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INTRODUCCION 

Puesto que vivimos en pleno misterio, 
luchando contra fuerzas desconocidas,· 
tratemos en lo posib~e de esclarecerlo. 
No: nos desaliente· la consideración de 
la pobreza de· n'uestro esfuerzo ante· los 
magnos e inrmmerables proble:ma s de la 

-vida~ Concluida la ardúa. labor, seremos 
olvidados,. como la semilla en el surco·:· 
pero algo nos. consolará el consid.erar' 
que nuest~os .descendientes nos deberan 
una pequeña parte de su dicha y. que 
gracias a.nuestras. intciativas aquella 
mitú.Jscula _parte· de la Naturaleza, ·objeto 
de· nu,stros afanes, result~rá un poco 
mas agraqable e inteligible. 

San.tiago · Ramón y Caj al. 

Cuando·por primera vez entramos a un laboratorio de bio­

química y observamos sobre uno de sus mu~os uno de esos impresio­

nantes mapas metabólicos, nos· sentimos aplai:;tados: los bioquími­

cos que nos precedieron, logr~ron esclarecer .el metabolismo y no 

nos¡ queda nada por hacer. Sin embargo, nada mas equivocado que 

esta primera impresión. Observamos con mayor. cuidado y vemos que 

estos mapas nos seña1.an los p~incipales caminos metabólicos y las 

enzimas involucradas, pero nada nos dicen ácerc'a de la regulación 

de las vias·, sus flujos ·relativos y sobre todo no nos explican có­

mo la c~lula, .el tejido o el organismo íntegro, logran adaptarse 

a los cambios en los ~~dios ipterrio y exte:i;no, manteniendo t.m es-

tado de equilibrio aparente (homeostasi·s) • El panorama ha cam-
º 

biado: -nos llenamos de optimismo y muchas son las dudas y pregun-



tas que nos asaltan. La investigación se inicia. 

Uno de los capítulos mas apasionantes del metabolismo, 

es el metabolismo de los lipidos. Su estudio se h,a visto obsta­

culizado por los problemas inherentes a la naturaleza hidrofóbica 

de sus. metabolitos. Sin ·embargo, importantes lag.ros se· han real! 

zado y la mayoría de las vias han podido ser esclare·cidas. La 

comprensión- de la regulación del metabolismo de los lípidos es 1.m 

portante no solo por si misma, ciencia básica, sino que tiene 

gran proyección a problemas biomé!dicos: obesidad, di~bete.s, ceto­

sis, hiperlipide~ias, ateroescl~rosis, etc. 

Sin duda, uno de los tejidos mas· importantes en el meta­

~olismo- de los lípido~ es el tej~do adiposó. El tejido adiposo 

es un constituyente del tejido conectivo y está formado por la 

reunión de células .grasas o adipoci tos, en lobulillos. El tejido 

adiposo es por lo tan.to un~ variante especializada del tejido 

conectivo. Las· células deL lobulillo se encuentran rodeadas por 

fibras reticulares y se hallan :provist.as de abundantes capilares, 

que permiten el intercambio metabólico constante entre ellas y el 

resto de la economía y por ende su participación en la, homeosta­

sis. 

El tejido adiposo se encarga de la síntesis y depósito 

de triacilgliceroles~· como ·fuente potencial de energía y de su 

liberación ·en forma de ácidos grasos y glicerol. El a.cúmulo en 

forma de triacilgliceroles, es conveniente por su alto valor ca-



lórico y porque por su naturaleza profundamente hidrofóbica no 

requieren io11es y agua de solvataeión como· el glucógeno., para su 

·depósito; sino que lo hacen en forma anhidra. Se ha calculado 

conserv.adoramente que si un individuo .de 70 kilogramos,· tra.nsfóE 

mara a glucógeno, la energic1 depositada·como ~riacilglic,erOles 

en el tejido adiposo, su/ peso 'facilmente se duplicaria. 

Hace. aproximadamente ~O años el t_ejido adipos<;> se consi· 

deraba como iner~e. S~ suponia que, los·· procesos de depósito y 

movilización de grasa se realizaban independientemente de_l adipo 

cito. En los últi~os veinte :afios, _el estudio. del tejido adiposo 
. . . 

ha tenido un desarrollo explosivo. Con el esfuerzo de muchos in . - -
vestigador.es, ha sido _posibl~ demostra.r que el adipoci t~ .posee 

una maquiné:!,ri.a enzimática respetable y una gran actividad metab~ 

lica. Además de estc;>s a tribu.tos, este tejido tiene un exquisita 

sensibilidad ante cualqui~r cambio e~ el medio· que lo rodea. Es 

t?t sensibilidad .ha permit:j.do su uso. como modelo expe7imental y 

. . 
con él·se han_ logra~o important'es avarices en el campo de .la regu 

lación metabólica hormonal. Interesantes revisiones han aparee~ 

~o a ~ste respect6. (1-~). 

A pes.ar de este importantísimo avance_, persisten una 

serie de problemas de ·regulación me.tabólica, de trascendencia 

fisiológica. El t~jido adiposo poiee un depósito de triacilgli­

cero.les qu.é e·n condiciones normales se encuentra en un equilibrio 

dinámico, es d~cir, que está en continua sínt~sis y degradación. 



La hidrólisis de los triacilglice~oles propordibna ácidos g;asos 

y glicerol.~ El glic~rol no es reutiliiadó·'~or el tejido adiposo 

y ~s liberado al medio interno, donde es us~da ~rincipalmente 

por el higado. Los &cides grasos por el contrario, pueden·~er 

reutilizados. Durante los estadios pb~tprandiales, el tejido 

adiposo debe·, no solamente reesterificar 1,ós &leidos grasos libe­

rados por la lipólisis basat, sin6 est~rificar los provenientes 

de la dieta, liberados por acción de la lipasa lipoproteica y 

. los sintetizq.dos de novo. Por el contrario, durante lo·s .periodos 

de aytino, el adipotito proporciona a.la economía ácidos grasos 

para la obtención de. energía. ·Ello necesariame.nte significa que 

la célula adiposa debe poseer un sistema que le ·permita regular 

· el proceso de esterifÍ.cación, para adaptarse a las condiciones 

nutricionales y c'umplir con su fin biológico. 

En los trabajos que adjun:t,o·a esta iritr.oduccÍón, presen­

to el uso de la cicloheximida como. un arma para conocer la regu-

lación del proceso ~e esterificación en tejido adiposo (5-8) ~ 

Resumiré a continuación los principale~ hallazgos y su trascen-

dencia. 

La ciclohex.imida es uno de. ·los inhibidores de la biosÍ!} 

tesis de proteínas. mas empleados en investigación (9), sin embar 
. . . 

·go, los efectos a los ·cuales me referiré, no están relacionados 

con est'á. propiedad del cbrppue.sto (Referencia 5, Fig 4 y' Ref. 6, 

Fig 2) . 



La administración in vivo del compuesto a ratas macho 

ayunadas prod'l,1ce un aumento en la incorporación de glucosa radío 

ac.tiva a lipidos totales de aproximadamente 10 veces· (Re'f. 5, Fig. 

~) . La mayoría de la marca se loc·aliza en la. fracqión de glice­

rol de los gli<=:éridos (Ref. 5, Tabla ·s) y concomitantemente exis­

te una disminución en los .niveles de ácidos grasos libres en ·sue-. 

ro ( Re·f. 5, Tabla 6) . Todos estos datos sugieren que la. cíclohe...: 

ximida está favoreciendo el proceso de esterificación en tejido 

adiposo. Además, no fue posible detectar un efecto signi.ficati-, 

·vo en ratas alimentadas ad libitum (Ref. 5, Tab.la ·l) en las cua­

les el proceso de este~ificación está notablemente activo en r.e­

lación con las ·ayunadas ( 10) • 

La medición directa del proceso d~ esterificación, es 

imposible !3n el animal íntegro; por lo cual, se trató de reprodg 

cir·el efecto in vitro, ipcubando panículos adiposos de ratas 

ayunadas, en un medio semisintetico'. Se ob_servo que el antibió­

tico produce en e·stas col).diciones un e·fectó cualitativamente 

identico al descrito, pero,de menor magnitud, esto es: la ciclo­

heximida incrementó la incorporación de glucosa radioactiva a 

.lipidos en un 100% y la mayor parte de la marca se localizó en 

la fracción ~e glicerol de los glicéridos {Ref 6, Fig 1 y Tabla 

4). Al medir directamente la esterificación de los ácidos gra­

sos, se logró demostrar que la. cicloheximida estimula este pro~ 

ceso (Tabla 2). 



Estudia,ndo el metabolismo ·de la glucosa, se- obsérvé> qqe 

la cic·lohe:id .. mida incrementa no solo ··su incorporación a lip.~clos 

sino también su oxi~ación pó:i; glucó~isis y c_iclo de .Krebs (-Ref 

?=, Tablas 3 _y 5) • Es mas, la· captación de la hexosa por el te­

jido también se encontró ¿:i\imentada (Ref 6, Tabla 3) . Todas e.s-
\ . 

tos hechos. sugerían la .posibilidad de que el efecto primario de 
. / . . 

la cicloheximida fu~se sobre -la ··c.aptación de. la .glucos'a y.- que el 

aumento en i"a oxidaci.ón de la hexos'a y en la esterificación de 

los ácidos. gra~os fueran secundarios. Es mas, se ha propuesto' 

que la disponibil:idad de · · alfa-glicerofosfato ·es uno de los fa:~ 

tores que regulan la esterificación de los ácidos gras_os tanto· 

en hígado como ·en tej~do adiposo (11, 12) y la· .cantidad de este 

metabol:i, to se .pudiera ver incrementada· al aumentarse.· el flujo 

glucoli t_ico . . 
Sin embargo, se.realizaron experimentos in vitre con te 

jido adiposo de· animales alimentados ad libitum y se _observó que. 
. - . . . . 

·bajo estás_ ·condiciones la cicloheximida no increm.enta ni la cap­

·tación- de glucosa ni su oxid.ación en "forma significativa, pero 

si su incdrporación a·lipidos! encontrándose éstos preferente­

mente marca,dos en la fracción de glicerol· de lo~ glicéridos 

(Ref 7, Tablas I y II). Ello se debe a un incremento en e1 pro­

ceso de·esteri:Éicación de los ácidos grasos (Re_f' 7, Tabla III) ~ 

Este hecho· ~iene· un significado especial: la cicloheximida es 

capaz ·~e modificar: en forma primaria .el proce-so de esterificación 



y probablemente algunas de las accion.es observadas con anterio­

ridad ·sean efectos. secundarios·. 

Para tratar de comprobar·este hecho se·usó el sigtiien~ 

te .enfbqüe:·, se. usó lactato radio.activo y se ·midió tar¡.to su inco~ 

poración .a grasa .total, como la distribución de la_ marca. ·!)a.do 

que el lact.ato . se · incorpora a glicerol de los gli.céridos por vi.a 

gliceroneogénica, una rnayqr incorporación indica .que. e:1 proceso 

de esterificación está utilizando.· mas alfa-glicerofósfato, sea 

por via glice~ogénica (glucólisis) o por via glicero·neogénica: 

(gluconeogén~sis) .. La -cicl.oheximida incrementó la · inc.orpor.ación 

·de _lactato ª· lipidos y desvió su distribución hacia 9licerol de 

los glicéridos. Estos resultados señ.alan la importancia del pr~ 

ceso de es-terificaci6n en tejido adiposo, y'a que como· se ·aprecia 

es capaz de desviar los flujos metabólicos. Este hecho pod.ernos 

considerarlo corno t"eleo]é?gicamen_te adecuado, ya que ·1a. principal 

función del tejido ad~poso es ·satisfacer las demandas d~ ácidos 

.graso.s y modular su concentración en s.ang~e. 

Una vez localizado el efecto de la. c.icloheximida al pro·. 

ceso de ester-if:icáci.6n, .se decidió estudiar cual er.a. la enzima . . . 

afectada, ya que- esto no solamente nos señalaría en forma preci­

sa donde actúa en antibiótico para producir e·ste efecto, sino 

que de i:lcuerdo·a -las consideraciones hechas anteriormente-en re­

lación al ef~cto según las cond~ciones nutricionales del ~nimal 

experimental, sugerirí.a r::ual es la enzima reguladora de este· prQ 



Geso. Se .estudiaron los niveles d.e. met.?tbolitos ·precursores·· ·de 

los triacilglicéridos y. cómo se presenta en la Fig 1 de la. refe ... 

rencia 8, los niveles d~ g~icerol-3-fostato y acil-CoA b~jan, 

mientras que los de fosfolípid,os (ácido fosfatíq.ico), diac'il y . . . . . 

triacilglicérido.s se encuen_1:r?1n. aumentados. De acuerdo a los 

p.ostuli=tdos del 11 crossover theorem" (13',14), la enzima involucra­

da es la g·licerol-3-fósfato aciltra-nsferasa. Esta enzima. se ha 

·demostrado ,que juega un _papel reg1,1l.ador en 'hígado .(.15): pero .no. 

ha sido posible demostrar S'l,l :participación en la regulac;Lón en· 

tejido adíposo _(1.5, 16). Sin embargo· se ha ·logrado detec;::tar' una 

pequ_eña .e-stimulaci6n con. Ínsulina · (17), lo cual está totalment,e 

de acuerdo con ·nuestros resultadq~. 

Es bie'n conocido el hecho de,.que la lipólisis está me-

diada por la actividaq de. la l;i.pasa ,·sensible a hormonas, depen­

diente de AMP cíclico. Al· estimularse ),a lipolisis, p_or una ca­

tecolamina, por ejemplo-, s~ elevan inicialmente much~ los nive­

les de- AMP cíclico, di~mi1;myendo a los pocos mínutos a niveles 

discre·tamente superiores a· los basales. Este hecho .a si.do expl! 

cado por la· acumulación de un 11 regulad9r fisiológico de la adeni­

lato ciclasa" (18,19). Reci.entetnen.te el ~rupo de.Fain, ha demos­

trado que los . ácidos grasos. libres son el regulador f_.:i,.s:j..ológic'o 

(20,21). ~a cicloheximida estimula la lipólisis (5,6) y eleva 

los niveles de. AMP cíGlico (22, 23). S'in embargo se ha observado 

que la caida en los nive·les de AMP. cíclico eis lenta (23). ~sto 



sé· correlaciona. bier:i con los datos presentados, ya· que al. au111en- _ 

tar la esterificaci6n y d·ü;minüir por lo 'táhto el nivel de ácidos 

grasos. libres., se evi'ta la. ·represión fisio_l6gica de la aden:i.lato· 

ciclasa. Un hecho sem.ej ante ha sido demostrado con la insulina 

( 24) • 

Por .último, se ha po~tulado que el me~anism_o regulador 

de los nive;L'es de .ácidos ·g,r-asos en ~angre, dependiendo de las ~011· 

diciones nutricionale-s es ·la lip6lisis (25}. Sin ~mbargo es po­

sible· 'obse!'rvar que en .condi9iones basales la lipólisis eS,_._ similar 

·en• tejidos obten:idos 'de animales ayunados· o . alimentados ád 

libi'tum, pero el téj.ido d~ un _animal ayunado reesteri~ica m:>lamen-· 

-te una pequeña fra_cci6n .de- los ácidos graso$ liberados, mientrc).s 

que el te]ido dé ·un animal comido lo hace con la ·casi totalidad 

(Ref 6, Tabla 2 y Ref 7, Tabla III). Estos datos cla.ramente se-:­

ñalan la importancia del proceso de ester:i .. fic·a·cic;,n en la r~gula­

ci6n de la liberación. ne·ta de á~idos .grasos por el tejido adiposo 

.Y señalan que el ·considerar ·a _la lipólisis ·como único mecé;mismo 

regulador es una simplifica~ión excesiva . 

. En_ e~ta tésis~ se presenta el. análisis de. un. fenómeno 

detectado en el animal integ~o y su.disección hasta llegar~ la 

explicación básica· a un nivel mo.lecula:r. Considero qu~ este es 

el camino menos peligr·oso para e_xplicar los fenómenos a los· que 

nos enfr.entamos. Aunque es largc;> y riE~sgos9, nos puede evitar 

el problema de. luchar cont:J;'.'a enemigos que noso'tros mismos ci;ea..,.. 



mos en el tubo de ensayo y hacer extrapolaciones que nada t~_enen 

que· ver con. la realidad. 
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LI_POGÉNIC ACTION OF .CYCLQHEXIMiDE ON 
TH~ RAT EPJDIDYMAL .FAT PAD 

'J. ADOLFO GARdA-S~rNz. ARMANDO G. AMAI)QR, ENRIQUE.PIÑA arid 
VICTORIA CHAGOYA DE SÁNCFIEZ . 

Departamento de Bioquíiniea. Factiltad de ·Medicina, Departame1ilo de Biología· E·xpcrimcntal. 
I11s_tili1to de ltiología; Universidad Ñacio11¡1l · 

· Autónoma de Mcxico, México 

(Rmli¡:ecl 22 May. 1974; acce11tecl 4· Octoher .1974) 

. . 
Ahslrilcl·-· -Cyclohcximidc produccd a l'0°fold iru:reasc ín·the incorporation of glu.;osc into lipids oT rhe · 
rat cpídidymál fat pad 1111d a 43 pcr cent dci:rciisc in plasma free fatty aeids. Thcse changcs wcrc oh.ser.ved 
2 !tr ~(ter the intrapcritoncal injcctio1rnf I mg/~g or ihc antibiotk to malc rat~ füst.ed for 16·20 ~r .and 
weighiiJg hc.twccn 120 and 170 g; Vndcr thc samc conditions, suhcutancou_s adiposc 'tissui: shciwccl a Mold 
increase, \Vhile hraJn, livcr·a·11d. brown adino~c tissuc. did not givc any ri;spoDsc. Thc· 10-folcl° incrcasc was 
aoscnt in fcd rats and wos lower (4-foldi in 111:1le animals wcighing .o ver 250 g:- and in. 120 170 g fema le 
rais· whcn the parametrial adiposc tissuc wus studicd. Thc highci- incorpot.ation of glucos.: imo lípids p~o-· 
duccd by cyclohcximidc was also smnllcr in the cpididyma-1 ful pud from oréhicclC1nii1cd (~-íoldl ... adrcna­
lcctomi1.cd {3-íóld) and a)h1;an diahctic l7-í1•ld) rals. lfonnon.tl suhstituti\'c- trcatmcnt wirh tcslosicn•.m:. 
in Qr~hiectomizcd anihlals imd witli cortisol, corlicostcroi1c or cpincphriile i1i-adrenakclornizcd aninials 

· díd net clieit the responsé obtuincd in intact ra_ts. Thc rclativc dislrihuüon of.thc lahcl írom rndioacti\'c 
glucosc foto lipid extracts'betwcen glycerol-ahd.fatty acic;ls aftcnycloheximidc- trcatnwnt.·r.escinblcs thal 
foünd in control.rats. but differs from-that observed after.insulin administration. Aetinomycin-D, chloram­
phcnicol and puromycih did not mimic ·the action.·of cycloh~ximidc on lipid metabolism. Epididymal 'fat 
pads obta·incd from fastcd malc ra-ts injccted 1 hr earlicr with cyclohcximidc sho\vecl, aftcr 60:riiín of intu-

. batíon. a .5-fold incrcase in thc incorporutio1i o.f gh1c9sc into lipids. a '!ol pcr cc1ll·i11crc:_1sc in ·1hc rckasc 
· • ·of.glycer.ol and a 36 pcr cc11t dirili.nutjon in thc rclcasc of frcc·fatiy acids ihto _lhe· incuha!ion 111b1turc: 

when compa(cd io thc válues obtaincd wilh the tisstics oí. thc ·control animals. lt i~ postulatcd that-in 
thc rat cpididymal fat pad cyclohcximidc has a murkcd lipogcnic cffcct togcthcr wilh ;"in :1n·clcrntcd fotty · 
acid rc-csterilication which is indl:pendent of hot!i insulin sccrction ami inhihition 11f prntci!• syrJlhcsis. 

. . . ' . 

Cycloheximid!! (Actidionei. an .antibiolic isolatcd by- present paper is to give a preliminary charácterizatfo11 
WhifTe11 cit al. [I] and Lcach et al. [2]'fróm Strepto- oí this elfect. · 
111_\'t'es wisms, is a widely uscd inhjbitor oT proicin syn-
lhesis [J::..7].. A mctabolic response impaircd by 
adminisiration oí this.ántibiolic is usi.mlly interpreted 
as depéndent on de novo. protein synthesis. Thus, in MATliRIALS·AND METHOl>S .. 

lipid metabolism, it has been reportcd that the induc- ··cycloheximidc, chlorat!)phcnicol, allúxan monos 
tion oíía lty acid"biosynthesis in L cells deprived of exo- hydrate a11d corticosterone~21-acctate .\vete o!,ta i ncd 
genoüs fally .acids [8) and tbe lipolysis s:tirnulated .by írom Sigma Chc_mical Co· .. 1forornycin dihydrochl11ritk; 
grnwth hormone in· íat cells [9) ·are- blócked by the froi11 Maror Chemicai :tTD; epincphrinc ír.óm Sc•rvct 
prcscnceoí Actidiorie.' In addition; it.has been obscrvcd .Litboratorics; dcpot-testoslcrone from Schcrinir anu 
thal in rat Iíver cyclohéximide. inhibits the acti.vily oí· iictinomyd11-D . from C'albiochcm. Hydrocorlismie 
diglyccride acyl ·lransíerase [JO],· favQrs che ilccumu- hemisuccinate ,vas a ·gcncn1us giJi from URióhn de 
lation of- triglyceridcs [1.1] a11d dccréases .the conver- México, S. f\ .. [U~ 14C]git1cose was ohtaOincdfrom _11ilcr­
sion of [':4C]acctate into· c!1olcs.tcrol. CO.i and fülly nalitmal Cherriical.arid Nuclear Corp .. and :i:0gl~écn~­
acicls [I.U Ali thesé cfTects havc been ·attributcd to ihc phos¡ihalc. dchydrogcnai;c · a11ll glycctókínasc fn,m 
inhibition oí protein.synthesis prodaccd by tlic anti- Bóchrjnger und Sói;hnc, Mannhcim. 
biotic, Paradoxically; it has bcen observcd that cydo- .°Thc cxperimen1s· werc gencrally p.erfor.mcd with. 
heximide produces a stimulation oí amino aéicl iúcor- male Wistar rals weighirig betwecn 120· ;md 170 g lllld 
poration in livcr microspmes [13) irnd an incrcase in fastcd for 16-20 hr; Othcr animal cpnditions usc·él nre 
the RNA content of regenerafing Iiver and oí the indicated in thé ligui·es.and·,ablcs. 
udrcnal glands [14] in rats. · Bilatcral ·orchiectomy w¡1s pcrfor.mcd accorcling lo 

During study of the aclion oí ¡¡dcnosiiie on lip'id .usual tcchniqucs; conserying the cpididymus and the 
. metabolism oíJat epididyriial fa_t_ pad [15), cyclohe,d- epididymal fat pad. Thc aninmls wcre üscd at'lcasi,4 
mide·was uscd to explore thc role of de 1101:0 protein days Mter surgiciil trcatnicnt in ordcr to minimize ai1y 
synthésis in the effcct of the nucleosidc. Unexpcctedly. testostcrone énect (1.6]. Whcre indicatcd; an inth1ri1Ú~­
cycloheximide alone produced a·more drastic clfect on cu lar injcction üí 5 mg dcpot-tcstoslero11e in vcgeta.hl¡; 
lipid metab9Iism than did adenosi~e. Thc aim oí' lhe oil was uscd as· aiidrogcn replacemcnt thcrapy.[ t 7J 
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and thcsc ani!'nals werc 'u sed 7 days aíter both .orchi~c­
tomy and testostcronc.admin_istration. · 

Bilateral adrcnalectomy was pcrformcd according to .. 80 
· usual tccliniques. Adrenalcctomizcd rats wcre ·main:- ··. ;i 
taincd al constarit roo'm lempcraturc (20") with 0·85~~ t 
NaCI instead oí dl'inking water. A1ünia1s·werc uscd at. ·f 60 
foast 72 hr aítcr aclrenalectomy.Whcre iRdicatcd, hyd- [ 
rocortiso·i\e hemisuccinatc, _25 mg/kg [ 18]; corricoster- u 

.onc-21-acctatc. 10 mg/kg [1"9]. or epinephrine; 1 mg/- ~ 
kg [20], was administcred intraperitoncally · l.20 · n:iin > 40 

beíore sacrificc as suhstitutivé thcrapy, .. ~ 
• Rats íastcd for 30111·· wcrc ri,adc diabetic by thc in- ..i; 

traperitoneal injcction oí 120 mg/kg of.alloxanmono- .. ~ 20 

hyclrntc [21] dissolyed in 0·001 N HCI [22]. Alloxan.- ~ 
trcatcd rnts werc i.iscd only whcn thcy had blood glu, 11'1 

cose !evcls. behvccn 200 and 460 mg/100 ml·undcr ícd 
conditions. Thc animals ·werc i11jected iiitraperi­

60 129 
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·toneally with saline or with I mg/kg oí cyclohexinüdc 
suspended in salinca11d wcre sacrificcd by dcéilpilaiibn 
and exsanguination al dilTerent times aftcr lhc ·i1ijcc­
lion. ,'.\llhough thc animals wcte l)Ot sub.1cct t,o s'irict 
ícc;ding ¡\nd lighting .schcdulcs, nll oí: them .wcre kcpt 

Fig, l. Elli:cl of cydohcximicÍc on thc 'incorppr,lliori of 
radioaclivc gluccisc inln lipids of lhc cpididymal fal pad as 
it funi:tion-of lime. Spcdfic. m:lÍvily in·wntrnl. rals 10 O). 

. , ncl incorporalion in control rn Is l ó ... ··L:.J·: spc..:ific m:li­
,·ity in rals injcctcl! wilh cyclohcximidc te·=--•). an'd ncl in­

... corporntion in -rals injccted ,vith cyclohcximic,lc {Á ;Á) . 
Vertical linc~ .r,eprcscnl ·11tc stanaar:d·crror· or thc· mea~ of 

al lcasi livc ¡fnimals. 

· · undcr Lhe samc·condiiions. The nHs were sclccted ran­
. dm11ly. Fivc min prior. to sacri.fice, [U) 4C]-glu2ose 

(sp. act.; nmmCi/m-mole) was administered intraperi­
toneally ata dose of 20 ¡1Ci/kg. 

For epididymal fat pad incubation·s._ groups ·ofrats ·. ir~ 'thc incorporatiorr oÍ'[ 14C'J-glucose int.o tÍlc lipids of' 
were decapitatcd 60 min aftcr injcc.Lion oí-sali-ne or cyé- thc cpiqidymal íat pad. Thc rcsuits are prescr)(cd in 
lohcxilllidc. The epidídymal fat ·pads ,vere·rcmóved as Fig. J. ·and. whe,ther exprcsscd as spccific activity or iis. 
(asl as possibfc ,;,·.ith mínima! handling, rinsed in 0·85%. net incorporation. a p;1rnlld response can be ohSi?r\led. · 
Natl, and incubatcd for I hr fo a rrietabolic slmker at " Thc m:Údmmi1 cílcct was íound 120 min i1ftcr.cyclohcx­

)1"'in 25-ml stoppered ílaskscontaining;in a 3 mi final imidc·administration; howcvcr, the diíli:rcncc l'rom·tlic 
· volume: Krcbs-: Ringer biearbonate boffer,.pH 7·J; 150 ·control wasstatistically significan! evcn al .,o min aíter 

mg bo\'ine serum. albumin '(íraction V): J pCi oí administratkin of thc antihfotic 1.~0 min. P < lHll: ·60 
fabclcd glucose and JJ-34 111noles oí nonradioactive and 120 rnin. ·P -:::·o·OOI; ami 180 min. P < 1Hl05). In 
lmxose. Thesarn~cxperime1H¡Íl"design was uscd to invcs, a diíl~nmt set of exper.imcnts. '[ 14<.'}glucosl' was in­

'Liga!c .possible clmngcs in glyccml atid fatt-y acids pro- jcclcd simullar1eously with thc ailiihioric 2 hr hclim·. 
duction in response to administration of cyclohcxi- thc sacrilice ofJhc animals. Umicr !he~~ cxpcrimcnlal' 
mide i11 rim.' . · · conditiorJs; incorporation, tÍf rc)dio;1ctivc .gllicosc jnto 

Lipids ~vcre extraéted according to Folch <'I al. [23]. ,lipids of thc cpididymql fa!. 1,ad wns 4·30 ± l ·84· cpm/ 
The distribution oí labcl in thc lipids was studicd by mg oT lipicls in íour. contml aniinals and. in six rals 
thc method of Kornatker·and BaH [24]; with severa! injectcd with thc nntibiotic. 16-45 ± 7·19 cpm/mg oí. 
modificalion~: nonsaponifiábl<;: material \V!}S extracted lipids. (Valucs are means ±· S. E.) Thcreforc.thc "¡111lse 
with pctrolcum cther and the glyceride-glyeerol esti~ typc·· cif'experinient \,·i1s prcíerred to study. this action 
mation was done directly by éounting the sample aíter oí-thc.anlibíotie, Dilfcreilt doses werc Lestc.c;I at i 20 min · 
(atty acid extract'ion. Plasina·was prcpared'from hepar- ··. and thc bi:st aciion wai; dctected with ~he dosc initiatly 
ini1.cd blood and all'samples showing traces ofhcmÓ- uscd (1 mg/kg) (Fig .. 2). wh:ich is wiihin· the ·range 
lysis wcre discardcd. Radioactivc mcasu~cments were .. usually employed to obt,1in inhibition (~f.'protein syn­
miide in a Paekard Tri~Carb liquid scintillatlon · thesis i11 i'.ivci[IO. n'].This inhibilion of thc synthesis 
spcctromctcr in.a toluene soluti_on of 2~5-p-phcnylenc- of proteinS' is obsct\·cd .1 O min afler adniini~tration of. 
bis-{5-phcnylo~azole); glyccride-glycerot' radioacti- toe antihiótié [J0]:and i~ st\11 jlrcscnt J hr latGr [H)]. ' 
vity was countcd ii1 Bray's solution [25]. Blood glu~ . A sludy of lhc aclion oí cycloheximidc ón _thc trans­
e.ose c-0nccnlration was detcrrnined. according to thc· · .. íorma.tion of radioaciivc glucose into lin,ids in tissúes 
method oí Nclson. and Somogyi [26]; free fatty acids. · with an active lipid mela.bolism is prcsented in ·Fig. 3. 
and glyccrol werc cstitriated by ~he mcthpds oí Dote In thc cpiclidymal fitt pad, a l!i-íold . incrcase was · 
and -Meinertz [27] and Wicland '[28] respectively.·. · detcctcd; thc' subculancoi.rs adi(lpsc tissuc responded 
Total purines and pyrimidincs \_Veré quaritificd by·the with a 1-íold incrcasc. Urider thc ~ondit_ións dcscribcd 
mcthod of Mcln\ire a nd Smilh [29]. · · in t!1is cxperimenl. no clfccl was dctc~tcd . in brain .. 

Statistical sign.ilicancc oí the dilTetences betwe~n· brown :ad.iposc tissuc or liver. ll \1as bcci1 shown lhat 
comj,arablc groups was dctcrmined by thc .Student 1- the epididymal fat pad has a more :1ctivo 1~1ctat1olism 
test. · · tlmn docs thc subctitancous. acliposc .lissuc [J 1] :. thcrc­

fore. thc highcr·rcsponse ·ohtaim;d in _lhis iissue is not 
RESUl:rs 

Tim<'. doses a11d lis.mes 

Thc administration oí cyclohe·xirnide ata do&e oh 
mg/kg ~f body wcight.prodi.rced a significánt increasc 

surprising. 

Otl1er i11hihitors ,f ¡1rolei11 .~y11thesis. 
A ·possib.Jc clTect oí of.hcr inhibitors of ¡,rote.in syn_0 •· 

_thesis on lipi.d metabolism oí thc cpi.diclymal lht· pad 
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¡:¡!:!· .~. Dosc ·:response <.11n•c <i°f i;ycloheximidc or:i· thc trnns~ 
fiirnmlion .nJ [lH.- 14C-n] glucosi: _into linids .of thc cpididy­
mal fÍ11 pad. Tlu: vi1luc al I mwkg i>i°body wcighl is thc samé 
as timl al 120 min·il\ Fig: _l. Othcr spccificatio1is as in Fig. l. 

Wll!i also. cxplorcd. Si11cc puro111yci1f hli:~ a rupid ai1d 
transicnt.i11hiliitory clfcci Qll_j,rolcin synthcsis [32], its' 
actio·11 · was studicd I hr aíter adi11iíli:stration: For 
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CYC .ACT, PUR ·€Hl 

Fig. 4. Comparalivc clTl·cL nr'~liffcÍ-cnl"ihhihÚ.91:s· or,,r .. ldn, 
_syntlicsis 011 lhc convcrsicfn óf lahclcd glt1cÓ"~ i11t:o lipi1ts'or 
Lite epididymül liti pad. AII 111c inhihirors ,vcre "injcctcd i11, 
11·apcri1011cally: aci'innmycinalJ, 1 · mg;'kg · of ·hndy 
wcjgltl PJJ: p11rnmycii1 . .50 mg/kg 1,í hndy wi:ighl (J{J: a_nd. 
chloramphcnicnl. 750 mg.'kg áf h1,~y. \\"Cig!II r 11 J. ºThc 
valucs ínr C)_clohcxim_idc".a~d fts sali1i.; co1it-rol 1ic_rc t,1kcn 
from f.ig .. l. CYC = cyclqhcximitlc': ¡\(T := aclhmmycin" 
D: PUR =- puromycin;. CHL = chr'ornmphcnieol. ·ofhcr 

. indicat\ons a5 i1i Fig. l.· · · 

· ac1inomycin-P and chloramphenicol.. thc ·effect :\,·as 
cxplorcd 2 hr aí.\er injccti<~n. Lindcr the conditions·.dc- • 
scribccl in Fig ..... none or thc tcstéd compou.nds sharcd · ent days: thercfore this l"CSJ"llllSC was j¡~'tl an is6la t~d' 
with cyclohcximiclc . thc capacity fo,: incrnasing the · phcnomcnon. As shown in T;¡ihlc l. rat~ trca-led with 
transíorrnatio11 of labclcd glucosc inlo lipids. cycloheximidc and wcighing more tha11 250 g pn:sqnt 

' 011ly a 4-fold incrcasc i11.incorr.oration ~)Í 14(' from glu-
A{¡i· imcl.fcecli11{1 _cmulit"io11s . cósc into. lipids. Thc antihiotic th::1tmcill · in fcd rats 

Two· factors that iníluence the lipogenic action qf · produce.da ver-y slight clfect withoi.11 statisticnl signifi~ .. 
Acticliónc 011 thc rat cpididyri1al fat pad are thc wcight :canee. In aclditio11 . .tlic coi1v.ersion of [U- 1J.C']-gluc,1sc 
und íccding. co11djtions of th·c ·experimental aniúmls i11to lipids was. grciiicr in salim.:-ircaLcd · fed ani1mils 
(Table" 1 ). A total or 15 rats \ÚIS used iri cach. of thc tlian in füstcd rn(s. i11 agrecmcn.t wilh :thc rcsults 0r 

sal.ipc and cyclóhc.ximidc-trcated grotips; Thcse. r.ils Boxer.and Stetten [34J. · 
wcrC'l1scd jn scvcrál cxpcriments pcrformed. 011 cliffcr-

lfolé of hormi111es 
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111 CYCL0HEX1M1DE 

. $eXllfil liormones. The clfccl or eyclolu.;"ximi<.lc wns: 
tcstcd in thc paramctrial adipgsc tissuc tif (asted fcrimh; 
i-ats. Thc .rc~poi1sc ulicitcd·. ,,·as lo,,·~r ·than- lhat 
.oliscrvcd in thc cpididymal l:1t pad (lÍ-t11ak rats,(l.ihk· . 
2). J)uc lo lhc dillcrcnl ll)Úgnitud~ ,iJ' ·i·csponsé acc;,irtl~. 
ing to sex:. thc cfTl'C.I of thc a11lihiátic ~·¡1s ci¡,lorcd in 
orchiccl'Omi,zcd und in oti:hicctnmi7ccl i.c~t0stcroncs· 
·1ré:ncd-rnts (Tahlc; 2). Tlic IO,li.1IJ incn:a:;c i,i thc incor- · 
pórálion ofJabclcd glucosl' iúto lipids wm,. fowcrcd té> 
a 2-fold incrcasc hy orchiccloi11y. suscque11t Lcsl0sier-
011c trcatménf oí thc orchicélomi1.cd rats. ·as· dcscribcd 
undci· Mcthods. was uúa.hlc'to ~cvcrsc this.di·1~i11pfion. 

Adrc•11a/.h(11·i;1m;es·: Shicc somc·of Jhc elfocts o{ Acli" .. 
dionc ·havc bccn ¡Íttributcd to .. adrc1ial sccrc­
tions r-1 J. 14J.. thc aclion of 1his drng pn cpidiclynial ffll 
pad was cx¡.;Jorc~~ in adrcnah:cJnmiz.:.d ra.ts. ,\drena Ice-

. tomy decrcascd thc magnitudc óf llic· :cydohc~i1¡iidc 
E.P. s A.T. B."AT.. BRAIN LIVÉR cffect. with onlv a J-rold im:rcai;c in. thc inct•rporúlion 

. . . . . . . . · . ofradit1actiH: glucl>sc in!Cl lipii.h"(Tablc.)l. Suh::ti!uli-n· 
· F1g_. .1: _r·.~ccl · oí cy~lohc_x_mmlc .º" 'l!•ITcr.ei1t ll~s.ur~ w,ih · · trcat111cnl wilh. cortisol.. corticosll·ronc or l:pincpl.11'i1·1c 
active h¡11d mctabnhsm. 1 he i1111111als wcrc sacnhcl·d 2 hr . d .1 1 · · I 1 ·., ·1 1 t I ti 1 1 · 

. . . · . • : • • · . · . . . · 111 a rcna ce om17Cl ra s ,a1 et· o l"l'S ore ll: cyc <> JC:<· 
aítcr lllJCCIJon oftbc 111H1b1ot1c. Thc.valucs Í<·>~ lhc c1~1d1dy-... , ; .•. , . • ,. .. , " ... ·. , ._ 
mul fol pad arl' i.fn· Sl!IJlc as in Figi l.. E. F. P. := i;pididymal mude c~ccl lo lhi: 10-fold _bel ohscncl! 1~1 111l,1ct ,1111 
r1it pad :"s. A. t. =; _~ubcutancous·adipósé tissuc: B. ¡\. T. = · mals. Furthcrmor~, cor_t1costero11c lowcr~d ,.thc · r~-

brown adiposc tis~u.c. Othcr indications as in F.ig .. l. sponsc Lo u 2-fold mcrcusc (Tuhlc J). -1 he mercase m 
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Table l. Role or physiologicai' conditions. weight and fecding on the response. to cyclohexiinide in· thc epididym~I 
fat pad* · · · ·. · 

Fceding 
conditions 

Fasted 

Fed 

Weight 
(g) 

120-170 

250 

120-170 

Substance 
· inj~ctéf --

,1 ... 

Saline 

Cycloheximide . 

Salinc 

Cycloheximipe. 

Satine 

Cyclohcximidc 

Spccific ac.tivi!y · · 
(cJim/mg oíJip'ids( 

. 7·62. :(Í·OS 
(15j 

77'48 ± 9'67 
(15). . 

6·47 ± 0·66 
(3) 

27·33 ± 7-18 
(7) . 

Si-86 ±.· !'0·44 
(5) 

6HO + 11'33 
(5) . 

Rntiot 

10·10 

4·22 

p' 
value 

< 0·001 

< 0·02 

< 0·6 

• The ·cónversion oí radioactivc glucose into lipids in.:l·he epidi4y.mal fül_pnd was studied in rats red ad lib. ami in 
·. rats fastcd for 16~20 .hr. Thc. rcsulls are expresscd as thc· mean ± S. E. with thc numbcr of. ohscrvations 111 parcnthescs. 

The data fol'fastcd animals. 120-l 70g, wete taken rr'om F.ig: l. · · · · 
t Cycloheximidé/sálinc. · 

. the lncorporatiori ·of l' 4C]-glucose into lipids pro­
duced by cpincphrine alone is in agrcement with the 
findiogs or Leboeuf et al. [35). 

l11s1di11. lnsulin is one .of the hormones with con­
siderable infiucnce on lipid meta,bolism. in adiposc. tis-· 
sue. To determine whcther· the action oícyi::loheximide 
was insulin-dependent, _the elTect oí' the· antibiotic wás 
assayed. in. alloxan-diabetic· rats. Cycfoheximide pro­
duccd the expccted effcct in fasted diabetic animals, 
but failed to elicit a response in. red rats·(Tal;>le 4). · 

A characteristic of the lipogenic action qf insulin 
wlu,:n [ 1~C]-glucose is used is unequal distribution of 
the.- labcl between fatty acids and glyccride-glycerol, 

· favoring the former moiety [36]. Cycloheximide 
behaved differently from insuliri in that the antibiotic· 
increased thc lab_él equally in both parts of'the trigly-

ccride 1nolecülc without producing éhai1gcs in its dis-. 
trihution (Table 5). . . 

Clrcmges iir circulc11 i11g j{uids' 

Bloo<J glucose imd glycerol, free fatty acids and total-. 
purines and pyrimidines or thc plastria were studied in 
an atte1npt to éorrclatc thcse paran,clers with !he clTcct 
of cyclohexiniidc. lt has 'ticcn 'shown lhat cyclohexi­

·.mide produces d~pletion of livcr glycogen and no 
éhange· in blood glucose levcls in red rats injected with 
thc a_ntib1otic· ftom 2-10 hr prcviously [37],°:lri agree­
menl with these results, no. dilTercnces in hlóod. sugar 
levcls were dctected in fasted° animals tréated for i hr. 
with cycloheximide (Table 6).. . 

Ir has been reportcd that Actidione producc·s an ac­
~u,nu_lation of R NA in yea:st_[3~. 39], in regcnei-ating_ 

Table 2. Role or sexual hormones on the response to . tyclohcximide in Jhc convcrsir,n oí glúcosc 'inlo · lip!<ls*, 

Sex oí Experimental S11hst1111cc S¡,ecjfic uclivity p 

the rats conditions inj,:ctcd (cpm/mg o( lijii<l.s) Ratiot vah1c 

.· Males Normal Satine ?·62· ±' l ·05 lll·lll < ()·001 
(15} 

Cyc1ohexirnidc 77-48 ± 9-67 
(15) 

< O·ÓOS Oi:chiec.t_omy ~aliric 9·02 ± 1-l)R 2'31 
((1) 

,.Cyclohcximidc 20·84 ± ]·17 
(10) 

Orchicl:tomy Saline 11-95 ± 2·01 '!.·27 <0·10 
plus (6) 

tcstosterone 
Cyclohcximidc 27·22 ± 8·21 

(6) 

Feritales. Normal Salinc 8·21 ± 2·03 4·62 < 0·001 
(9) 

Cycloheximidc :17·94 :!· 5·50 
(]2) 

• The data oí thc. normaf .malc rats·~re írorri Fig: L_o'thc.r,specifications as in Tahle l. . 
t Cyclohex-imide/saline. · · 



Lip!)g_enic action o( cyclohcxiniiae 

Table l E(Tc.ct ofcyc;lohi:xiniidc 01nhe cpididymal fat 1~,i"d of·adrcnalcctomi1.ed ~ats and a~trcnal~ctomizcd.rats with súhsti-. 
· · 't.i.1tivc lillrmon:11 trcatmcnt* ·. . . 

. · Suhstance · Sp<;citic activity p· 
Treatmi:nt ihjccicd. ·(cpn\/111!! .or lipids) · Ratiot vali.li: 

.Adrcnalcctomy 

Adtcnalcclomy 
plus 
·corlisol 

Adrc1i1ilcctomy 
plus: 

· corticostcronc 

Adrcnalcciomy· 
pli1s 
cpillCP,hrinc 

• Spccifications us·ili 'f.ablc l. 
t Cycl.ohcxímidc/saline: · 

·suline 

Cyclohcximidc 

Salínc 

: Cyclo~cximide 

Salinc. 

<;Ycloheximide 

Saline· 

C'yclohcxi!Tlidi: 

. . 
rnt livcr'and in rat adrenal glands[l4]. On thc other 
hand, an intrapcriioncal iñjection ór RNA, AMP or·· 
adcrnosine incrcascs the syntliesis o[ lipi.ds in adiposc · 
ti.ssuc [15].,Ahhough RNA liberatjon i11to the blooo-· 
strcan1 has nol becn rcported ,in animals trcated witl~ 
cyclohcximidc; a: possible incrcasc of RNA or its hy •. 
drolysis proclucts in the circulating· fluids of animals 
trcatcd with this·agent was. explored. The decreasc in 
thc to'titl ¡Ímount ofpurinc~and pyrimidines in plasma. 
which has "bcen considered -by Mclntir!!. an<l 
Smith l29J to he equivalen! to the contcnt of nuclci 

·. acids; .observed after cydohc)limi.de a_dniinistratio11 
·(iable 6) is against Ü1e idea. that the elTccf oí actidione 

. . 

-~-
9·71 ± 1·87 }31t < 0'01 

"(6) 
32·84 ± 6'6-9 . 

(1) 
5·04±1-78, 3-32' < (}.1 

(3) 

16-~6 ± 4·12 . 
. . (3) 
8·82 f 3-21 2·35 ~.0·05 

(J) 

2oq6 ± 2·09· 
(3) 

21·64 ± 6·68 , J·IO .< O·~ 
(3) 

23;8} ± 4·112 ,.,) 

on lipid metaboHsm. is , mediated thro4gh this 
111echanism: · · 

Plasma glycerol and free. fai.ty .acicls wcre. cjunntified 
as ·an indl:x oí lipo.lysis i1t ,,i~o. Cyclobexíitiide. pro­

. duces a slight ·de.crease in plasrpa glycerof .(Table ·~) 
.. and, in agrcenicnt with thc findings oí olhcr a\llh-
ors [°iO, 40], a significan! fall iri pl;tSma frie íatty aeids 
(T.able ~). · · 

. Epi~liclyma( .fi11 :i,acl i11n;f1111 in11.~ 

Épididymal fat pads frdm· animals trcatcd for i hr 
.with sa_linc or .. cyi;10J1cximidc wcre incubatcd in Nr,·1, u·s 

Table 4. Effcct of cyclolicximidc on thc transformation .or [U- .. 4C]-gh.icose intÓ fipids of lhe: epididymaf íat pad .fro,n 
· · ·:.ano~¡ui-diabctic rars* · 

Fastcd 

Fcd 

Fccding 
conditions 

• Spccifications as in Ta.ble ·l. 
t C'ydohcximidc/salinc. 

Substance .. 
injcctcd. 

Saline · 

Cyclohcximide 

·salinc 

Cyclohcximidc . 

Spccilic ac~ivity 
(cpm;'mg .. of lipids)" 

7·91 ±, 0·88 
. (J) : 
.54:JO ± .15·07 

(4) . 
Hí-13 ± 5·04 

·. (3') 
7·t7 ± 2-10 

(~) . 

p 
,yaluc· 

6·91 

0·44 < 0·20 

-~----···---. 

Tahlc 5. ~chiti~c. distriliution of radionciive·cm;hm) from uniformly lahclcd ¡:i 4é).gluc9sc i,; dilTcrcnl lir,id frac_ti1~11s*' 

Suhstancc .. 
injcctcd 

Non-~ap~1.riifü1blc 
(\) 

Fatty acids 
("~) 

Glyccridc glyc~rnl 
(~;.l . 

-'-------~-,---,----,--~-,-~-----'-·-~-....... --~-~-
·S1tliiic 

C'yclohéximidc 

l·J(, ± 0:46 
(3) . 

0·9.1± 0·33 
(3) 

•·spccificatioils as in Table l.. 

9·.l6 ± 7· 16 
. (3) 

9·07' ± ·4·Íl<, 
(3) 

!1!<·93 ± 7-77 
"(.~) 

90·01 ± 4·6 7 
(.3l 

9·5 

10·0 
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Table 6. EITcct of cycÍohcximidc on J,lood ghicosc and o·n1 pl,1~11,a total purincs :uid pyrimidincs. '¡!lyl!crol and free: foUy 
aeid~* · 

-- ·-----·-.. -- . . 

Time _alter 
·, --¡ njcct ill n_ ¡-, .. 

¡ii,inl 

Glucosc_. 
· (mg/lOOml) 

TPPt . 
(cqu1valé1.1t to ¡1g DNA/ml of pktsma) 

Glycc~ol (J!mol~s/1.) · · 

Free fatty acids_(¡1equiv./l.) 

f,() 

-IW 

60 

120 

120 

S;1linc 

M·(,7 i:-l-.lll 
(5) 

57·75 :!: J·51J 
(51 

Jl9·2::!"+ 
·iii 

25·10 

2"W!I ± 21J·70 
(111 

J9lJ·•)i; .:l. =n· J""! 
(7) 

{ ·yc{oh.:,i11.1ilk' valuc 
----------. ··-----
(il/·i2 .:1: -i:x1 < 0:-l 

15.l 
,,o: 15 ;1_ ~:~,, .··o:¡; 

; (51" 
210·55 .±. ·.17·5(, .:. O·I 

(8¡" 

215·1 ~--!- l:'o'"/1 < O·I 
(1.11 

~~\).~(\ -1 ~~·()~ O·lllll 
ISl 

-,------'----------~---=------····---------····· 
·• Spcci!Ícations as in Table l. 
t Total of purines ánél pyriniidines. 

dcscribed u11dcr .Matcrials and Methods. The epidiély­
mal fatpads from rats ittjcctcd with-~yclohcximide pre­
sented a 5-fold increasc in thc incor·poration oí [U-
14C]•glucose in.to lipids:-a-n enhan¡;cment'in the release 
oí glycerol anda dirri"inu_tion in -th,c releasc of free falty 
acids into the m~_dium·(Table 7). · 

DISCUSSION 

aclÍvc _in accclc1:a1ing lhl· Ulili,alio_n 11i: gluéosc to Jorm 
z-glyccrophosphalc and l:tlÍy acitls. S11m1iia1.izi11µ. cyc­
lohc:ximidc · l~clm\'cs 1/kc ;r .lipogcnic i:0:mpo1111¿1 .. i·n~ 
crcasing_ lhc: synthcsis oL lriglyci.'ridl·s ·in la,tl'd rnls. 
lhus mimicking w'hat happcns in thc. lccl ti11cs. This 
lipogcnic. aetio11 ü[ cyclohcximiue a1~rc11rs 111 he· jndc-

· pcnd~nl of an .inhihilion of prnlcin sy_nthrsi, sin.ce thr· 
other ii1hihitor~ lcstccl f;11lctl lo prndticc: thc dkcl de• 
scrihcd ·hci:c, Ho,vcycr, 111cdialfon lif sorne 111clabolic 

· A stimulation ·in fatty- add re-ester'ification in thc disllirbanccs rcsulting íi:t'lll inhihi\io11.of pnill·in s}•l­
epididy1úal fat·pa9 is.one of thc mclabolic evenis cli~ thesispr~1duccd hy cydl'·h~·,·imidl' can11111-I<· nikdl'llt:. 
cited by c:ycloheximide. Thc following responses fo lhc Thc glyd1gcnolytic acli1in oí c~·1fohc:-.11J1idl' ! .:} 1 docs 
antibiotic support this point oí vicw: (a) thc cnhanccd 1101 sécm lo he rcs,j1nnsihlc fm I ltl· dli.·i.:t dcsr1 ib,·d hcn:'. 
rclease of glyccrql from epfdidym<1l' fat pad (Table 7);: sincc i-t fs nol prcscnt i11 Íl.'d anim,ib \VÍlh ·¡¡¡_~h liwr gly< 

.(b) the djminishcd release oí free fatty.ac;:ids in lhc samc· cogen lcvds itnd il \\'aS Óh.scrvcd. in 1i1slt•d imimals with 
tissue (Ta~ie 7); (c) the dccreasc "in plasma free fatty_ low levcls Óflivcr glycogcn. In ;1ddition. p11rP111ydn. 
acids in pitlO (Table 6); (d) ·lhc abscncc of. response i.n which is also a glycogcnl1lyli1.·. i:11111pot11id 1 .l2J. docs· 
fed mis (Table 1) where 97 pcr c;cnt cif·free íatty .ácÍds not éxhibil thc samc m:t-ión as cyclohc.\imidL' 1,11 -lipiil 

· are re-est~rified [20], mading undctectable any further melabol.ism. . · 
stimulatiori ·in- this proccss; and (e) the l"imitcd 4-fold Th!! incrcas(! in g.lucosc incorporaljon inl_d lirid~ ~luc 
lncrease o(radioacti-ve carboi1 into lipids whcn [1.4C']-· to cyclt)hcxim.idc is pwhal~ly i1idcpcndc111· an,I di~1i1w1 
glucose wa·s iitjccted.°2-hr earlier compared .to the in° froin thc·lipogci1ié m:tiun df 1nsi.1li:r1. s-incc ii is prc~nf 
·crease obtained .in the ''pulse-type" experirnenV(sce iÍ1 alloxai1-di¡1bctic rats·(Tahlc· -1) and llic dislrihulion 
Results). · · · oíradioa.c.1ivc.car!1on frolil ['·1c¡~gluc,1~·-hd,,·c~i11,gl)-· 

According to the data of Table 5'. cither in c0ntrol ccrol and fattv· acids aflcr aniihiolic 1icalinl:nl (Table· 
or in cycloh:eximi~e0 treated· rats, :::: 90 per cent oí lhc 51. is· dilTcrcnt • írom 1ha1 pi1,d11ml h~ ínsulin [JíiJ-. 11 
la!Jcl from 14C-glucose was localizcd. in the·-glyc_cror also sccms Jo he imkpcndcnl ,,1. th~· uclil,n i,r q,inc­
moiety a.nd :::: rn pcr cent in tlie fatty-acids of thc frigly- phrinc.-sincc t.his hori11nik rnha 11l·c~ .lhc rckasi.· of frcr. 
ccrides, Since cyclohcximi~c incrcascs 10-fold U1e in- fatlv aéids whik: 1.·vdohéximidl· dccn:asc:-i·i1 (T1hk 7). 
corporation oí glucosc ii1!0 ljpic,is. (reported hoth as Th~ cllcci i.if cydi;hl·xin)idc ~111 lipi~I m~laholi~m i~. 
spccific activity and as nct" incorpon\lion in "pulse-·· prohably .rcíalcd to soml· úH1(r . l.1Pm1\111al r<"quire­
type'' cxpcriments; Fig. U: ít i~eans thát lhc antibiotic. mcnls.nol ycfclcarl) cslahlished.Thc s1)1,dl"cr lipogénic. 
in addition to stimulating · re-esterificalion; · is very· · response l? cyclol11:xim·id!.! in fcmalc · rats · ami in · 

Tahl_c 7. lncubation of.epididymal fal patls· fi-om sa1i11/i11id cyclol'.~~i1~idc~-·.'::~'-•_c,! a11imals* 

Trcalmcnl 

Salinc_ 
---~-------------~----------· .. -----.. ·--· ........... ····-· 
14C fr.Qm glucosc inccirporatcd into lipids 

· (cpm/mg of lipids) 
Glyccrol rclcascd ·. 

(Jm1olcs/g wct wcight) · 
Free fatty acids rclcased 

(¡requiv./g wet weighl) 

81 :47 .± R·NR 
(6) 

.l051J. t 0·18 
(81 

5·(,1)'± 0·46 
. 18) 

JIJ~·:'iO ± .1~:¡;o_ 
f(,"I 

. ,FIJ4 ¡. 11·.lt 

J·h.l i 11-.1,1 

i:,1. 

I' 

11-11111 

1Hlll5 . 

1°1·111 

_ _._....,.. __ -'-e-~--'---------~---··------· ··-··---· .. 
• Aliquots or lhe m·cdium hcí¡nc and aíter inc~1b1ition were "lakcn ípr thc dc11:rmi11:11io11 ,,r lr,~c· lilu~··aéid~ ami 1;h"i.'1:°nil. · 

Othcr specilic~tiims as in T¡i~lc. 1-. . . . 

.1 

¡ 
í 
1 

\, 

.. 1 ., 
r ¡ 
'· 

¡ 
.!· 

·I 
1 

i 

_r 

i 



Lipogcnit :,clion oí c:yclohcximidc. 

orchicctomized or adrcm.tieetomizcd · 1\1;\lcs, togl·thcr 
with-lhc· inuhilily oí various· .hormo11cs. to ·rcstl1re a. 
con¡plcie response to thc anli~iotic, did not allow any 
d~finüc cottchision.. . . 

Fii1aHy. the findings dcscrihcd ÍB this papcr indicate 
thnt grcat carc musl he ta~cn in thc ~tsc .or cyclohcxi­
midc as an inhíhitor oí protcin synthésis in studics· of 
lipid rnctabolism. On the·other hand. -!ts .use as a tool 
in. !he i11vcstig:1tion or thc 1·cgulation oí Hpid biosy11-
thcsis must be considercd. 

1 . . \ ' 
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rJr. A-111011(0 Peña íor .. c:ircíul n;vision of_ lhc man~l'scripL 

Hl•:Ft:111-:NCES' 

18. V. ('h1ig~ya; A. Hamabata and J. Lagima. in im,•niil• 
titi1111/ Sr111posii1111 E11zf11111lir: A.~prn~ c!f' 1~(etc1/1,o-/ic, 
Rer111/cr1i1111 (Ed. M. r. · Stulbcrgl. p. 61. · Nalioi1;il 
Canccr Insritµlc Monograph 27 (1966). 

19; H. A. Lcón,,Ei1,/ocri110/Qgy1R, 481 (1966).. . 
20. S. P. Mukhcr:iec anq. C, MLikhcrjee, Ant;· ,l. P!1ysi~/. 

. 224, ~98 ( 1973.). 
21. G. Weber,. R. L, Singhal, N. ~: Stam; É. A.' Fisher a:nd. 

M. A. Mcntci1diek. in A·clr:m,ces i11 E11zyi11e R<•g11/111í11i1 
(Ed. G. Wcbcr).:Vol. l. p. l. Pcrgamon Prcss. N~w Y¡,1:k 
(1964). . . . 

22. H. J. Hononll, F. H. Krcntrnnd.M. Reim, Bioc:lil'111. /;;11-
. . j,lrys. Res. Co11li1it111. 4, 163 ( 1%1:¡; . . 

. Z?tJ. Folch; M. Lees and G. H. Sloanc Staniey. J. hiol . . 
1·: .. C/11•111. 226,497 (1957).. . · 
24. · M. S. Kornackcr and E. Ci. B:all, J. l>iol. Cirem: 243, 1638 .. 
. .'(\968).. . . . 

25. G. A. Bray. A11a/yt. Biod1e111. t, 279(1960) .. 
26. N. Nelson and M. Somogyi. ii1 M,•thQt/s ·;11 E11.:y1110/ng.1; 
· (Eds. S. P. Cotowick.and N.O. Kaplan). Vol ll,I, p. R5. 

. Ac.1dcmic.Prcss,New York.(19~8). · ·. · . 
l. A . .l. Whiffcn. N. Bohonos and. R. L. E1Í1crson, J. /111<·Í. 27. V. P. Dofo imd H, Mcineriz, J. ·hiol.' Chem:.235, .2595 
. 52; 610.(J946).. ' . . (1960). . . . . . .. 

2 •. H. E:·Lcuch. J. H. Fonl :tnlLi\. H. Whiffeli, J. Am. 1"h1•111. 28: O. Wichincl, in Afrt/Íl>cls i!{Jfo:)'111atic A11alr.~Ú (!;d. 1 l. .· 
. Soc.(,~,47.4(1947). , V. Bcrgmcycr). p. 211. Acadcmic Prc'Ss, Ncw Yo1l 
l D. Kcrridgc; ./,.!/<""· Mici·11hi11I: 19,497 (1958). (1-9()5). . · 
4. 13. (:olombo. L. Fdiccti ami C-Baglioni. Bioc/11•111. /1io- 1 • .29 .. ·F. C. Mdntirc and M. · J. Smilh. Prc•r: ~~i>c. , ..... ,,. ¡ii,,/. 

¡1hys. /k.~: ("01111111111. 18, JX\l 11965.). · . · · Af e,i. 98, 76 ( 1958). ': . . · . . 
5. A. C. Trak:1tcllis, M. Montjar and A E. Axclrod. mo- 30. ·M;- Mararim.lsu. · N; Sl1imach\ and. H. Nakagawa . .í: 
. d11•111i.,1ry. 1\'. Y, 4, 2065 ( 1965). · moler. Biol .. 53, 91 ( 1970). . · 

6. A. Korncr. /li11c/Jr111. J. IOl.·627 (1966). 3t: E, Schaírir and E. Wcrthcimcr. in Hmidbrok.iif Phrsi-
7. H. S. R:tliga,.-A. W. Proncz1ik ·a.nd°H. N: Munro . .1 .. /lio/: olq{l_r: Adipos,• Ti.~sm·· (Eds. Á. E. Réynold an·d G .. F. 

Clwm. 244, 4480 ( 1969). . . ·cahill Jr.t Scclion 5. p. 417. Am. Physiol. Soc., .Waiih:, 
K R. A. Raff. J. C,•11. l'/iysiol. 75,341 (1970). . ington. p.C.(1965).· ' . ' ·.. : · 
9. A. B. Caclwcll and J. N. Fain;, llm·111~11<' Meu1h. n ... ~. 2,. n J. Holcrt, J; Gorski. G. C. Mucllcr and R. K.· !lo\ltwcl[ 

-~ 119701. · . · . Ard1.dliriclw111. Biopln·.~.·91, 134 ( 1%2). · 
10.' 11. Bai:-On. O. Stcin'and { Stcin. lJiod1i111. Moplry.~. tlcla 33. P. O. Ray, D. O: FClstcr and l·L A. Lardy, J.'h/c¡/. ·Ch(•i11. · 

270, 4.¡4 ( 1972). 239,3396 ( 1964). . 
11. S . .laciilcvich:iúid s: Villa-Trcviñn. Lah. J,;1.•est. 2..l, 590. 34. G. E. Hoxcr ·aml D. Stcttcn. 'J. liio/. Ch,•11(. 153; -<,07 

. (1'170). • . ... · (1944). . . . . 
12. D . .l. McNamara. I· W. ()u¡1ckcnhush and J. W. Rod- 35. B. Lcbocuf. R. B. Fiinn and G. F. Cnhill.Jr., Proc. Sni:.'. · 

· \\'CII. Upid.~ ·5, 146 ( l 970i. · · . ,·.~p. Biol. M <'tL 102, 527 ( 1·959\. · . . 
IJ. W. R. Jondorí. D .. C. Simon and M. Aunimclcch. Bio- . 36. V. P. Dolc. i11 f/1111tlh11ok o.(Pl(vsiology. Atlipose Tissrte· 

chl'm. /iio11hp. R<'.1. C11111111111i. 22. 644 ( 11/66): (Eds. A. E .. Rcnold and G. F. C'ahill-Jr.~ Section 5. p. 1'5. 
14 .. S. Fiala and E. Fiala. Bi11c/1i111. /ii1•1•l1p. Acta Hi.t 699 1\111. Physk,l Soc.: Washington. D.C ( 1965),. : , . 

. (1%5t .17. H. Cccil and J.. l}itnmn, _.4,.drs B1cirlr1·11i. Bióp'lrys. 1.19, 
15. V. Chagoya de S:inchcz and E. Piña. Frms ú•tt. 19, J31. 105 (1%6). . . 

. ( 11>72). . 38. H. Fukuluira; Bioc/1c1,,. ·hiopl,y.~: Rd. romm1111: 18, 297 
16. E. s. Wést. w .. R. fodd, H. s. Manson ánd J. T. Van (1%5). . . · . . .- .. 

Bruggcn. in "frxt!11ml, of Bi11d1i•111i.~tl'J'. 4th Edn. p. 1153. 39. R. J_. T.11bcr Jr. and W. S. Viccnt,. Biii,·liem. biof'l,ys. Re.í. 
Ediiorial .fntén1111cric11,n:1, s. A. México. o: 1-:. (1969). ,Ccm,m,m. 34, 48K (1%9); . . . . . 

17. R. U. Giclic. A. Ruhmann-Wcndhold. L, R. Johnson and, 40. E. Gravcta, P. -Pani. A.· Fcrrari and ·C. Mazi.a~ipo, IJio-
.1:>. 11. Nclson, l'rnc. Sóc. 1•x¡1. Biol. Mee/. 142. 54 ( 1973). r(rem. Phar111aC". 20, 3423 (f971'). · 



Rcprinted fr-0m The JhimNAL OF Lil'll? RESEAii.cn, Vol. 18, No. 1, Jam.iary · 1977 
C~pyrigh_t- .© 1977, hy Ln•m REsEAncu, INc, 

Printoo il! U. S. A .. 

Stimulatory action of ·cyclo~exi.mide 
on glucosa -metabolism in the rat, 
epid idymal fat ._·pad 

J.. Adolfo .Gatcía~Sáinz, Enrique Piña, and ylctoria Chagoya de Sánchez 
. . ~ ·. . 

:.oepartmen~o ele :Biología Experi'inental;. Inslitüto de Biolr>gfa, Universidad Nacional 
Autónom.a,de México. México 201 D.F. 

Abstra~t The action or cydohéximide 011 sórrie, p;irameC(;!l"S . 
of glucose an.d ·Jipíe! metabolism was studied -in vitro in 

. epid\dymal'fat pads fr?tnÍ,i~ted rats. lncub;1tion of fat. pads. 
· with cydohcximiclc ( I µg/ml) for 2 hours rei¡ulted in a two-. 
fold incl'easi:: . in glucose. uptake, glucose oxicla~ion, in-. 
corporation of glu~ose into lipids, ancl rees_terification.· of 
·(rcc . .fatty acicl. The. increasé in glucóse ox:idation was 
evidcnt in cxperiment~ in· whic::h [U-14q, [-J._1·1c], .ór 
[6-1'1C]glucose was .1clcled to the media, but it was absent 
when the media were· supplcmel1t(~cl with ·py.ruvaté .. -ln­
corp(,)ration oí glurose into glyc~>gen imd. accumµlation oí 
lactate in the meclium wcr~ not scriously -rnoclifiecl by the 

· pres~nc:e . oí cycloheximicle. · The. stimulalciry· effect of 
q•clúheximide on iru:orporation of gluc;ose ·int.o lipids was 
ahscnt when insulin or.rortisohvas added to t.he medim_l'1. 
A cydohcxi'mi,dc-r:nccliatcq hu:reasc in glucosc uplakc sccms 
Lo be r~spcmsibk· íor the subscquent changcs -in gh1c9sc 
me_labc>lism, é)nd wmrkl scem I<> be indcpcndcüt. of flll 
inliibitinn in protcin synthcsis; puromyri11 ami actinomycin­
D ~lid not minlic thc >c:ydohcximide -action cm gh.icos<· 
incórporation imo lipicls_. 

Suppleméntary key words. adipos-e t-issuc rNetabolisin ; glucose. 
uptake· · glucosc incorporation into lipic1s · rree fouy acid 
csterific;¡tion 

Cyclóheximide {CHM) -is an antibiotic widely used 
as an inhibitor of protein synthesis in vivo (1) and 
in. vitro (2). ln a previous pa¡)er (3) we reported that 
2 hr after an in~1:aperitoneal injcctiori of CHM · iHto 
fasted male rats, there was a 10-fold incrcase in ·.ihe 
incorporaiion of 14G from 14C-.labcled glucose· iiito 
epididymal fat pad Iipids. Qthei" inhibitor's of protcin 
synthesis did not pfoducc this. cffect on · 1ipid 
metabolism. 

The aim· of the prcsGnt. papcr is to.charactcrize thc 
in vitro effects of CHM on adipose tissue metabolism 

, in. ordei: to gain fu_rthei·· insight on the ·rnccl1anisn? 
of actfon of ,thc antíbiotic in a systcm that is less 
complcx than the whole animal. 

Cyclol~eximide,.puromyciu, bovine scrum albumin 
(fraction V) ancl ·glycerokinase. wcrc obt.ained · fr~>m 
Sigma "Chemical Company- (S~. Loui's; ~-IQ),. ·Actipc:,-, 
mycfo-D wa:qmrchased fn)111 Niitritional Iliochl;ntical 
Corporat.ior'1 (Clevcland, OH). n-[LJ.H(:J(;Iucosc (2.<>0 
mCi/mmole), n~[I-14C]gluct)Se .(5 mCj/mmolc),. I)~. 

··[6-14C]g.luc.ose-· (5 I .2: mCi/mmole) and. L-[U-14C]leu­
cine (180 111Ci/i11molc) were obtaincrl frc1m l r_iterna­
_tional Chemical ~nd Nude,i~ Corporatfon ((:fovdand. 
· OH). Hcxokinas.e, gluc:osc 6-phosphat.c· · dehydro­
gcmisc, anéla0 glyccrophospha1e dchyclrogcn:1~('· i.v.cn· 
obtainc~l f'rom ~~~h.dngcr und Sc>chnc {Ma1i1ihei111. 
Germany). 

Experimcnts ,,.¿;re perfrm;1ed wiJh 111;Íli.• \YislaJ r:11~ 
weighing beh~·cci1 1.20 ,ind ·170 g- · ancl _f'a°St('(I rnr 
16-20 hr. Rats w~rc. killccl ·hy- clc<.:apitation .rt111 
e·xsanguinated. The · e-pid1dymal : far· pads w·erc. re: 
moved as fast as possibl~ w·ith n_lininú1l harú:llirig;. 
rinsed in 0.8.~% NaCI, ancl. incübat.ecl in· a Di.tbnc)!T 
metaholic shaker at 379C in ·s1.op1>ered. 25-ml ErlC'iis 
in~yer flasks. Usually .~me 0(1.he two ~i~s\ics .nlira!.11ed 
froni each animal scrved ·~1s coritrol; thc mécliuin irl · 
wl1ich the cohtralateral tissu~ was in~ubat.ed i.'.t11Í· 
tained.CI~M. The amount.of 1.issue p~r fla~k ratrgc-d 
bctwcen. 120 and 150 mg ( W3 .. 0fi ± !i.4 .il'1g coiilrol; 
138.77·± 1.96 ·mg experimental;. an ave_ragé oí :{IÍ 
sa¡nples ± ~El\l in each case). In addi1ion to tlw tis~uc. 
each flask coritaincd ~ nil of Krcbs-Ringct' bir~1rht:111at_c­
búffei·,pl:I 7.-~. wh.ich rnntainl•d: l f!i;:rn mM ·N;fCI. 

. 4,.74 mM KCI, 2.54 mMCaCl2, 1.18 ml'vl Kll 2PO,, 
1.18 mM MgSO.i, 2·1.88. ml\J N.11-1(:0:1, 1 :íO rng of 
bovine. serum alhuinin (fractfoi1 V, liltC:i:cd 1h.rn11glr 
a millipore filler accord_ing to l)ok (·1)'ancl rnn1ai11ing 

' . . . . 

. . . 
Ahhn•,•ia(ions: C:IIM, 1·vdnhcxi111i«lc; FA; f'attv ;u·ids; FF.-\, lirc 

fatJy adcls: <'.ydic Al\11', cydi.~· ,1' .:, · adcno~inr mt111ophnspha1t·. 
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Fig. l. Efft'Cf of rydohcximicle 0111hc inc:orpm'alion nf 1-1c f'rilm [1·1c:]gli1r;1sc i1110 lipi;ls in.l'l!itli,_lrmal H11 pads .. 
. A)' Oosc-rrsponsc, H) 1_in1c~coursc ancl C) mediu·m gh1rrn,c·concé111ratinn (( 14C]glucosc spcci!ic .ii:Li\"i!y. was 
rmiinta-inr.d .. constant). Pancls B and· C, ·~ontról (0-·- O); CHM (e-"" - e¡. Vcrtkal lincs repfrsent 1hc 
standard. error of at l~ast five iridepenclc111ly i"nc11ha1cd pads. · · · · , . . . . . : 

0,9 µeq ol' FFA assaye~I by the methód of Dol~ ancl 
Mei1Jer1z (5-)), and Ü. l mM (2 ing/ml) gluco.se. In. 

··somc experimcnts· l µ.Ci of 14C-labclecl _glucose w~s 
in the_lnc:ubation mecliu_m.·The incub,,üon medium· 
\i•as ·hcated to 37ºC and- gassed ,with 5% C.Oz-95-% 
o~ before the ~lonor animals. w·ere killed, a11d. th~ 
flasks were Aushtd ·.with t.he same· gas ·mixture _after · 
the tissue was aclclecj. . · · 

Lipicls were exti·acted according to the. method of 
Fcikh, Lees, ancl Sloane Stanley (6) .. ln some experi­
ments the lifiicl extracts ·,vere saponified ancl ihe · 
distribut-ion ·or radioactive carbon fro~n glucose 
b~t\veen glyceridc:glycero!· and fatty acicls was sttidiccl 
by the· methocl of Kornacker a-nd B-all · (7) adaptcd 
as pre\'iously dcscribecl (3). . 

When ·1ipolysis and estcrification: were stuclied; one 
pad from éach rat was used to determine the initial 
CClllCCntration úf gl_ycerol and FFA., áúd .the other· 
on·e -was incubated. The epidíclymal fot pacls wcrc 
hómogenizecl in .3 · 1111 of col.d _glúss-cUstilled \'{ater. 
One mi each· was .taken · from both · ineclium a:nd 
horúogcriatés; FF A was determined by. t.he 1net.hoci" 
of Dole ancl Mci1Íe1;t.z (5) and. glyccrol- by tht~ ·j1ro­
ccclurc of Wiel~md (8}:The rate of FFA estcrificaÜon 

. was cakttlat.ed accorcli"ng to Vm1ghai1 · (9). ·GÍuco¿é 
uptake WilS m_easurcd as di.sappearance of. hexosc 
froi:n the mcdium ancl was cletermined by the method 
of Slein ( I 0); . 

Glycogen. w~s quanrificc} by the antl11:one ( 11) 
mclhocl. Tl-i'c [MC]glucose incorporated· i11to glycogen 
was measurcd according to Ha·ssid a11cl Áh.i·;1ham. ( 11). 
Lactic acid was mcasurcd by_ thc .mcthocl of Hohorsl. 

.( 12). ox·idat.io·n of radioaetive _·gli,cose .was rneai-ured 
by its t;orWcrsion to 14C02, whith 'w;1s ahsorbecl in 
0.2 mi of I M H ya mine clissol\'ccl in ·mcthanol an'.qrcl­
ing to the ínethocl of Del Büca ancl Flatt ( I 3). Préitein 
synthesis was stucliccl by measuring thc i.nc:oi·poration 
of [i4C]leucine (0.2 µ.Ci per flask) i1!Lo pr~iteib·. 
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· Pn~teins wcrc· isnhtt.c.ci accrmliil"g lo 1:cigdsún, · Fc·i~d­
son·, ·,Ind Fanclier (14), ancl ~uspcncled in formic.add 
for niea!i11rcmc11t' of\ r~1clioac:1ivi1.y; ··Thc 1:1C i·;uliii­
actidty ·was li1casured in a J>a'cka_rd _Tri~Carli _ licjt,iicl 
sdiitiliatfon spectrometer:· ("Packa:i-d. lnslru1ncnt Co:, 
.Downers. _Gr:ove, · I L) as ·previously de~crihccl (3). 
Spec:iaL conditions usecl in . smnc panicular ex¡)ci·i~ 
1nents are given-in "th~ figures,·tables. q·r in lhc texl: 

The Te·suks m:e prese1~t.ccl as per gra.m of -li'(iid nr 
wct weigh1. of tissuc. Bt~th mcasurcmcrlts é\_r.c_Tc~111-
pa1:able si.nce it .was Jouf1cl thal und_cr our exJ)cri­
mental conclition"s 70.69 ± 2.23% of the wet"weight óf · 
t!1e pads was · Iipid. (mean ±·S-EM or · t 1· ck.tc1 \11-iii.a­
tiéms): Statistical c:omp~1risons bclween grc~ups of elata 
,,·ere per(orin~cl _by thc S111cJe!1t's t test.. 

RE,SULTS 

Fig. 1 shows: th_e result~ of prrliminary ·sh1rÍics· 
_that cldinccl _e.xpcrimental cnnditi1_ms_1isál in sulis.<:­
cíücnt. "inn1halio11s. CI l_M _inc:·rc.tscd i11n,rpm'i11io1.1 01.· 
[1-1C]glucc.1se ill,to lipids. at diiscs hc1wern .0; I· ¡ig/ml · 

.and.10 µg/nll"(P<:O.OOl)'(p,mel A: Fig: 1): a-dosc 
of I µ.g/ml wa¡; sdecl_cd frw all- subscquel.lt st.l.ldics · 
inclúding thos~ ofpni1els B and C-._ Th<! inc01:poratio_1~ 
of. [14CJglucose into lipids 'éli~ nC:lt f"ollow a )ine·ar · 
patfern either in rnntrol .c°Jl" in Cl·P.1-treat-ccl IÍ!-SUCS· 
(pan.el B, Fig: 1), Therc was.a lag pcriorl in· tlws1i11111: 
latory áclion ófCI-11\I and thc highcst_ .CIHikoni.i·ol 
ratio.was obtainecl aftcr 2 hr of incubar.ion; ihis i.vas 
the incuhatio1j. time usccl fo1: ali· thc _cxpcrimci11.s 
irídu.ding · thosc rcprcscnicd ·in -j>andi; A anil c.· 
Thc nmximum resp011sc lo Clli\l il'I ,·in1 wa¡; al~o 
founcl 2 hr .,f"ter its admi:nislmtion rn. 

Thc ef"fcct of.iucrc;1~ing glucosc rnnrc11tratii>t1 _1111 
the convcrs.ion ol' [1·1CJglurnsc to _lipids fnllnwccl a 



simple saturation kinctic:s {pa"nel .e: Fig. 1), The clif­
fcre11ee hctwcen control and CH M-trcated tissues was 
statistically signiíicant in · ali cases:· A. sat1.,mlling 
glucose c:onccntr;1tion (2 ing/ml) ·:was'-t1sed· for aJ.I the 
experime1its. · 

Modifications ofthe"incub~tiori medium 

:rhe .~once_ntrations ~f severa! coh1po1~ents" of the 
inrubatión mixture "~er~ moclified in an· cff01'lto mag­
nify ·t.he action of thc antibiútic; and t<->· obtüin the 
optima! ·conditions to study its atÚon. 

,.It Mis been. rcp~rtecl th_at glu~ose uptakc by epi­
chclymal fat pacls is related · lo the concentratior.t of 
{FA in the mcdium (15) ami·. that tlie. moljilization 
of FF A is related to t.he calcii.1~11 concentration iti-the 
extracellular fluicls { 16). In our systcm,t.h_e·in~u bátioii. 
mixture contained 50 ing/ml of albu1'r.lin .in.el 0.3 µ.eq/ 
mi of FF A. In some experiments the _concentrátion 
of .1)oth subs_tances ,vas _changed indepcnci.cntly: 
albumin concentrations of.12.5-75 rng/ml,.and FFA 
co.ncentrat.ions of o-o.6 .. µeqtml _were i~sec{ The 
_calcium co11é:en~ratim~ usually (2.54 mM) was also 
moclificcl in a serit;s of experiments from.O to 5.8.,'nM: 
Ch,111ges in t!1e conceiitrations of the-se comppnénts 
in t.hc incubation ·mixture dicl not múclifv thé C!-IM- · 
mecfo1.ted stinwlation of lipicl metabolis;Jl · {data .. n~t 
shown). · 

Additiorts to the incubation médium 

· Sorne actions of ·CI-IM ha,•e been· correlatcd · to 
hormones (3, 17, i 8). Thus, the cffect .of"CHrvi ori 
lipid metabc>lism repo1'tecl. i'n vivo ,va~ substantiaUy 
-decreascd by orchiectomy o:r adrcnalectomy (3). 

TAB_U: ! . i"nlh_,cncc i,í cyclnl1cximicli.- 011 lfü: inrorprmition of 
racho.~C!T\"C ghin!S~~ intci lipicls in ,c.picliclymaJ.·fat parls ·il)rt1bated 

wnh scrum froni control or cydohcxiiniclc-injcctc<!. rms 

Áddi1io11 co,11rol CHM 

µ,11nlr.,lg 1!f li/iill, 

Neme O.!JR ± 0.06" 1.91 ± o.·16° 
(8) (6) 

Serumh from 0.74 ±.0.08 . 1.20 ± 0.12 
.sa·linc-lrcated (~) (~) 
ani1mils 

Scrumh from 1.77±0.H) 2.65 ± él.07 
· CHM-1rca1cd t:l) .. (:1) 
animals 

. . . 

j·:HM/ 
Control . 

1.95 

1.62 

1.50 

¡, 

<0:001 

<0.~5 

<0.005 

. • Thc rcsnhs a·n· cxprcsscd a$ thc mean ± SEJ\I with thc numher 
oí ohscn·:11ions in.¡,an·ntht•st·s. · 

h Scrnm was .obtainerl from ·a blnorl samplé roflcc:tccl 2 hr- afli.•r 
the aclministratimi."of saline or' ryrloheximide _dis-sol\'ccl in salinc 
al a do~c of _t mg/kg oÍ" hody wciglu. Each. flask c:ontaining tht· 
lnrnba11011 1111xturc. rlcsi'rihccl in Matcrials ami Mcthoils w,1s sup· 
pleme111crl with-0:15 mi ol".scrum.-

. . 

TABU•: 2. 1':ffcü.~ ni" cydohcximiclt: 1111 IÍpnlysis allll.· 

free falty a.dd 1·ccslcrilira\ion ·.' . 
·.,• 

Ra\c ol" Upnlysis: . 
·Nl'I. Chang~ (GhTcrnl .lt1lt'. uf 

PnitÍm:1i1111) in FFA 1'..strl"ilinll irni 

µi110./elg u•rl· 11v•igl1t /J,l't/l!f 11 .. , !lll'i!fllt µ,:,¡ Fl',llg 
,,,,., u~·ixM 

. Control Hl4 ± 0.2U" 11.(ifi ± 0.98 ,\.ICi 
(7) (7) 

C:ydohl•ximirlc 6.f,5 ± ll.i!í 1:l.füi. ::!: 1.il" -li.2!1 
"(i) (7) 

'; < 0.05 .. I' < o.:r 

Beéá_use of_ this, scvcr;il i10rm,mes wcre rest.crl To,, 
their ahility tó m~gnify t.hc CH M éÍTci:·t. .. 

Epin~phrinc (l"lf µ.g/ml)i c;n·ti<·r"1sterrHfc~2 I ~accr.~11.e · 
·W l...: 1 tng/ml)" "and t~slostet"mic {O.O ( ... o: 1. nig/ml) 
addecl to the incubation mcclium clid- not aff cct t.f1c. 
response.to CHM. Howcvcr., in ·_lhc tJr~SGncc of n>r~ifol. 
(1 mg/ml) or insulin (1 mU/ml) thc_ effcc:t of Cl·Jl\f 
was not obscrved (resuits riot.shown): . · · . 

_Jn the prcsence ·or .scrum from saiinc-rreat.cÚ · 
anima Is; -thc com·crsion of. [1•1c].glm:osc·. inlo ltpil~ 
was cl~crc,is-s~d in thc .t~pidiclymal .f;1t pads inrilÍia(l'd. 
eithcr \vith or without (;HM.- Oppo~ite· reimlts. were 
observed when scrum· ftJllU rnts ti·catecl ·with: Ci·Il\f 
was usecl {Table l); Of fotcrest is thé respc;IISC ob­
tain~d in expcrime11t.s in which the . mcdimtl w;\s 
suppleméntedwith CHM an,dwhh scrum from Cl·I·M­
treate·d rat~. The J-iig~_er incorpnra.tion ohtaill"cd i;, 

· thesc pacls cannót be ·attrih\ttcd 10· an extra dost iil 
CH_M, since an ·optim.a~ d¿Jst··'Ívas-uscd {1ja.11el A. Fig. t). 
Additional vol11111es. of ·sern m prnducecl rcsults cju il.e 
similar to thosc rcport'!~ in "Table 1. (resufü; llOi 

shown). ·· 

Lipolysis and .reesterification-
Tbc action of_ CHM on li·J>olysis ami" 1·cl~Stcri.lira1iiii.t 

-,~as· invcstigatccr to dctcrnii11c fhc· mctabo!ic p::ilnvi,~· 

TABÚ~ 3 .. _Effccis oÚydohexil¡tid_c i11i glucose-mctaholisni 

Conlrnl CHM 

µ,1111/r.<lg 11y•/ wright 

Glumse 3:03 ±·0.31.'' .6.78 :!: !)Al 
uptake .. _(I 1) (12) 

(;lucosc -in- 0.0(17 ± O.OM 0.102 :!: 0.02'1 
mrpnr,1- (fi) (lil 
tion inlr·> 
glyt:ogcn 

C:02 .for- 1..0·1 :!: ll.11 1.82 ± 0.2·1 
mation (!í) . ((i) 

CHM/ 
C1\n-
1rol 

2.2;1 

i".!í2. 

r.75 

r 

<11.001 

<0.'.l 

.. ::ll.01-

---·--, 
• l\foan ± SEM. T!1e mnnbcr of nhserv;11in'11s is_.i.n p;1i·t·11tlic-~cs. 

Gnrrí11~Slíi11z, Pi,ifl, m1d Clutgo_);rt rf,, -;r.;1,;,rhl'z Effects of cyclohcximide 011-ai:lipose·tissue niefabolisrn . 95 



TABLE 4. Relati\"e distrilmrion ·or raclioactiv.e carbon from 
glucosc in cliffcrcnl frartions of lipi_d · 

extracts of _cp'i~lyclimal fat pads 

Adclitions 

'.'11011~ (4)'1 

:::HM (5) 

Nons.1ponifiablc. 
l.ipicls 

4.35.± 1.:w 
2.86 ± l.!:i3 

" Num.ber of cx.pcrimcnts. 
-~ Mclm ± SEi\1.. · 

Fauy Acicls 

% 

5.60 ± '1:05 
9.18 ± 3.32 

Glycetiidc-Glyccrol 

88.97 ± 2J-4 
R!l.6t:i ± 3·.36 

that was prc:fcr(;!ntiaUy stimulatcd _by .the anLibi~Jtic:_. 
CHM enhanced t.he net .prócluction of glycerol by 
.34.6% ancl that of FF A by ·I 7. l % (Table 2). l~he 
rate of reest.erification· was calcul-atecI·from the data 
of the table; Twite as fr1udi' FF! was este1·ified in 
p~1ds incubated with ·cHI\LSimjlar _resul.ts had _óeen 
previously oht~ined in vivo (3). · 

Effe~t- of CHM on. glucose metaboli~in. 

A general study of' ·· the jnfluence 9f CH.M on 
glucose mctabÓlism in thc epididymai far pads wa.s. 
carried out. Cl-:HvJ mainly stimulatecl hoth glucose 
uptake ancl glucose oxichilion (Table. 3). '!"he rhagt~i­
tucle .of stimulatiim was parallcl to thc mere.ase m 
the conversion ··of [14C)gl,uco~e itito li'pid-s .. (Fig, 1). 
A slight but stat.ist.icaJly irisignifican.t i1:icre~se in glu­
rnse incórporation into glycogcn wa~. also notcd .. 
. .Since the differcntial r~sponse iii gluc:~se metabo­

lism shÓwn .it:i-Table 3 ~ould have been chic to utiliza­
'tim~ of en~logenous· glycogcn or·_to ·thc release. of 
lact.ate into ihé incubation' mixture, both o.f ·these 
param'el.ers wcre examinéd. After 2 Ílr ofi.ncubation. 
the glytogen contcnt clccreased froill 2:J l ± 0:~2 
µmoles of glucose/g wet· wcight to 0.66 ±,.0.06 111 

eón trol pacls and· to l.OO ·± 0.11 when thc ¡mtibio:tic 
was acldecl to the medium (mean ± SEM of 4.6, and 

•·•.(;, 

L.1~léd 
.Glucrn,e 

rv•c1 · 

[6-'4C] 

TABLE 5. · 1mcc1 Hf.nrlcihcximid~ on C..:02 

li1ri11a'rion fr~m ghu;ose 

1')'1'11• 

vare 
·s mM 

+ 

+ 

Control CHM 

¡u111,/~ .• 1,: ,,.,., 1i1right. 

·O'. 7:\ ± 0.0Rq 1.41 ±(Ú6 
(6). (5), 

.0.80 ± 0.07 O.!Jli:!;-0.Ó(; 
{li) (li) 

0.52 ± 0.06 Ó.84 ± IUO 
(6) (6) 

0..21 ± 0:03 0.25 ± 0.03 
(5) (6) 

C,HM/ · 
Con· 
m,! 

l.!)3 

1.20 

1.62. 

1.19 

,, . 

<0.!)05 

<0;1 

<0,05 

<0.3 

"l\.lean ± SEM. Thc nuinbcr of obscn·i,ltions is in parcntheses, 
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6 dcterminations· respcctivcly'). Laé:t,~t.c an:umul;11ioi1 
i.n t)le medit~m · was · cquivaknt in thc =.,ibsciú:e or 
presence of CHM· (~onfrol 4.73 ± O:fi2 µ~nolcsl~ .,iiid 
CHl\l-trca1cd 4.-40 ± 0.54 µmoles/g: q1eai~ ·± SE;\f o!' 
6 determinat.ic>ns in ciic:h casé)·. . . 

Tab.le .4 s.hows data <>il lhc cffcct ol' CH M oi1 Tot.l· 

·version of. [14C)gluc·ose · to lipi<l 'in the epididj·mal 
fat. páds. Twicc as much radióaclivity ~v¡1s prcst·n~ .. )11 

_lipicl extracts fi·o1i1 tissucs trcütt·cl ,:vith CH.M, h111 thi· 
rclati.vc clistribtilion was 1i_ot alk<.:Jccl.. 

Iir otder to tlctcr111inc ,f. thc stimula1io.n or ~hirosc 
oxidation by CHM (Table 3) iticrcaseiJ. Krebs. ry<;(<: 
aclivity. or pentose ·phosphate cydc actfvity; c,q,~·ri­
mcilts with [1-1''.C]glucose' and wiih [(l- 14C]gluc:()SC 
wcre perforniecL In bo1h cases the stinJulatory acl-ion· 
¡>f CHM on hcxosc. oxidati~n was prcscnr.(Tablc ·o), 
The aclditiún of pvruvaté ·111askcd thc action ·o.l' 1·h(.' 
'ant.ibioti_é, suggcsti1~g_tÍ1a1 t.l~!~ stimularion of nxidation 
oc~ured vi,i t.hc J<.r~hs cyck'. · 

~nhibiJion ·of p~ot~i-n synthesis 

An attempt was madc ·to cm:rclate the f11hihitiiÍ\l 
óf prot.dn S);nthesis .. duc i.o CHM -\~ith its dTcc:t oii 
Jip·i·d ineU1bc,lism in epicliclyinal frrt pacls .. Othc·r· in~ 
hibitOl'S of protcin.synthcsis, s11ch as aci.im)myc:in~D 
and ·puromy~in, did 1iot·sharé_ wíth CHM the }1_bilily 
to Íi1creasé thc conversión of glucose into lipids of the 
fat pads (Fig. :2) .. Fur1he'rmore; 1>mvmycin dc<'rc:iscd 
this process j¡·¡ agrecm.Clll with 1.l}c rcporl o(.' Fai11 ( 1 !l) . 

J)ISCUSSION 

Our prcscnt results 1'cscmhk ·lhc: in ,·i\-q dTert o!: 
CHM tm cpicliclymal ra.t p:,cls: (:t): Tlrn .qüa)i1:11in·, 
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Fig. 2, Effecl .. of ~e,•cral inhil~itnrs iÍI' protcin. syn1 hcsi~ :°n .~lll' 
incorjXlralion of ['·1C:]gh1n,~c inlo lipir.ls _(opru Ji;u-s) .and [' 1C Jlr11c·1m· 

· into prore\ns (cr~iss harrheel li;)rs): ~)oses: pu.mn~1;i·in 10 .. , .. ;\J _ 
actinomycin•D 10-1 M, ami c:ydohl'Xll111<lc 3.55 :< 1 O 1\1 (_I µ,~/mi). 
Vertkal lin.cs n·prcscnl thc ~lanclarcl cnor ol ,il lc-asl h,·c· mclt,. 

· pcmlently hirnbatccl 11acls. · 



naturc of the response I<:) CHl\1 was sim.ilar in vivo ami 
in vitro in the Jollowing étspcrts:· á) most o(the label 
frq~n glucose·was in the glyccridc,....glycerol nioicty of 
thé li:pid extracts .. (Table 4): h) t:he actions on Jipolysis 
arid reesterificatfon- (Table 2)~ e) tJ.je time rcquir~d. to 
show a maxirnilm effect (Fig. 1, Panel. B ).; and ·d) t.he 
abscnce of correlation wilh an inhibition Ín pr(?tein 
·synth.csis (Fig-. 2): Nevertheless,· the ·quantitative 
stfrnúlation · in conversión of glué:osc · into lipids 
pro(luced by thé a1ítibiot.ic · \\'.élS increased· 10-fi)ld 
in vivo (3) and m1ly .2·-fold in vitro (Fig. 1 ). . 

Sorne. hiunorai factor· appéars · to be in volved in 
the effect of CHM on lipid metabólism in ;1d_ipos<.: 
tissue. A ·further ihcrease in t.he incorpor~ttion · of 
ghicose i11to lipids. was detected when serum 'from 
.CHl\1-Lreated a\1imals ":.as .added to the iucubation 
n1ixtt~re containing.the optima) dose. of tl~c ·ant.ibiotic 
(Table J) .. In addition, sorne actions ·of CHM havc 

. be,en shown to be hormone-me?_iated (J:7, l8). Thus 
füé I 0-fold increase i1i the incorpor~tion :Of glticose 
into -lipids of the_ epidi_dymal fat· p<\dS fron~ · mate 
rats fasled for 16-20 hr· was lower-in ürthiec;tomized 
anü11als (2-f())d); adremilecÚnAize.d _a11in'mls (3-fold), 
and in rhc paramctl'ial adipose tiss1:1e from: fenwlc 
rats (4;6-fold) (3). Thercfore the clifferences betwee11 
our· rcsults ancl · Lhosc of ·o~hei: authors who ha.ve. 
studie~I the ·e(Tcct of CH M 011 adipt>se .tissue unclet: 
cliffcrent cxperi111cnt·al ·conditioi1s are not st_trp~ising. 

Fain (2) ancl· Cald.well ·,md Fain. (20), in stuclies 
1vith isolatcd-fat cclls l"r~m1 s"t.11:ved fcm.alc rat:s,··ancl 
Goóclmim· (21 ), in _stticlics ,vit h ~piclidyméil .fot pacls 
from hypophysectomized, l"ecl male i·ats, reporü;ct· no 
change in Lhe·basal rates of glycerol and-FFA pi'oduc-
tion due to CHM. · 

The. ~:HM:inhifoition of lipid mctabol'ism ii1. rat.:· 
aqipose tissue reported by Jornain~Bau,n iltld i-Ianson 
(22). is ·not r.elated. LO tJTe present finding sincc 
.Lhese au thors úsecl _the _ a'ritibiotic . ~t a clúse_ IOOO 
times higher th,m: that employed_. in the pr~sent 
stucly. · 

The iÍ1c:rcasc i,; gh,1cose Úptake produtc.d by the 
in \'Ílro acldition é>f CH M to e1jiclicl_yrpa) .fat példs 
might CXJ>lain most of the ·other e"rfect~. 011 glue<>se 
~mcl · lipid metnbolism. in the pá~ls. The stimula~io11 
in glurn~c uptakc was · · mainl): i·eflccted i11 giuéosc · 
oxidation (Table 3) ,incl FF A recstedfication (Ta.ble 2). 
GI.ycogen· · synthcsis,. t.he · hex.ose m~mophosphatc 
·sl'túnt, ancl lüctate accumi1lat.ion in the 1ncclili111· wcre 
affectecl to a lesser exte;,t. · · · 

The results in Tabl-e· 5 suggest thaÍ: ther~ ·was an. 
increascd oxidation of thc entire hexose mol~culc, 
presum~bly v.ia the Ktebs tricarboxylic acid cycl~. 
Furtl1ermore, the ~1dclition. of pyrnvate,.· in order·to. 
clih1t.e. glucose m·etabolit~s entering the tricarboxylic 

acid cyde Ú5)., 'n~askccl thc s1in11ilato1·y au.ioti o.('. iiw 
antibiotic · (rahk [)). )°ill' sii11111laiion in · ~hH·ost· 
mddat:ion by CHM is "c-0~1sis1c11t ·wiih. the oh~rrn•d 
increase in fatiy acicl. rccst:crilicittion, sinÚ the iaúcr 
proéess . dep"ends 011 an energy stmi·cc (23) ;Úl(·¡ 
enhanceS.oxygen COliSllTllJ>I.ÍOll (~4): . 

The cst~r:ificalion of FFA <lcpcncls on · gÍiu:osc . 
conce11tt·atioh rn the mcdim'n (n) aml. considering 
t.hat the CH1".f ac1;io11- ~vas of>served at ali the ccin- · 
cenl.ralions · of glucose tesl:cd (Fig .. 1, pand. C), ii 
mig!'ft be assun)ed that the inp~ease .in r~esterHkútion 
pr<>ducécl b{ the antibiolic was· ,1 rnnscqúcncc o[ the 
cnha11c.:ed glucosc·uptakc. The 1>·;11.tern_ of clist.Í'jhntion · 
of !abe! bel\vee11 fatty acicis and. glyceri-dc-glyccn>I. 
was 1101. modHicd ,br CHM ('l'ahlt· ··1). ancl is ·furihi'Í: 
e~·ide,ire ·in fan~r o'f .an· inn·e·ast· . in ri:,\ 
recstcriíiration. Th~· ba~al ·. rat.~'.- of lip<)lysis '{i_;\l­

slightly stinrnlated hy ti-1]\1. (Table 2): "rhis ÍllC.l'CílSl' 

· probably is reJate<l · to lhe· accunmlation iH'_ ·cy~:lk 
AMP. reported in Ísolátecl. fat c;clls t1:eatcd with .. ihc 
antibiot:ic (25) .. · ExperimcnLs .are·. 1r1 progrt~ss . t.o 
elucida:te the n1:echanísm· of thcse cfTec:ts of' ci Í-:\f 
i11 adiposc tissuc.llJI .. 
Mm1usr.ri¡1i rec('.ilier/"21 Ma.l' 19i~mul (lár/1tM l4iir/1tn11/1r1.'1<J7(¡, 
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Ahstract-The ndditio~ in 1•itró.0Í cyclohcximidc (1 pg/ml) prc,duces an incrc:asc Ín·th~ inc.orrornfion 
. oí isoropic glucosc or facta:c intc:i total lipids of cpididymal fat pads ob.raincd f,rom kd riit's. Thi·s 
enh:mccmcnt in lhc incor¡wraiion of glucusc prQcccds via lhc glyccridc.,.glyccml m1,ictr. Tiic,syn_lhcsi~ 
offarry acids· is slighlly dccrcased by thc.antihioric which 11ffects ncirhcir. thc uplake of glucosc nor 
its oxidation. The nigulalion.of rhc csicrilication process in .adiposc tissue is discusscd. 

Aside from thc inhibitory érj'cct of ·cydohc·xin1ide 
(CHM) on protcin synthcsis.'intrapcritorical admin­
istratio'ñ l'Ó fastcd rrits produccd a 10-fofü inérc~se 
in th~ incorporation of [.l4C]glucosc·into thé' li11ids' 
of epididymal 'fat pads. mainly through an in'crcáse 
in cstcrification of free fatty·acids (FFA)[I]. By·· 

· conlrast', a. sma.11 incrcase, withoi.Jt statistical signi-
. ficancc, in· thc inéorporation of gluco·se ¡·n10 lipids. 
was found whcn lhc aniibiolic wás injcctcd inlo fcd · 
rats[JJ: lt was rationalizca that, in thc pads from 
fastccl ·ailimals. CHM ·lilight incr'easc·a mctabolic. 
proccss ll(!rmafly stimulatcd by food iniake. The 
·physiologic:a1 c.on!-c·qucnces .of fo,l,d intake play an 
important · rol.e· in thc .mctaholisQ1 of .. adiposc t.issu~ 
as .cvid~nccd by lower rnlcs. of glucose uptakc·l2] 
and FFA · cslcriffoation 13] obscrvcd' in fnsri.ng rats 

·comparcd to·fcd ones. Reccntly, we. rcportcd that 
CHM, addcd 111 ·ritro to epididymal fiil .. pads from 
fastcd ráts, focrnai..:.s 2-fold the 1.1pt0ke, oxidation 
and incorporation- óf .glucose into lipids., concomí~ 
tcntly with. an íncrcase in esterificat,ion of FFA [4f 
Since thcse ¡íaramet'crs are increased by fccding, we 
have sl'i1dicd whcthcr the· anribiotic, .added i11 ,,itro 
to epididymal fat··pads from fcd rats, eliciis furthcr 
st¡mulation,,.in an effort to. ducida·te the prime 
pathway affcctcd by CHM. · · 

MÁTERIAI.S ASD !\IETIIOl>S 

.Cyclohcximide, bovinc scrum alhumin 1.fracti~m 
V), ?.~d ·g!ycerokinase. were obtained f.rom Sigm:> .. 
Chc, .. ical Co. (St. Louis. ·Mm. b[U-14Ci,glucosc 
(200 111Ci/m-mole) and' L[U- 14C]:actic ,acid as the· 
sodium .si1lt (60 mCi/m-mole) were purchas~d 
from J11tcrnational Chcmical and Nuclear .C(ltp. 
(Clcvcland, OH). Hcxokinass:, · ·glucose. · 6-phos­
phat'c· dchydrogcnase, a·nd alpha-glyccrophospfiate 
d<ihydrogcnase werc oblained from Bochringer ·& 
Sochne (Mannhcim). · 

l'hc cxpérimcnts wcr.: performcd usirig male·. 
· Wistar rats wcighing hctwcen 120·ancU70 g. The 
anim:lls wcrc fcd.cu( /i/,. wirh Purina rat C·how: thcy 
wcre killcd br dccnpilation and thcn cxsanguinated. 
Thc _cpididym:l'I fat p:1ds were· removed_· rin~ .. ,f i·n 

0.85% Na.CI and ,~cubatcd· i:; a. Dubnoff.:mcl,!boÍfo 
shakcr ¡¡t 37ºfor 2 hr ina 2S-m! ~r.leilmcyci' stoppc,.ed 
flask. In mldition to tl1c.tissuc. caéh fla~k containcél 
3 .mi. of. ~rcbs-Ringcr bic.i1~b·ó11ülc hufT<;r adj1~:sic'd to 
pH 7 .. 3 and supplctncn1cd·wi1h· 150nii,i.of boviné 
seru¡n alhumin and 1 L I niM glt1cose. Sorne vari~ 
ability in thc .resultnvas óbscrv.cd \l.'hcn. diffcrci1l 
bcitchcs of albumin. werc 11scd. ·To avoid lhis pÍ'ob- . 
1cm, alhi1111in was systc1m.11ically puri!kd :1,ccoril• 
ing tó thc procedurc· of Chcn 15). Whc.ri i'adioactivb 
glucosc was uscd, it was ~'.fdcd to a fi.nal.c01Ke1Hra~ 
tion of 1 ¡,Ci/11.t ,,;~t1lcs. \\'hcrc indicalcd: ¡;l11cose • 
was subslihticd ·for lar.tale al á concéi111.ition 'óf 
1 mM, and 0:4 ¡,e;¡ 11~c¡iact:1ie was addeli to e.ici1 
flask. The incubation rncdium was.hcalcd·10 37º a,ici. 
gasscc( with 5% C0,,-95%: 0.2 hcfore ihe dóhor · 
animals \VCte killcd; the ·n:,sks wcrc íltishcd with. 
1!iasainc gas mixiurc bcforc. se,iling. ·Osu:il,ly OJ1e ot 
thc two pads·obraincd from ·each anin~I serv~~ á~ 
the, control wf;ile lh~ olher p,id was fo mediuin 

. whi~h conta:ined CHM at a dose of 1 ¡,g/mL 
Lipids were ·exrractcd· according to Folcli et ai. 

(6). In some e~pdmcnts the 1.ipids · frqtii the. ex-. 
tracls wcre ·saponificd· and .thc distrib1ition hcl.weeri 
gly\'.criclc-,glycerol and fatty acids of ··n\c!;,,1ac1Íve 

. c::irbon .from glucose or lnctále was sludicd by lhe 
mcthod o'f Koniackcr· ·ai1d Ball 17],. with n,inór. · 

. modificatións (1 J. Whcn. ii.rólysis anci csrcrific~l ion 
· wcre _ studicd, onc pad from cach' tal w'lS 11sl'd to 
determine thc inilial c~ntcn,trati0n of g!:, ccrC"l and 
F:f'A. Thc net chlmges in ,glyce:ol and FfA .are 
presenled; Free· fat-iy acids. wcre. dctcrmincd ac-· 
corcling lo Dolc and J\1cin'ertz 18) and glycerol was· 
dctermincd according to Wieland t9f. Gluc6se 
11pt.ake was mcasureq by the disappcnranre·of the 
hcxose from. t.hc· mccli11m a·ccordinl! lo tli·c mclhód 
of SJcin ¡'.10¡. · ·Oxidnlion ··óf.' [1~C]gh1cos~ ~lis 
htcasured .by. its conversión. Tí) 11CO~, using, the 
.nicthod · of Del Roca and Flatt [ 11 ]. Orhcr _cxpcri­
menfal dclails ha.v.e bccn .reportcd elsewhére [ 1, 4]. 

.. \ 

J \ 1 
!, 

lli 
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. Table l. EfTecis QÍ cyd~hcximiclc on ¡;lucpse.mcl:1holisrn• 
. . . . . 

Uplake 

Control 
·c,m1eks/g) 

9.42 :': 1.07 
(6) 

Cyclohcximide 
(¡1tnoles/g) 

11.,61':.!; 1.15 

- ·.·' 

p 

<Q.2 
(¡,nmlc~/g wct \\it) 

lncor¡,orntion intl, -lipids 
(¡11nolcs/g lipids} . · · 

Oxidation 

1.55 .!: 0;18 . 
(7) 

.(6) 
2.'32 ~ 0.18 
·. (7) 
J,09º'!-0J6 

. <0.02· 

(¡,r.nolcs/g lípids)· 
3.21 :t 0.39 · 

(5) (6) ---------,-~----...;._ _____ .....;.._~---- --. ·----
• Thc rcsults are· cxpresseél as lhc mean.:': S.E.M., ·wi1h tJ1r nun·1hcr oí olm:r~·atiori~ in 

parenthc!¡_e~. 

RESi. L TS A!\"ll IJISCt:S;ilON 

Thé. incorporation of (':'C)gl\.Jcose into. lip'ids· of 
cpidid>·nml fat pads froni fcd rats was found to be 
incrc.ascd 50 pc·r cent by cycl<,1heximide. The clrug: 
also produced a statisiically insigniíicant. incrcase rn 
the uptakc· of giucose without promoiing_ its oxida• 

• . tion (Table 1 ) •. To explore the 1:nctabolic pathway 
modiíicd by CHM. thc lipid extrncts ,vcrc fraction-· 

· ated :1nd it was .founl tbat ·ihe a_ntibiotic pn~(luccd 
a nmrked sl.1ift in· the distti.bu.tio·n of- thc labcl .fróm 
the fatty acid riloiety lo the~ glyccridc-g.lyccrol · 
moiety (Table 2), showing a pallcrn of d.islribulion 
simílar l'o lhii!I found in fastcd.animals [4J.. ay· com­
bining thc data from.Tables 1 ;111d 2 it is possihle to . 
calc.ulale the aniount of glucose incorpora.ted into · 
fatty acids or g!yécrid·c,...glyccrol. In control p.ads 
:::: O.SS ,,mole w~s iilcorporateél ir.iio fatty acids a_rid 
:::: 0.64 ¡,m.ole was channclcd toward.lhe-synthcsis of 
glycerophosphale. In pads '.incubaled with CHM, 
~ 0.59 ami :::: l'.66 µmoles glucosc/g of lipids wcre 
incorporatcd into" fally acids and glyceridc-glycerol. 

. . . . . 

respectivcly. Titci'éforc·, thc an(ihiolic !-li'n.Ji.1Ja1i;d 
the ·incorporal ion, o(ghícosc ir1to lipids by-~ 0,77 
¡,molc/g Qf lipids· lhrougli ·thc · ~ynil1esi_s . of lile 
_glyccridc-glycernl móicl'y of ihc· neutral t,¡ts (-LO+ 
¡imolcs/g oí lipidsl and dccréascd its incoi·porniiob 
into the fatty· acids (0.26 ,,molc/g of lipidsl. fhe 
action of CHM cm the cs1criíica1.ion of FFA. re-. 
portccl in Talrle 3, is a'c6.nscq11cncc ~f.the ¡irc\'io~·$ 
findi11gs. Th~ :mlibio.lic .stimi1Ial'cd ihis pat-11,niy 4i 
pcr cc·,.11: lhis i,; q11imtilal_ivcl}1 idcnlic.il to ,fü; c.11~1~·. 
mcdia1ed stimulation in ·1hc · ·J1m1rpó:t,Hioi1 oí 
i •~c]glucosc into lipids.°('íahlc 1 ). Thc ·.dccrca,;c i11 
l~C incÓrporation OÍ glUCCl'iC ÍntO fally aciéfs is i;f 
agrcement with the papcr by f\kNamara fl,al. (121, 
V:·h0 rc¡,oricd rhat CHM c:itises a clra1úa1ic dctrc.ase 
in thc convcrsion of i!".olopic acctale io fati}' .acid'i; 
iri' ral livcr Iiomc;gcnarcs. . . . . 

Thc in,rcasc in gliico·.,.e uplákc ·produccd ·by.thc 
addil.ion i:¡ \'i-1/'flof CH~1 toepiclidj,m.il fa~ pads frotn 

. Íllslcd rat.s [4] secmc,d to éxplain most' of ils adioris 
Qn ·gh1cof,e ,ii1d lipid mctaboli,;m. In j,ads ·obp,hi~'cl 
from fcd rats," the slight ~tim~ilatiorí .of ihé i¡j~ia.ke 

Table 2. Relative distribution·.of radio:ictive carbon 'frdm glucose in difi'crct1t frac.tio,_;~ oí Íipicf 
· · ~xlraClS· ~f cpididynml fai pads' . ·. . 

Fraction 

Non-li:iponifiable Íipids. 

· . ~atty 1icids 

Glycctid~-glycerol · 

Co1itrol 
(%)· 

'3.53 ± 0 . .5.5 
(4) 

.55.1'3 ±3,70 
. . (4) 

· 41.08 ::!: 3.77 
º<4) 

Cyclohr-:imide 
(%) p 

J,04±0.IJ. . <(!~ 
. (4) ::--,-

25.53 ::!: 1.12 
(4) 

71.43 :!: 1.73 
(4) 

<0.00[ · 

·<0.001 

• Spedfications·arc as in Tal:ile l. r•cr-cc111= vali1es are givm on thc J,asis of l_hc rs•sulls í>rcscn::d 
'in Table 1, i.e. 1 . .55 ¡,moles glucosc/g incorpmalcd_ into lipids for the contrcils, ancl 2.3~ ·,,n1tilc~/ll 
for the cxrerir:nents witb c-ycloheximit!e. · 

·Table "3. ·EfTects oí ~yclohc;x'in1ide .on lipolysis and f re.e fatty acid cst.erifü·:ition• 

-------
Net change Control (;yclóhe xi mide p 

G!ycerol (¡iinoles/g} 4.16 :!:0.63. 5 . .49 !. 0:61 <. 0:2 
(5) (5) 

FFA (µEq/g) 0.58 :t 0.16 -1.00 :t 0.26 <0.00.I 
(5). (5) 

Rate oí cstcrification 
(¡,Eq/g) . . 

11.90 º 17.47 



Estc~ifical inr) proccss ·and cyciohcxim_ide 
··... .· ,• ~ ¡ . .• ..,. 

·3'. 

Table 4. EITcct of c:;yclohcxiniide on isoropic ·1actate in¿~r¡ioniticin . Í(llO lipids and. rc.Jative 
' . ! di~Lributi.on oí the,label• · 

Co.ntrol Cyrloli~~in1ide p _ 
. •. . .' . 

Iiic~rporntion info lipid.s: 
·ccrrn/mg of lipids) 

45.27 ± 3.26 65.77 ± 7,05 < 0.05. 
(4) . (4} 

!-
Distrihurion 

Non-saponiíiahlc lipids 
(per cent) 

3.73 :!:: 1.38 2.35 ±Ó,61 <0.4 .. 

<0.02 

<0:05. 

Farty_ acids 

Glyccride-¡:lycerol 

(4) 
40.10 :t J.54 

(4) 
56.18·.:!: 4.59 

(4) . 

(4) . 

2s'.79±2.06 
. (4) 

71.86 ± 1.93 
(4) 

-------~-~~--------·------.-. ---.-.-.-----·-. 
!' Spccificarions are as in Tabie l. Pcr cent value·s· :1re given on the basis of lhe incoq,or:1tion 

of lactat~ inro lipids prc,scnred· in ihe firsl liiTC of rhe_ table_. · 

of glucose appcars to he more a consequence of 
·satisfying the démands of metabolitcs to ·increase 
the productión e{ slycerophos·phate _ tha~. _á direct 
action of .the a·ntibiotic on the uptake of the hexose·. 
<;HM enhanced the uptake of glucose 2_3 per ce_nt 
(Tahlc 1) and although. this increase is more lhan 
enough to ·accou;1t felr the 50 per cent s1i111ul:ition 
of the incorpori\tion of glué::ose inlo lipids (Table 1-); 
.this mi1st take place spc<!ifically via glY.tcrÓphos­
phaie (Table 2)1o subsequcntly raise the esterifica-
tion of FF A (Table 3).. · 

The results of Table 4 give sÚppori to.this poi.nt. 
The antibiotic increased thc incoi·p.oration of lactate 

. into Íipids, añd the distribution of the .label showc_d 
a shift .10: the glyceride-glycerol ·moic;ty . .Further­
móre, the ma:gnitude of the s_timulation (45 per cent) 
was quite similar fo. that óbsc,:ved with glui:ose 
(Table 1). The enhancement produced by CHM in 
the incorporation of glucose or lact111e into lipids i's 

. oí special signifitance · since tJlcse mctabolites are· 
incorpoi-ated ínto !-ipids ·either -t:1rough glycero­
genesis _(Tabl_es · 1 and _2) or gly(:efoneoge_nesis 
(Table 4) in order · ~o s-atisfy ·the demands of th_&. 
e·sterificalion ,proé'ess. Th'ese tcsults indicate that 
thc prime action of CHM.should be localizcd on ihe · 
csterification -path,Vay. 

The CHM-mediated increase in glucose uptake 
-and o:Xidation · obscrved in tis:mes ·from- fasted 
animals (4) might be ¿¡ c_onsequcnce of ·the sti,m,la­
tion of the esterification process by the antibiotic. 
The lack'of efTect on t.hcse parame1ers-ii:i tissue fron:i .. 
fed·rats (l':ible_J) m·ay be dueto 1he fact'thai ff:ey 
are alrcády stimulated by the food inlake, nnd prob­
ably Íly the siÍmc mechllf!ÍSITl ~hat is a resúll OÍ tht: 
antibiotic action in tissues from fas~ed animals, ~o 

thl!,I no additi~e actiµn is.·observcd(The rcis,.-lts of 
this pap.er focus on lhe imporlance of the e·sterifica•·: 

,tion proc~ss · as a' point of regulation of ¿¡di¡iose-
tissue metabolism. · · · .. 
Árkooll'lédgeml'llt-The aui°h.ors wish to lhank· br. 

·· Antonio Peña' for thc ·c:,rcful rcvi~ion of rhe- inanu~éript. . . . . ~ . . 
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INTRODUCTION. 

The importa_nce ot adipose tiss.ue in the metabolis.rri and.. 

homeostasis of mammals is well established: i ½' -is second ·ohly · 

to the liver ·in the mainténance of fuel levels·Jn the blood. . . . 

The móst important func.tion of the adipocyte is to ~~rv.e as a 

metabolica_lly active depot Óf li_ptds ~hich is ·~ndergo¡ng a. 

continuous turnover. 'In fat ce)..l~· the .hyd:i;-:olysis of 
. \ 

t;riacylglycerOls is hotmo~ally controlie·d by the cyclic AMP...; 

dependent activation of hormone sensi ti-ve lipase ·( 1) ~ The 

. . . 
free fat.ty acids (FFA) prdduce'd ·_through· lipolysi_s may be 

. . . . . . 

released non-co.yalently bound to·plasma.alb~min :or te-este±;ifi~.d 

wi thin ·the adipocyte .w_i th .alpha-glyéerol-3~phosphate ( a<;;P) and 

tpen resy.nthesize· triacylglycerols. Therefore, the· net releaie 

of . free fatty ac:i,.ds from adipo~e tissue ·is· the · resul t ·o·f · a 
. ) . 

halan ce between :J,.ipolysis·. arid ·~e-ester~fication. éonsiderab1_e, 

in-formation 'about the regulation o-f lipo~ysis in- ~l~ís tiss.ue :isr 

availabie ( 2, 3) • 
. . . 

On the contr·ary, knowledge o.t:. the reg~~ation 

of the esterification process re'máins fragmentary- and incomple.te 

(-4-6) • 

Cyclohex:j.mide (CHM), aside from and unrelated to its ·weli 

·known.property of inhibiting protein synthesis, _produces a 

marked increase in the. esterificátion of free ·fatty acids both 

in vivo· (7) and in vitro (8,-9). Fur.thermore, this. éffect of 

the an·tibiotic is strongly" influep.ced _by .the nutritional 



candi tion of the anim_als,. be~n·g .much .more cle·a_rly ob9ervab,le i_.n 

fasted rats (7-9). This_ point suggests that· CI-IM may _affect thé 

esterification ,proce$s ii:i a way simil_ar· to ·that pr:oduced 

physiologica~ly~ 

. Once the Illain áction of _CHM · was localized · in· the· esteri ficati6n 

prqcess · (9), our ip.te,rest· focused on ·studying.· the metabolic step"(' s) 
. . . . . ··, . 

affected by the· ·anti_b~otié. ·-T:he ~itri of· the pre:~en'.t pap~r is·- to 

present·the ,localization of the action of CHM:a:t the enzymele\Tél 

which may giv:e sorne insight into the regulation of t.p.is 1,mpor"tant 

pathway . in adipos_e ·tissue. metapolism. 

MATERIAL AND METHODS 

Cycloheximide, ·bovine · serurri albumín (Fraction V) lactic 

dehydrs>genase,·· glycerophosphate dehydrogenase and lipid standards 

\4?ere ob~~in_ed from the Sigma chemica,1 Company (St,. Lou1s, . .Mo.). 

D- u-14c glucose (.200 mc.i/m~ole') was purchased from the 

Internation<:ll Chernical and Nuclear Corporation- .(Cleveiand~ O.). 

Coenzymes were o'J:;)tained from Boehringer un~ Soehne .(Mannh~im) ; 

All the othe.r chemicafs úsed were of the best. -quali ty availablé. 

The · e-xpe.:i;-íments · wer~·- performed usirig male ··wistar -r-ats weighing 

hetween 120 and 170 · g. which bad · fasted- for 16-20 'bou:r~. The · atdmals 

were killed by deca.pi -i:ation ·and e_x_sanguináted·. The eptdidyn1al fat 

pad~ were removed .. rirtse_d. in· o. 85% Na.el ~nd incubated in 25-ml 

stoppered. Erlentneyer :fl°asks in a Dul:moff metabolic shaker qt 371:íq 

for_2 hours •. In addition.t6 the' tissu'e, eacb flask contained 3 ml 



·of Krebs-·Ring.er bicarbonate buffer adjusted · to pH 7. 3 and 

suplemente~ with 150 mg .of bovine' serum· ~lbumj,n J>tirified 

according to chen .·(10) and 11.1 inM glucqse~ When .radioactive 

glucose was used it .was adjusted ·to. ·a final. speciffc .q.ctivi ty 

of lyci/11.ljimoles. The incubation mediutn was heai;:ed to 37ºC . • J . . 

and gassed with 5% c02 -. 95% o2_ before the qo~or animals· w~re' 

killed and the flq.sks were f~u$h_ed_ with tbe same gas .. mixture 

before sealing. ·Usua11y one of the twó pads- obtained from e/ad{ 

animal served as control,.,. whi1e the· contra¡·ateral tissue· wás 

incubated in a· medium which contáined. CHM at a coricentr·ation of 

1 yg/ml. 

', 

Lipids frorn the tissue we:r:e .extr·acted acco~dí'ng· t.ó F_olch, 

Lees and Sldane_ Stanley -('11). The separation of ·triacylglycercis 

diacylglycerols., and phospholipids was. achived · by 'th:i,.n-layer· 

. chroni'atography using silica gel.(; plates ~i th .a sqlvent systemt · . . . .. 
' l 

containing p~troleurn ethe.t (b.~p. 30-60°·c) -dietl:iyl ether-g-lacial 

acetic acid (80: 20: l_, v/v/v).. The fráctions were vi~ualizGd by 

iodine vapqúrs and were.identifiecl.. aécording tó refere11ce 

standards. The separated lipid cla:sses were scrá.ped into cou,nting 

vials and 10 rnl of -a toLuene soiution of 2, 5-p-phenylehe-bis- ( 5 

·phenylox-azole) were· added to e.ach v.iaL Th~ _raélioactivi ty · was 

c;ounted wi th: a Packard liquid scintillatio-n spectromet_er. Free. 

fat~y acids were quanti.fied by t11-e· rnethod of· ·oole and MÉÚnert2i 

( 12) ¡ lacta·te, pyruvate, aGP and dihydroxyace·tone phospha.te (OHAP-) 



. 1 . 

were determined e_nzymaticaily acéording to ~he meth9d9 of ·Wieland 

·( 13) , . BQcher et al. _(.14:) , Hohorst ( 15) and Bucher and -Hohors.t. 

(16), respectively. Acyl-CoA was qu?tntified.b.y·t~e method of 

Garland ( 17) • Enz.ymE! activi ties were assayed in a defatte.d ·. 

hOTI'\Ogenate prepared .as follows :. . After· incubatio'n, th.e epidyd:Í.rrtál 

_fat pa·~s were _rinsed ·iri_._0.85% NaCl and homogenized in a medium·. 

containing O. 24 M ·sucrose,. 1 mM _EDTA and 10· mM. Tris/acl, pH. 7 ~ 4 .. 

The -homogenate was centrifuged -at 700. x g for 'io mtn a·t. 0-4°c·, 

the fat. ·cake was 'discara~d.andº th_e· internatant sb::aw-co_lored 

aqueous liquid was us~d .a_s the enzyme s<:>urce ~ L,actic dehyd_:rqgenase 

was assayed according to the method o~ Kornperg· (1.8) , . . . . 

glyceroph.osphate. dehydroge_n.ase. following Beisenherz. et al. (.19) ·' 

acyl-CoA synthetase using that of Pande and Mead .. { 20) .ánd aGP-
' 

acyl t_ransferase according to Schlossm.an a.nd Bell { 21).·~ J?róte{n 

was de~.ermined acc:ording to the inethod of i.owry. :et ái. using . 

bovin~ se.:i:"um ··c11bumin as 'the standard (22)'°. cy'toplasmic NAo+ /NADH 

rati6s were calculated·as in.Saggersori and Greenl>aum, (23) 

assuming the apparen~ équilibril,lm co1~stants for lactate 

dehydrogenase and ·aGP de}:lydrogená.s~ rep6rted by Williamson. e1=_ ai .. 

(24) and .Hohé?rst et al. {25). ·$tatist~cal compad ... sons of groups 

of datá" were .perform~d ·.by the s~udent' s t test~ 

RESULTS .AND DISCUSSI-ON . . . 

Cyclohex-imic;3e .inéreased by 2:--fold the Jncorporation of 

iadioa~tive 9lucose into lipids (~able I) as previousli repor~ód 



(8). ·Ho~~ver,. the distributiq.n ·Of the lab.el_percenta9_ewise) 

.among phosph,olipids, <;liacyl.glycerols and· triacylglycerois 

(Table. I) was riot modified by the antibiotic. .Jn· pther wo,rc;l"s, 

the amount of radioactivity present in phospholipi'~s .and. 

acyl_gly.cerols: was also inc-re.ased by ·2-fold. 

Glyc~.rol-3,-phosphate arid ~ong· chain· fatty acyl-.CóA are the 

· recognized precurs.o:i:s¡ of acy.lg~ycerols and tne s~gge·s_tio_n h?s 

.b~en mc>._de by sev'e:r:ai, al,lthors t,h'at the- concehtratio.n of e-i ther 

or·botli of these substrat,es may be· crit'ical in deter.minin,g the 
. . . . 

rate· of triacylglycerol s:ynthesis (·2-6). In addition·;.· .{t has 

also been sugg~-sted that: the ~ctivi ty of Acyl"'-CoA. synthetasé 

serves to promete the capt\].re . .of fatty ac~ds a.$_ CoA derlvat.ives· 

and the_reby ,prometes t.he ·sy?thesis o:f tríacylglycerols ( 27) • 

Therefore, the concentrations of Acyl-CoA ·and .aGP and the-ir 

precursors. FFA and_-DHAP were qetermined .. 

Cycloheximide prod_uc·ed .a signif-icant decrea.se in aGP ánd. 

a .sli_ght·. in-cre·ase in DHA,J?. '.l'he decirease in áGP. may _;re.flcct ·an 

enhanced ut,i'lization ~.f 'this. met_aboli te by· the esterification 

pro~ess wh_ich was str:ong\y eviden·t in the. cyt~p~asmi:c redox 

staté (Table II)·. 

Ánother ~ytop.iasmic rédox c'ouple was stud.ied:. lactate an·d 

pyruvate •.. The antibiotic decreased the conterit o.f lactate and 

insig.n_ificantly increased pyruvate- (Table ·II). 'fhere·fore, the 

modifica;l:ion ·of the redox state was confirmed with thís redox 



) 

couple (Table II). .Neither tlie- amorint of free ;Eatty ·acíd:s. 

wi thin the cell .nor the net content of acyl-CoA were .. 

significantly a~fect.~d by the ántibiotic. ·(Tahle ·r_II) • 

The use of cha_11<3:e iri flux and ste:ady~st~te levels of 

inte.rmediates to identify positi"ons of !egulation or _inhibitioli 

was first discussed in .detail 'by ·chance et ai.. (28). Fr,on\ Jhen 

on the con_cept of .the crossover theorem has b.ee.n- -~pplied in·· .the 

identification o:É régulatory ste.ps (29) • ·using the data o:c 

. •. ' . •. j 

Tables. I, II and III, a crossmr,e~ plot was const~uc:!:éd_ arid is 

presente.d in- Fig~_ l.. Ih · .this fig1,J.re, i_t may be. Ob$e:rved· that . . . 

th·e· amou·nt of· phospholipids :_(pho·sI?h~tidic a<=::Ld .and 4e-rivatives) 

an<i acyl~lycero~s are _nearly 2-fold i-ncreased wherec1·s tpe amounl 

of aGP. is decrea·sed. It has been suggested" ·thél.t the affected 

step or regulatory, step may be fóund at- the level wh.ere. the 

l • 

substrate.of the·reaction changes.in-di-rection opposite t_o th~-lt 

of ··the flux ( 29) • Thu·s, the activ* ty of g.lyc_erpl-3-phospha~.-e 

acyl trans:f:erase. in" defatted h9mogena:tes -.of t~·e control and t±-eat.ed. 

tissues was assáyed. No modific·ation- of i t.s · activity was. detected . . 

(Table IV)" even .by the d~-rect addition of CHM ,-to_ ·:thé assay medium 

( data not shown) . The .activi ty of tiokinase was also unaff~cted 

by· the aQtibiotic (Table IV). In an e.ffort to explain the effect 

on the redox .state, · the actívi ty of la-ctic dehyd_rogenase and a_GP 

dehydrogenase were also assayed but .no significant rnodifica:-tiori 

of .their .. activities, was detected (data not .shown). 



Wi thin the limi tation·s discussed in re·gard t;o. the .. crossóver 

theorem. ( 29) ,and in sp_i"te of the la,ck. of .stimulátion o.f aGP 

acyltransferase activity· (T~ble IV), our re~ults st"rongly sügcie§t 

th_at this is the ·step affected ·(Fig •. 1). The failure· tb det~ct 

_an:~( ~ctivatié:>n m·ay be relate"d to· the dfl.ution .of · sorne liga,1í-d 

inestabili ty of · the énzyme or everi to the c9nditione¡ -o·f the assa.y. 

Bremer ·et al. ·( 30) pave shown that these_ .enzym~s' _:i:::egulate thé 
.. : . . . 

esterific:atio,n, process in the live·r and that -theii-. activities v,:iry 

depeno.ing· orr. the nutri tional conµít.ions óf. the · animals ~ These 
. . . . ~ . 

authors. and-_c;:,thers (30, 31) .. have not been áble. to petec:t thls. 

regulatory property of this enz:yme -in adipose tissue.-· Howevé:t, a·, 
.• , : t 

slight ·stimulation. by insulin of fat ce~l acyltransferase. act-ivi ty 

has·been r~p6rted (32). 

Ciur results are in ·agreement wi tn the wó:rk qf D-enton a·na. 

.Halperin (33) and Sagg~rson and -Greenbaum ("23) i.n _co.ncludili_g th~t 

the rate o~ tr~acylg·lycerol-' synthesi_s a~n not_ be ·c<?rrela:t~d wi th 

t}:le conce"nfration of eithe_:r aGP or fatty · acyl-CoA. ~u-rthernióre1 

the decreases. in. aGP and._Aayl-CoA· suggest tha:t. they are ·bei_ng acti: 

used -for e·sterification a.n~ that thei~ net conc~ntration.s do ribt 

•. 

play a regula.tory role (TablE;!'.s II, and III and.Fig. 1). 

The .r~sul t_s herein are also in a,greément wi th the. suggestion 

.that a near equilibr;i.um. between lacta te dehy.drogenase··a,nd aGP · 

dehydrogenase_ exist.s in the. cytoplasm o~ the adip,ocyte "( 23) ánd 

that th,erefore. the coi:ice.ritration -of aGP app~ars to de"¡;,~nd .on- the 



cytoplasmic· NAD/N~DH ratio in adipose tissue. º(-23) as it is .\-.iell 

stablished· in .th_e ~iver cell º(j4). 

Sin~e tli.e ·antibiótic.. did not incre_asé· ·the. aptivity -of· the· 

·aGP a.cyltra·nsferases when added to. the assay ·:rnedium,. ·the 

po·ss:ibili:t:y· óf a: díre·ct -action .o·f CHM on:it may be diiicarded. 

. . 
The. r:esults also sug~e_st . tl?-at t:tie re.sponse· may be secona·ary _to 

another ac·tion prom'?ted ·by the ·. antibioti.c. Tht~ _poi"nt is fú!ther 
•. . 

supported by the _slow Onset o~ the ef:fect of CH_M both :in vivo 

(7) and· 1n vitro·. (8). 
. . . . . 

rt has peen p.reviously showri tha:t cyclo}:l_eximi_de increásed 

.the release of pyruvate .in Neurospora_. (35) .• in addition, a 

report that CJ:IM inhibi ts .a-icoh61, dehydrogen·ase and lactic 

dehydrogenase has been published ( 3·6) ·• However; we wete unab ie 

to detect any .inhibit:ion in homogenates; . ih ag·reement. ·.wi th_ othér·· 

authors ( 37) • N~ver_thei~ss the possibil.ity of an i_nhibi tion -of 

NAD-depend~nt· dehydrogenase_s can not be :comple_tely ruled· otit. · 

.I;n. smrimary, CHM increases tbe · incorporat_ion of glucosa ir:i.tb . 

phosph"olipids · and acylglycerols .and d_e.creases ·the amount of aGP; 
. . . . . . ' 

suggesting that i t ~ffect·s the ·gl.yce.rqphosphate .a-cylation p.toces~. 

(Table I ~ Table II and ;Fig· •. 1)° •. Since this effect ·of the · 

antibiotic va-ríes depending upoh the f~e-di.ng condi tioris of the 

aºnim.als ( 7-9) , the results also indica.te that this' may be· the 

regtÍlatory step :tri th~ biosynthesis of. triacylglycerols .in 

adipose tissue. 



Summary 

'rhe. in vi tio add.j:t:i,on of c;:ycloheximide ·( 1 )lg/ft!l_) .produced 

a 2-fold increase in_ ,t.he incqrporation of isotopíc glu~os.e ihto 

phospholipid:3 ·ano ·acylglyc·erols o~ epidydimal _·fat ,pa~s :_obta1n:ea· 

from· fasted rats. ·In· addi tion·, wh.ile the ant;i.bio:tic -dirnini~hed 

the concentration .·of ·glycerophosphqte rnodifying· ·the cytop.lásmic 

redox state, it affe.cted _neith~r the _levei o~- free fatty ~cids 
. . . 

nor of _fatty ,acyl~~oA withi.n the· ad.ip~cytes. Th~:. res~lts .sucjgést 

th.at the acylation ~f g}ycerophosp}1ate is. the metabo~ic 'step 

affected by cyclohexirnide. Tlle irnpli°cations. of ·this fi.ndt11g in 

· the physiblogical reg~lation of the esterifi~at_ipn · pr?ce.ss iri 

adipose tissue are discussed. 



TABLE- I· 

EFFECT OF CYCLOHE){IMIDE ON THE INCOEPORATION OF 14.C-GLUCO_SE.: IN'l'O 

-DIFFERENT LIPID FRACTIONS 

--------------"-------......_--'-----'------"----,--'------- ·---· 

Sp~cific Activity 
( cpm/mg lipids) 

Phospholipids 

Diacylgly.cerols 

Triacylglycerqls 

175~73-+ 20.05 .. -
.( 6) 

, % Dist~ibutio~ bf 
radioactivity: 

21. 71 · ±. 4 •· 24 
(6) 

·2 3 • 1 O + 5 • 81 
. :(6) 

52.88 + 9.44 
( 6}"· 

CHM P. 

379·_-40 +· 15.02: <0:~001 
(6) 

2-_0. 64. + 5. 32 ·<O.-~. 
(6) 

. -r . 

22.94 + 4~48 :<b.9 .. -
{6) 

53.02 + 10.57 
·.( 6 )·· 

{0.9 

The r.esults are .expre·ssed· as the ·mean + the standat·d. er~~r·i of· th.e·· ·-:-­

m~an wi th_ the num)::>e_r· · o.f ~bserva~io.n~ · in·· parenlhesis. 



TABLE II 

EFFECT OF CYCLOHEXIMIDE ON THE CYTOPLASMIC REDOX STATE 

Control CHM p 

aGP 175.30 + 19.66 114.04 .+. 8.13 .10.0f·. 
.\ . ' 

( ninol/g) (11) (9) 

DHAP 24.39 + 2. 35. 32 .. 80 + 5. 20 (O: 2 
(nmol/g) ,( 11) ( 11) 

aGP/DHAP 7.19 3 . .48 

NAD+/NADI:l 1562.72 3.228. 72 

lactate 3.24 + 0.21 2.25 + 0 .. 18 (o. 001 
. -- -,-

(pmol/g) (12) (12.) 

pyruvate 0.37 + 0.04 O .51 + O .07 (0.10 
(ymol/g) (12) ( 12) 

lacta1:=,e/pyruvate 8.76 4.41 

NAD+/NADH. 1028.43 '·2042.86 

-····--· 

Indications as in Table I 



T~B.LE III 

EFF°ECT.OF C.YCLOH];:XI~DE ON THE A-.MOUNT· OF FREE-FA'r'l'Y ACIDS ·AND· 

LONG CHAIN ACYL~coA WITHIN THE ~AT PADS. 

Control .CHM 
·. p 

.FFA .4.94 + o ._5·o: 4.58·+· 0.69 ·< o. 7· 
{7l 

" -·· . 

(pEq/g) P) 

Acyl-CoA 6.61 + :i·. 05 4. 30 + 0~63 < O .1 
·( r.imol/g) (5) (5) 

Indications as in ~~ble I 



TABLE rv:. 

EFFECT OF CYCLOHEXIMIDE aria '11HE ACTIVI.TY OF .ACYL.-CoA SYN'rHETASE ;,N_D 
. . . . 

GLYCEROL-3~PH0SPHA'rE ACYL-TRANSFERASE· 

co·ntrol Ci-IM· p 

Acyl-:CoA synthetase. 

Glycerol...:..3-phosphate 
~cyl~transferase 

!ndications as in '¡'able I 

n mo·1 /rnin /mg- prote~.r.i . 

9. 41 + ó·. 97 ·.- . 
(6) 

0.94 + 0.11 - .. 
( 6) 

;to .. 43 .+ ·o .• 1.0 
(6) 

·º _-9 7 +. O •. Q 9 
(E?) 

~-· _...:, ___ _ 



Fig. 1 

.. 
<;:rossover plot ·of the effect·.of. cye:lohexJmid_e. on. the. 

esterification- process. Values .··are tak_en froJn ·.Tabl~s· T, Il 

a-nd· ·r¡r and the resul t-s :are -expres_sed as pe.r· ·cent; é:>:f the 

contro,l value. Vertical·.ba:i;-s re_present t;.he· stan.dard error· of 

the mean. DHAP·,. dihydroxyaqetone phospha~e_r aGP ,. alpha:-. 

glycerophosphatei :J?L·; phospholipids;. DG, diacylglycerpls¡ TG, 

t:riacylglycerols;. FFA, free fatty acids¡ ACoA, long chain 

acyl-CóA. 
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