. 

DNP d~nicropl1eno1. 
in paren C.hl:!ti.is. 

'rhe resu1c.s are expresSed as e.he mean -·.±~S-.E .. ~t.· with e.he number of determina e.ion~ 

Enzyme acc.:ivit:y 

/\TPa~e: 

11rno1-Pi/min-1 111g proc..-1 
Bns.nl 

DNP 

DNP + <;>1igomyc in 

Adenine Nuc_leocide 
·rrans1ocase 
cpm/mg proi:ein 

c1UcOse·. 
sal.ine 

10.69+ 0.69 
(4) 

22.97 + .2.B3 
(4) 

219.09 + 23.55 
. (4)' 

9.67 +. 5.07 
(3) 

631.18 + 66.84 
es) 

,,~ .. 

.12~55 + ·3.02 
(4). 

211.25 +'.. 4.67 
(4) 

233.23 + -22.98 
(4)· 

13. 23 + . 5. 35 . 
(3) 

972.28 + 143.05 
. <6) 

Echano1- + 
sa1ine 

11.53 + 1-.58 
C4) 

30.01 + 3. 5J. 
(4) 

241.04 + 29.52 
(4) 

16.88 ·t- J..64 
(J) 

701-.47 + tl9. 62 
(6) 

Ethano1 + 
udunosine 

1-1.17+ l.52 
(4) 

26. 40°+ 4. u 
(4) 

2 2 8. 62 + 2 8. 5 3 
(4) 

lJi.13+ 3.11, 
(3) 

B7J.01 + 1.1s.1,s 
(6) 



Tabie ]_V. EFFECT OP ETHANOL OR GLUCOSE AND ADENOSINE OR SALINE ON OXYGEN UP'l'AKE BY 
MITOCHONDRIAL PARTICLES. 

The resu1c.s ar~ expressed as nacoms of oxygen min-1 mg pratein-l and represenc che mean-+ S.E.M. 
of at ieast: six ·determinátions. Medium composition: 225 mM sucrose, 20 mM Tris-llC]_ pH 1-:-:i, 
supp . .1.ement~d. wich eicher 1 mM NADH or 5 mM succinace. 

Preparacion 

Sonic.aced 
!-ticochondria 
NADU 
Succinace 

Submitochandrial. 
parcicl.es 
!O:ADH 
Succinate 

~p< 0.025 
·cp <0.05 

P<0.005 

campa red 
comp.ared 
campa red 

to 
to 
t:O 

Treac.menc 

ciucose + 
síil.iOe 

ciucose + 
adenosine 

82.09 + 8.29 iio.5o ±. 
72.61. ±. 7.05 87.66 ±. 

i89.3i ±. l. 7. 79 274.52 + 
]_44.17 + i6.65 ]_42. l.7 + 

che glucose + saline group 
tl1e glucos~ + sa1ine group 
che glucose + saline group 

.. a 
6.4·3 

,9·.37 

i4.93c 
]_3.83 

Ethanol. + 
.saline 

ioo.77 ±. ]_]_. 24 
74"28 + 8.20 

220.i5 + 9.64 
]_36.6]_ + 13.18 

Echanoi + 
adenosin~ 

]_]_t,. 53 ±. l0.07b 
77. ]_7 :':: 6.51 

278.2lt + 35.39b 
137.24 + 6.85 
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