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RESUMEN
La  taurina acide Z~aminc etansulfdnice, s un componente
universal de 1os t=iidos animales, Jue Z ENCUSNTI &
particularmente concentrado en aguellos con propiedades de
"““1tab111dnd y auya participacidén en la fisiologia celular aun

on o precision. A partir de la descripcion

isminucidén de los niveles de taurina en 1la
retina, provoca la desestabilizacidén vy muerte celular de los
fotorreceptores, el efecto ha sido reproducido en varias especies
aunque noe se le ha caracterizado ni comprendido en su totalidad.
Ctros  tejidos gue expresan alteraciones durante una deficiencia

an gdtu$ dc QUw una di

en taurina incluyen el cerebro en donde algunos procesos de su
maduracidén =2 vean afectados. Adumas, en gatos se ha observado un
desarrolle ontogenetico anormal generalizado cuando 1

deficiencia -,urr in utero. Mo obstante, las consecuencias de
tal condicion no han sido exploradas en  la mavoria de los
tejidos, a pesar de que algunoes de ellos, como €l tejido muscular

incluyendo €l cardiaco, contienen grandes pozas del amincacido.

En el presente trabaijo, sz  imnplementaron dos nodelos
animales de deficiencia en taurina: el gato, sometido a una dieta
libre del aminoécido, vy la rata tratada con el snalcgo de la
taurina, guanidinoetanoe sulfonato. En el primer modele, se
avanzé en la caracterizacldodn del proceso degener*tiVH en la
reetina, en donde se alcanzaron las sigulentes conclusioneg: a) La
desestabllizacidn de los fotorreceptares (FR) es independiente de
los procesos de fotoactivacidn y fototransduccidn, ya que la
alteracidén se expresa aun en ausencia de estimulacidédn luminosa
Lo anterior fue comprobado también en el  segundo modelo
estudiado, éen donde se establecid una correlaclién directa entre
el gradoe de desgaste de la poza retinal de taurina vy  1la
intensidad de la alteracién funciconal de ese organo. b)) El
colesterol vy la Vit-E no coadyuvan & la expresidén de la
degeneracioén retineana., a pesar de gue la absorcion intestinal de
dichos compuestos podria estar muy disminuida. Se considera que
eh el caso del primer elemento, ocurre un balance homeostético a
traven de la sintesis de novo del lipido. c) Otros compusstos con
propiedades estabilizantes no previenen la desorganiczacién de losg
FR, Indicande la alta especificidad del regurimiento de estas
cé&lulas por la taurina, ademas de senalar que el mecanismo
operante en la accion estabilizadora de la taurina es distinto en
cada casa con el de los compuestos probados.

For otra parte, en un sistema alslade de segmentos externcs
de fotorreceptorss, se caracterind =1 =fecto ostabilizante de la
taurina sobre estas estructuras cuando son elturad@s por urna
exposicién prolongada a luz ¢ a un medic libre de cationes

divalentes. En estos estudios se revisaron tante la especificidad
del amlnn"ldo en sus  efectos stabilizantes SOme las
dependencias ioénicas de anbos fenémcnus. Se aonuluyo. por una

parte, que solo compuestos estrechamente relacionadoes con el
amincacide ejercen proteccién, v ademas gue los dos  grupos
funcionales de la taurina son necesarios para eXpresar
efectivanente dicho efecto.



V" :

oA

P ]

vt

L il

Bird

En otros  astudics, ze  exploraron log  ef=ctos de  una
reduccidn en  los niveles de taurina sohre la actividad
contractil, tante basal como estimulada, en dos preparacionss de
muscule lisc: el ileo ¥ la trégquea. Los resultados indican que la

deficiencia en taurina no afecta la actividad basal en ninguna
preparacion,  =sin embarge preoveca un  fenomenoe similar a  la

supersensibilidad por denervaciéon. Dichas respuestas  aungue
semejantes en  ambag  preparaciones, fueron cuantitativamente

mayores en la preparacién intestinal. Los datos son discutidos en
terminos de un  efecto facilitatorio de la taurina =sobre el
novimiente de calcio al interior celular.

Las alt=racicnes observadas en distintes tejidos bajo una
concdicidn de deficiencia en taurina, parecen ocurrir a nivel de
los fludos d1éniccs gue ocurren a travées de la menbrans

O3

C O

plasmatica; por «llo v <on base en el presente y otros estudios,
se¢ discute la posibillidad de gque el aminoacido pueda estar
interactuando en condiciones normales con los fosfolipidos de la
membrana, c¢onfiriéndoles una estabilidad estructural. En el casc
de una deficiencia entonces, se& provocarian flujos idénicos
anormnales que se expresarian en cada telido de manera especifica,
vy de acuerdo con su propla naturaleza vy funcioén.
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ABSTRACT
”‘urine, Z-aming ethanesulfonic acid- is a free aminoe acid
present Iin L tigsues of every animal so far studied. It i=
highly Qﬂumnfrﬁtrﬂ in excitable tissuss, 1., brain, heart,
puscle mnd in liver. In spite of its wide distribtution and high
concentrations, no specific physiclogical role has been ascrihbed

to taurine.

It has been established that a decrease of taurine levels
tevond  a critical value in the cat retina results in a severe
Truﬁtu*al damage to photoreceptors (PR}, and r=tinal dvsfunction

&
lc ding to blindness. Such an effect has b

=en reported to ocour
alss  1in other species, however the phenome
&
r

a has not been fully

3

characterized nor understood. Other processes reported to  be
altered by taurine deficiency include seve maturation events
in brain and a generalized perturbation of development when
deficiency occurs in utsreo. Consequences of  taurine-deficiency
have not been explored in most tissues, although sowme of them
have: large taurine pocls, for instance, the heart and the
skeletal and smooth muscle.

lQ;
o

In the present study two animal models of taurine deficiency
were used: the cat fed with & taurine-free diet, and the rat
treated with guanidincethane sulfonate, a taurine analog. In the
first model some aspects of the retinal degeneration produced by
taurine deficiency were studied and the following conclusions

were  reached: a) The PR distabilization is a phenomnenon
independent of the photoexcitation and phototransduction
processes, The cell alteration occur regardless of light

stimulation. This was demonstrated alsoe in taurine-deficient
rates, were a direct correlation between taurine pool size and PR
dysfunction was established. b) Although the intestinal absortion
of cholesterol and Vit-E should be severely impaired because of
the decreased hepatic taurine pool. it seems that these compounds
are not invelved in the retinal degeneration genesis nor in  any
other expression of taurine deficiency. ¢) Other compounds with
stabilizing properties were unable to prevent the PR dysfunction,
pointing out the high specificity of the taurine requirement by
these cells, and suggesting as well that the mechanisms
subgerving membrane stabilization are differente in each case
with that of taurine.

The stabilizing effect of taurine was studied in vitre in a
preparation of frog rod outer segments. Twe conditions wich lead
ta cell disruption were tested: exposure to intense illumination
and to a Ca++/Mg++ -free medium, charachterizing in both cases
the specificity of taurine protective effect and their ioconic
requiremnents. It was observed that only very clase taurine
analogs exert a protective action on outer segments structure,
and that both functional grcups of the moleculs (amine and
sulfonate) are necessarly to efectively protect cell structures.
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In other studiez, thes effects of  taurine deplstion on
musoular pErrormance were explorsd in two smaoth muss le
Lrepayrations from taurine-deficient catg: the 1lsal portion of
intestinsg and the trachsa. Results shows thiat taurine dapletion
dc  not alter basal contractility nor muscular tonge, hawever 1t
increase  the responssivensss to acetyvlcholine, in a similar way
to that observed in supersensitivity by denervation. Taurine per
se&  induced muscle contraction, & response  augmented in the

experimnental condition. The effects were similar in both nmuscle
preparaticons although more proncunced in ilea. Data are discussed
in terms of taurine interacticns with calcium {luxes at the
plasmalema.

The range of alterations observed in tissues from taurine-
deficient animals, although different among them, seems to
inveolve an initial modification in plasnma membranes. Due to this,

a general hypotesis which consider a possible interaction bhetween
chreed groups of taurine and membrane phospholipids is disscused.
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I Gereralidades acerca Jde la taurina

La  tauriss =3 o aminodecldo substitusdd Qus orasasrta wuhl
arups =l fonato @2 1z posioion del o osrbecil Lo e la  astiyuchuars
coidin e o amnimcAcidos, Fry copdicionss de pH fiztologioo, 704,
la taurinsg =e Copports Como un Swiher 1dgn, 2T dECir. TUT AruEos
furc o les amnioo v osul formato 22 encuenteran tonlsados mosteancdo
LME Targs Poflihilva Yy o und heaativa, YOI WhEa Saroa molsouil are

quet-a »

A partir de sy descripcidan en 1827 2n la tbllis Jdel tora
(Tiedammaty y Gmalimg, la taurima fud zsucesivaments 1dentificads
sy diEtintos tedidos de divaersos phivia , Catito de Inverteberados
coms e Vertebrados, asi comno ety protoroarios, establaecisndosse g
Gizhribucidan ubicya en 2] relms snimnal (Jacobhsen v Sarth, 1963) .
Farticularmerte, la  taurina = praeszenta e los tejirdos v oan los

-

dizhimtos arupcs fiaenpre 2n forna librae, v oa escepcidn g2 alaunos
traipéptidos recrermbemnerte descritos oen &l cerebro de roedores
Marnela, Lozd) £ BT LAt Comporente aotridotural s ]
macromesld&odlas. Sus corcentbraciones o obstanbs, o €n OCas10N8E
muy =lavadas. alocancando mivelass de  comcentracidy del  ordan

milimolar en alaumozs beyidos,

Resiglta rmotabla g a mas Jde uln =21g9lao vy medio ds S0

1dertificacidn vy de 2 caracter ubilocun en &l relrno animal, 1 &
Figeidr o furoiomes gue la taurina desappsie 2 la fisiclogaia de

los araamismnos, & o bhavars =1do eshablecidasz corr pPEc1S1idn, &
litaeratura cilentifica 9ue  derncots los esfusrzos Larndienhes A
resclver  esha preaatta ez vasta v diverss,  coms o zon 1o
proasesns fizioldaicos oo los gus = bha relactionado & la Ladr imas

e participacidar e la fourncidrn membranal de los teJidos muagcualar
v AT=1 MRV Wak- D I 2] control o de la tenpsratura TorEoral, 1a
ozmortregulacidn, la newrctransmision vy el control oel ritoo
cardiaco Tor, SElo por mencionar alaunos, proossos 2 1oE aus 3
M propuassto una participacidn LaudrinEral X, P ety co
tambidrn la denostracidn clara de la posicldrn en Jdoreds =2 Lnsarta
&l amitpads i e el dird&mico corbexsto de lis Fri s S
Fizioldalcozs o ha si1do alcanzads @i,

K
‘:.:ﬂ

Biosintaegsis y Degradacidm

La bilosimtesis de taurina a partir de precyrsores enddassosg
e ha =icdo deel hodo = arecida, no obhetante la anplilia gama de
tejidos que la realizarn. Sim enbargo, =& han descoribo varias vias
matabdlicas a travées de lazs cuzles es pozible generzsr de moveo =21l
anicacicdo, Y 21 Adotyde =e barn 1dent i ficado tamta 1o
itermediarios como las @nzimas involucradas en la ruta,

El precurzor de la taurina 2s la cist < lamocual o ge forma
Erimcipalnente por la traessul fuaracidrn snzimatica de lan serinag,
teniaendn & la cistationina como producto antermesdiar i, ichias
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Hoh-CH-CHEo-5h
Cisteina

|

Cistein Dioxigenasa

|

COOH

I
HzN-CH-CHz-S0=H

Cistein Acido Cistein Sulfinico Cistein
Sulfinato Sulfinato
Deshidrogenasa Aninotransferasa
l
Cistein Sulfinato Descarboxilasa
{ DACS )
Piruvato
COOH '
H=N-CH-CH=-504H
Acido Cisteico
HzN-CH=>-CH=-30=H > Hipotaurina
Hipotaurina Aminotransferasa
l \%
Hipotaurina Oxidasa Sulfaldehido

Acido Cisteéico
Descarboxilasa

|

H:N-CH:—CH:*SO:H
Taurina

"FIG 1.- Metabolismo de la Taurina a partir de la Cisteina.

(Pasantes-Morales, 1986).
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tranzEformaciornes ool catalizadss por l&s slnmimas CaaTaticeini
sirbataza primeraonente, v o despuds por e cistationasa, BEzha via
podiria Ser la operante para la Formaciorn e la crehmins
e enra de la taurina e tegrdos oomn el o piddan oy 2l bBuaacdo.

Sa bim odemnostracio,. por o obra parte, gue la mebiornirs poads s
corvertida en cizteins vy oaverhualmente @n Taurina 1 vive Faak v
Bwapsica, 1964) ., azi ooms sn reansdas vy Pomoeasnados de oeraleo e
ERTaYIRE 1 yiteo (Galtomds v Richter, I9%7) . viplands & =
ErnOrCZes, al precursor inicial de la taurina.e Sin anbarao, tal
Fropoziordn e esmcluye la via  de  transal furacion e L
el e )it

=

La  morversidrs de la cisteilna en baurinse ooures por 1a
orxidacidn amicial de la primsra para produsir el docido oistein
Ul Fimlco. La tramsformaciden de este precurzor &cido tierms  Jdos
alternativas, amnbaz demoztradaz  en daversos bejidos como el
Figacdo, el rifgdn y el cerebra. La primera vy mas ubillizada, seols
1rod i a 1 & v LRIl & St imantal Lt 1 zardo (8 - Tond 8 -t ] =R
Fadioactilvios, S g descarbocl lacidn catal i-ada il Ia
deccarboxilaza del &cido cizstein culfinico (DACR) . Esha @nmimse s
a - trtdentificado &m0 Fisdn., Brigads v o carebro. BUrLE entiers
zetazs Glbimas es pozsible que se brate de 1soenzimsazs CSomn &launas

1fe
t

1

"

D

Folas aefntere =1 (Fazantas-Morales et &l R (EBERELN Y

‘:‘;J »
T - "
ary, 1975 . La DACS mo he =1cdo descrata erm mdsoalo

L
-T
T
-
=
t

amccquelEt oo Pl cardl aoo.,

L.a actividad de lsx DACS tisme como peocducto sl Acido 2-
amimo  etarn 2l finico o Plipotauring. Ecsta Gltima ==z transformactas
gapy Ladrina por la bhipotadrinag deskidrogsrnasa, cuiva actividad ba
mildo depnostrada 2n o ern Bigado, Fidder Yy mascals de rata (Cavallind
wat @l 1954 Sumizu, 19642 v zae ha 2ugerido s acoibdn an tedido
prErvioen (Feck v Awapara. 1964),

ALtermativanmesmte, el Acicdo ciztein sdlfinlox puscse ser
cortveartido er Acids Cistelon por ubhiEa ol avartua lmemnte s
Lauring  por una descarboxilacidln poshtarior. Estae gltimd progfeso
puecds ser catalizado por la descarboxilaza del &ti1do cisteico o
iz luso oy la DALCS, Audler pudeds recorocsr o Song subtrato vy
trarnsformarlo. '

a demostrado actividedd de  la
a alterrativa la bilozintesis o
mine vy Corn la  khilipotaurinsg Somo
degnostracds Lanta 1t viveo comno 1

ALY, =a kha Swuaerldos ool v
tarina & pPartir de la cist
inbermadiario. Ezti via 22 h V]
vitro  oan distintos deganoz d

Evv los  tejidos donds bio 2 b
i

T

act

i

i
—

/1t a rata, =1 cobayo y =1 ratdn,
entyee  loE cuales, el corazén oy &l pulmér mostraran las
actividadeas m&s altas, mientlrazs Qe laz TS &5 Frizr o
clebermimadas s bl Qaodo, cerabra v plasma (Hu«tabls v Bresslar,

19760,

Loss  mearilsmos O I dearadacidrm e 1= Laur Lra eAul e
ErAchloamante il shentes v & pesar de corioazersse alaunos
compEstos biolédgicos derivados de ella snbre Los mamifaeroas el
particular, &l paracar la mayor proporcidr oel aminodgeicdo despuss

e B WD mmeme e
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e Ty DroTartesis o ML= i W T = it L1 ETadda, reasagnbl A0H Y
Tt ada 3 Lpravaes e o o ibes RULPTIE S L aesnsa . =3y TLITE LR
ol T oo 1o s Quimlioss.

Fobt Loz peerochictos caonocldos der lvaonzs ads I3 badr 1rmid.
destaoars polr S importarcla los o dcidos Bililarezs tauroodl loo,
tarodeos: 1ol 100, taodroqueeinnedscos oS L oo Y S rOE S es, foz
cusles =on Formados por la comjuegaesicer e 1Ta Taar ins oo Lo
anidos Dilisres corrsszspondientes vy o zi1endo 2l primees el NEE
sbopdanta, Ez osta Wma Paesocidnt que Dourre e el Birasedo oy gues e
afvcernbra ampliagents distriboada entrs Loz vartargraclos =T
pEppst al. Pluasstra una dependercia rmportagntes: oe la dispariabyl s
e LauUr 16 N e ==t P oy a1 eyt e 15 A1 et Yy R
1terrel soloriada o la tazs de coozintesils hepstiloa el
AMitpadicdo, Ern ratas, por ejenplo,. la suplementzacion de 1a dieta
ey hAUE LR, madli fica =1 metabolilizms de las zalez blliares,
L ramnentatidn sy conJugacidan Ton el 1A Zimul tareamerte, la taza

e =aintesilcs hepitilca del amitecdcldn disminaye., Mmilerhras s

3]

A T 2 B ol ) B o
ok

Lasa s ewcraclidrn 22 ve 1ncresmentada (Spaeth vy Schres Ldsee, 1976).

Ademas, 2e ha establecido una corraelacidn inbterespaeciftioa syt e

la  tasa de =sintesis hepdbtica de  ftauarina (estimada por &

actaividad de la DACSY v la proporcidr de zalesz corpyugadas comn el
] a X

o+

L& 1ol =y

1976)

3
he

I cobayos vy el cormeejo (Speatih vy Sohnsldsr,

tros productos derivadas de la tramsfaoarmacidn qQuimica ds la
Lalirims i luyern el =ul fato 1norganico, documnmentado en ratas oy

bvacterias, la taurcciamnins en alauwos 1nvertebreados, ATL DD
alguros derivados metillados como 1ax metl1l]l vy dinetil tauring, v la&
taurobetainas, degoritos en organlisnon:s Sipnples coma alogaz rojas.
asparnjas v celenterados (Jaoobsern y Smith, 196E) .,

El a&cicds izetidmics fivalmentes, 2 urn armidn mdy albundante en
moluzoos vy conshtituyants pricipal desl axoplasmna dsl a«de airgantas
el  calamar., del cual o ze pensd Tuera =l produycto dee 1a
Lramzaminacidn de la taurimns,. =im o snbargo, evidencla ostariar B
pesto e duda hal azeveracidr (Hoskim vy Hordik, 1977  En
tejidos  de mamiferos, dicha transformacidn s=e ha reportacdas gues
oouUrre  aEn corasén de perro (Welty v Read, 19A2) v an caersbhro de
rata (Pack v AWapara, 19e7) . Sir embarao, la wveloocidad de
Lrarmsformnacidcn  sshimada =32 denazilado Lanta para consiyderarzaels
CodiY e via de dedgradacidr imeortante del aminoacido. Ademas,  em
atros estydios, ut1lizands  taurima marcads oo tribiloo en dos
[ oA W alh ] A T=10 i g posible demcstrar tal Fesccidn en corazdér de
EErro mloen oorazdn oo ceraebro de rata, tanto en rebamadaz comno sn
Pomogstscdos de tejido (Fellman et al. . 1978,

»

4

Tratmeporte v Recambio

Pl o

Las pozas tizdlares de taurina som alimetstadss por Jo viazg:
1) la bilosintesis  aenddasna, y ) la capbtura o la poss
plazmatics, siendd ia proporcidn particular pars cads tajido, Lan
regpecto & 13 caphura, Pt astycdioz in o vitro 22 ke suemerido g
& taurina pud L hgresar & laz cdlulaz porr dof mMESanlsmnoE &) oA
= =
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L

e,

e

BAIFPIRIIADE o) por e trEd e O TG0 zlmplzu e T | =l FOTT
TET o2l sivhaensx es saturable, Tempestypd i aents dd s presaryTia ChE oL
aradlaente = 2ol i iimnls 3 tqmpwrﬂiur‘ Y NS R
met xbd ooz, A&t & qué el teroero B e naturabkles oy daepapides
ol DUPLAZE0G e Wt gradlenta Je SoiIantraTiorn. Bl nranzporte
ECTIVG. 21 AmbErac, podris 2E&r el fistens praferante de capturs

3 1doE =1 T Tornds LdEran L= wlevados

1
n TR WS T b I o F: ST & SR T Pt s D Aol o=
Aradletmes Jus EIRoT o mant e pacho &l Flasims. Ery los
oty raecaptorss e la  retim, oo & el o, =1 arzellente de
COrZEntr sl = S hags marmnalmente cerca de Sl oo paespesctao &2l
el amma, Voo el uurazén Las proporcl o puedesn DS 20dr mayoras
artee G000 w10

i 1

Foedy 20 X

Nos obetatihe

= la efirocismnclzn de Loas =zistanss acthilivoes de
tranmspoarts, la particigacidrn del conpopents difuzional podria Eer
1o tante EEajo crlertas condioiones mnetabalicas, 2 ool a1 A

Jiz
ot altozs miveles plazsmnaticos darilvados de la irngaesta,

El recamnbhio de laz poracs tilsdlares de TaUFINa SCURESE &0 Uy
dietimtas vaeloDldadss, Er termirmozs gemsralass, =2 b Jdizthinguilco
reE grupos e tedldos depsrediends de la rapidésr dsl o recamblo,

= ta  por la actividad sspecifica cuantilfilcada e cads
tejida despupds de amtrochycir oan 2] arndimal ishears una carags ol

tauring radicactiva (Spaeath vy Schrnsider, 1976).0 Azi, e consldaers
Auez Grgatos Comoe el riddn. &l higado, =l pancreas vy las glandulas
sUptrarrenalesz presentan un recambilo réapido de Laurina, o [

.,ﬂ

alrraededor da 24 horas, miepbhras guse el process ez 1htarmaecdis a2
e ez, =] ] mdsr, =] 1n+e: APy las 9drnixndas (2 dia

“-’5
aEr o macdamnsnta) . Firmalmerte, ary hejrdos como =1 moeEsd o, e}
coraTAr Yy sl omeraebeo, 1a taurina e raecambla  méas laentamerite,
mostratcd wna  vida medis osrcana a los siete dias (Seeamtly

Sohhelder, 1976).

II Presencia, Digstribucidn v Funcionss FPropuestas de la Taurina
' en los Tejidos Excitables

No  abstamtbse la amplia distribucidn e prasenta la  baurina
@ log bejidos amimales, sus corteridos varian &n o un anelic rango
Fenslez, ozl lardo desds Fugee]l T as 1

AN et 1 & M1Ema &% 1

Cotpzentratlorees nanamnal e 2 &l Faigado de coneldo,. hasta valores
ey la secala milimalar st retite o o2l coramdr del mismo artilmadl
{(OBwapara, 1955). Ademas, 103 riiveles de taurina zon inflaidos por

Fy-]

s
-
L=

ilversos Faotoras que 1 luyen la sdad, =1 =g, loz habaitos
alaimerticios, & ocasiones 2]l eztado estacionzal v bPormonal, asi

coma la etapa del desarvollo enbrionario, siends este Gltimo un
factor qgue  puaede determinar Jdiferencias an un mi=mo taejildo e
Mazta 9 veces o valor en diztintaz etapas del desarrollo, fyuti] () L
For ejenelo en el cersbra de primates &l bermino de la gesmtacide
o respechto 2l estads adulto (Sturman y Gaall, 19768),

ﬂk n

U denomnitador comditn 2 1a mayoria e los verte 4
esaencla ds cantidadses relativaments abundantes Jde Lagrins @
zE  hejildos excitabloes: miascl o l1ao, enual &t 1oy Cardi s,
tejidon rervicsEo vy glandulas de zecersciar, Lartho enclhiorimas Comnd
srdhIrirnas (Jaoooses vy Smith, 19830,

r"a
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1.- TEJIDD NERVIOSO
1.1 Si=ztea Naerviozo Central.
=) Dishtrabogcydr Regliomal

La taurita =e epncuentra amnel lamsnts diztribgids en el e jrdo

FErviann e practilocamette todas laz  sspeciaesn estudladas, Es=
Fodemas, T o T B Las  amlrmAacidos mas abundantss yva gQuis Z2UE
Cnp TRt e & e s, e la escala milimalasr, = 2hlo 1nferiores ®

laz del acido alutémloo.

=it

!'l'
il

1 1 1 rearcatal  de ba mag 1ra st &l SNIDD s

P E Qai, para el oersbro de la ratas = begn Pepaenr haddo
valorss e 4.5 & .2 unmclas/gr en =]l cerebelo vy de A2 &0 L1
s laz/sar en la  cortera ceraebral (Shark vy APr1sor, 1971y
Crabal et al., 17744 Lombarcdimt, 1976) . Erm owr maerasn simllar
azcllarn las concentraciores de taurina reportadazs para ousrpd

-
Foztoarogar

st 1o, distpzéfalo v 1léabulos ol fatorios (4,4 a0 2.3 umalassar) .,
miemteas e distairhos adtores colmcider e e 1oz nilvelas e

i1

Pt J,i
g
=
l-_t

a2l tallo cerebral v la mwdula asEinal, Fes @ loariTar
s las/sar (idem) . La hipdfizi1zs ez probablemasnts 1 regldn
oo Los o mrveles mnas wlﬁVuduE ce ! taurina: s o ella

detarminads valores cde 109 umolaz/ar para la neurobiipdfisrs v ods
casl 18 unolasz/sar s2n la adenohipdfizis. Azimismo,. @ la alamdula
Piteeal. =1l conterads ode taurinsg estimnacds Fud de G0 umolas/gr
(rabal et al., 1974).

kg

-
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-
—at
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Dentro de upa mismna regldn anatémica, los mivelas
pogedder et distintas. Ezto ha sido particularmante aw
rabelo de la rata, an donde =e ba postulado a
coro el meRurotramemizor anhibidor liberado por
1a Iz mivelas de tadri;a S9m meErnor

o taur Lra
tuciiadoe el
la  tawrina
as

cEliuglas

IR W Hdass AL gE ey el
zetrato de laz cdlulas excitadoras grarmlarss en compacacldm Cor
az  imhibitoriaz sestrelladas (Nadi =t al., 1977 Bl Loz
coliculos superiores del aospsbro de gabo, la regidm postarior
corttisne 1oz mivelss méazs altoz del anmnincdcido en 288 @structura,

mientras Que 1la reglde
ah o&l., 19735,

it iar prezenta los méas bajos (Goglciottg

s

) Dristribtogcidey Celular

e haurina se ercdentra presentse tarnbho e euronas Somo o e
-ﬁlulaz Rlialas, I EY T Do =l teajicdo e ot 1o &t LA
“raccianamients celular, la mayar praporcider del amino&cl do e
Facupera e la fraccisn soluble (Rassit eb &al. . 1977). Er i
estudio de distribugcidrn subcelular de tEdrlna St VAaFrIas raeglones
cerebrales an la rata, za erpsonbrd que mo obstante las diztinhas

"'t-

corcenbraciones de las Fagiorees aeztod adas, las  fracoimornes
mitocondrial, microsomnal v sitaptozonal comtisrer Corcsnl e el ormes
e Taurina aprosimnadamnernte 1qud]w“ oy st Eeo 1 G de la cortera y

tl" "z

el meretelo, sl dorncds la FrRaoTldn
elevados (Lomnbardinl,. 192760,

Lﬂ
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~
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1rEaEtosamal o mo Frlvelaes més
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O L& abuindareT i R At ioalar o Lzuarins, Loy smitarinr  =e iR
chebwrminzds sy veTtiooias s1zladaz e JdiverDast o regiornss o olel
et oder beovirnnes AREaontes ah o al.. P, HE1 OO B aquekllas
1zladsaz e 1z corhera osrsbheal o de la rata (e Bel leroches v
Pradford, 19273).,

v diferarpsia e otras amireodesidos o oomd 2l HABRA, ta baurlma

1’1"

&% tratsportada aeotalmnentse ern el ziztena vizual ds la carpa,
i veloZidad zimilar a la del tramsposrte raelchs e probesinas
1
=

f

(Irraoalia et al., 1972, mientras Que an mamiferoas an ssta milsma
Vid, el hransporte oTur [P D asoZiado Con proteinas vy
alcarzs - wrme masiimo antezs vy durartte la mavor prolifasracidan
zimaptica (Politis & Ingoglia, 1979,

c) Funciomss Fropusshacs

:_}"i

ll in

-r

Ern el Sistema Nerviosa, lae taurinse ha zicdo involucorada  aen
IVEP ZOE EVeEr t =z fizialdemicos gque var desde gl posible papael oo
rieurotransmlescr ,  Somo FeEuromncciy ] ador . asi o oomo oy factor actuanhe

e la regulacidey de la tenmperatura corporal v la ea—ifahilldad
membramal . Se haty descorito azimisns Clerbtos efectos Sfroos oa
la tauwrina v =2 bha poztylads =y pattlﬂlpauluh 27 10T procesos e
maduitr g i A embrahdl. Erm =1 presente capibulo sa FEVISH

Braevermsribe lm Sy idernTia expaerimerntal mads sitamificativa gue b
llevado & la postulacican de una actividad tauriredralca = eshos
Frocsesos partioglares,

Neutrotransmisor o Neuromnodul ador B R

La taurina =sisros un efecta inbiibitorio sobre la tasa o
dizpars meurcnal 2mn la mayoria de las oregiores del SNC. Dicho
efecto azneralirads as ejerclids & travér de la hiperpolarizacidn
Az laz menbranas por maedio de modificaciones an la parmeahillidad
Vil &E, Frincipalmnaentes al cloro (Durtis v Jabrmston, 1974 O3a et
ales 1977). Eztas acoiornes, jurto cor =i distribugcidn bPeebar ooadresg
2 =1 SN, S asumidl asidrn el hermnitaless rerviosas,  asi o come 1a
prazencia de sistenazs de brangporte de alta afinidad =
2ELFUCTr&s kAR Liberacide a0 Faspyseta & sebamdlos
despolarisantes,  han conduwsido a la postulacidn del amnincédeilds
Como o posible newurctransnizor inhdbidor en reglornss cono 1E
ocoartera ceraebral (Hazli et al., 1973 v la cortera cerebelar
{(Cizmoto y Sakal, 1980) .,

<

Sin ambar a3, SH1Ete una amplia baze swpaerimental an contra
de dicha propozicidn entre la ause ze pusds pesscicohar la
Tiguientsr En la cortera cerebral, loz efechtos hipmrpolarl;antea
de la Laurina, vy agqusllos dupr::nrm~ e la gereracidn e ssplaas
=1 celulas individualas, asi  oos las modi ficaciornss 21
rezspusstas elédctricas poblaciornalez,  =aon Blogueados por la
Dlouculina vy la sestrichina (Curtis =t al., 1971), agsntes  gue
antagoiizan szpaci Troamsnte la  interaccidr vy Lo festos
ﬁﬁﬁt:inaptlcoﬁ el &ci1do aama amitobaaticico (GARAY v o la gliciva,
*::- tavamente, e mabera analoos, la bicwzulins blogues 1oz
afectoz  inbiibitorios de 1z taurima =obre newuronas del talamo

.
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15 oy ITehesis. P70 0w del caraebaelo (Ohamoto oy Sabaa . Laan),
Ere 2l oy am la médala sspinal. la taurins deprimns
Pa zezbividad mauronal poor maedio e uma aoidn despolaricants, Y
B AabhoE Cason. zidn efectos oo blogueados raeversiblaemnetts por
Pl Tl L&, oo antagonista del receptor al GARA, az i oomd por
s Baouculina y 1z eztricming (Haas vy Hsll. 19723y Mozl =t o&l..,
123750, Eston  reaesugltados, aumados &l Feechked de e o =32 i
vdertifiocads miedn aasette gus antagornios selasctivamenhes los
atfectos mosteEindpticos de la Laur LR, Fian Llevado & corclurr gue
laz soociornes travicsinaphicas inkabatoriazs del amirodcido, SO
madiadszs por una inberacoidn de dste caon Loz receptoras s 1a
alicina v ol GARA, dada la ezstrecha zemetanrzs setructural gue
Auarda con 2llozs.

sl 1o cerenrs

Foar abtra parts, la libheracida de meugrobr aismnl soraes ds marsEea
deperpdientes e ol s e corddlcidy amplilaments dooudmnentads
para practicamsats btodos Loz pedrotransmisorss  oorensidos, Fos
atstarbe qQus para algaunos amireedcicdos cono 21 GABA v el &cida
alutamico, tal depsncdzncia a2n alaunsas reglorems 25900 sasa parcial.
Fara &l ocazo de la liberacidn e taurinag e respuassta & estinulos
despalarizantes {zltaz cofmimemntraciones de potasio, PrEmarnTla e
slocalordes del tapo de la veratrirns y  varatriding, sath o amil &1 d
1

(e 1 (ot B =

o
P

alectrica), a  depasrderesia e caloro o hia f21do alaramaente
sotablecida- 1ercdhn 1oz recultados ern o sse sentildo vartiabdes vy &
contradiotorios, As 1, la Liberaciom e Laurind 1 Y1ivio.
Eeztimulads por bodaz las comndiciornss arriba mermslonsdas, ez penticle
Cle mateEra impeor tarte la prezsercia O calocio estracelular an 1a
cortera oarebelar de qgato (Davidzon, 19773 pare o e la oortezss
cerabral (Clarok vy Collilims, 1976), en dorsds wun 1ncransnto par 56
e calcio antracelular  dizpara la  liberacidn del amitodoido
(Maczmarek vy Adey, 1974) ., M&az alth, i rebaradas de ceraetao v
cerabelo, &z ooner &t finapbosonas aizlados, la  ausarcia e
caloin extracslular  atenda =dlaments la liberacidn  de taurina
eehimslada por alto potazio (Okamoto y Namioa, 1973 Flacheta sib
@l 1979 o por estimulacisrn aldoctrica (Wheeslaer 2t al.., 19790 3
=g afectads en rebanadaz de corteza cerebral estimnulada por
alto potasio (Collines vy Topiwala, 1974 v adrn s i rementads
cEieds S8 desemcaddsna por estamnulacidn eléctrica =h rebanadas de
corteras cerebral e Bipotalano, s la rata (drrego ¢

gl

i

oo

g

i

it

i}

HE

i

boal., 1976).

H

Qtaraz  evidencias Que  no aEovan,  al  menos en diversas
Fegiones o del SNC, O o un papel para la teaurina coma mediador
-

sin&apbion incluyesr: a) Wy oourso temnporal de liberacides distinto

1

lerto v sostenidn) &l pabtrdrn tipilco de reurchramsmnisores (Faeido
de pronta lnactivaciéss) s D) La falta de corrselacider entre =u
iztribucidrn raglonal v o las rornas de mpavor samasihalidad a suys

efactasy O S4 EFRSSnCla 2n mshEs Yy muy Jdiverzas regliornes fuers

e la ziraEslis, ol fracusmeia en albas Congentrallornss: d) =g
RSN & y  acumalacider activa s clulas gliales, woooe) 1

falta Jde recaeptores simgeticoos espacificoos a travées de Loz cuales

oourran suis asfectos.

T
=

A nansra de balanos final, e pusds decir gus o obstante
auE 2 alaurnes redlones del SN la posibilidacd e ogque la harins

pueda participar Soms un mediador sindetioo no pueda descartarze

st Vs

.y
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et e lasz  odlbdlas estrelladss v ode Purkimge - RN W % TR

laz  caracterizticas de muchas posas tauriodaroiozas claepdrn cha ]l SNG

oo s Zaustan & dicho papel, s b ubyvercho s lanmas sindptroas, ol

Semr

Ien Qe Dddsnia EEgr e o a Lrvesrn b g Ll e O e = Eh
Farticipacidr fizioldaiocs s ba arrentachs 5 la eaploracior o
ripdtesis altermativas.

For  otra parte, 22 e oonzgilderads que la taurina podeia

E IS CEr NE Aacsidrn moduladora sabrae la tramesmiarder Sindphl o, b

AT B cortsidera gues wn FEagromnocdalador es aquet R LR ST

e a4 > —r
Do PP o1l ihe O] 1 bl b la  marni Festacidrn  oe laz  respagsstbas
pozteindrhicas derivadas oe la acivided ol LR LN =Y A R (1B R N =Y o

LN& IMIEMm&a S1Napsie. DU acoloras pueder oourr e & VEarIos nivelass
&) Fraesingphico, rced i F Lo aro Loz ziztemnasz e SimtesEls,

almazeramlaeritao, ZEcrae it v/a iractivasidrm cel peuroab e aresmnl nor
) Fostsimaptico, modifioarcds la umidrn del magrobramsmlisor oo 5l

- i

receptoar o &l siztensa de decodificacidrn oe SEa les, R

o) Extrazindptioon, 1 fluyerdo el estado intarmnn d8 135 PEuaromas .

&1 treziddir s2obkre factorss oo la regulaciden interna o caloio

Litore, la de mivelss de merzajeros encddgeros comn AMFS o GMPo o
1

la actividad oe la bonba e Na/k.,

Er mete contesibo, s e descriteo gue la baurines suprimse s
libetracidey de norepirefring v asstiloolins del garmslio cervicsal
SUREElor y de rebanadas de cortera cerabral de rata, estinuladaz
Foar alto potasio (Murama = 1., 197&) ., Duarndds s drnyechs
intraventricul armerite, la taurina ncremnenta la sintesis de

1 laz regiormes estudiadas, itbhiibe

dopamitna vy norepinefring en bhodas laz
el digpars de las célualas dopamitdrgicas vy &«siha & resiabones
o acdrerssrgloas (Garcia de  Yebames st al., 1978), Er osmstan

zeantido, 22 ha sugericdo que la taurina podria ejarosr sus efecbos
sokre 1a  cornduchta motora v o la bemnparaturs corporal a bravéds  de
s efectos sobre peuronas cataecolamnimdraicas (Garcia odse Yabenss
et @ml., L97a) ., AZ101 S, la trtaurima eotaencia la libaeracidem
Anulada Jde GABA  de  la  cortera cersbhral o sin sfectar su

st =
B B & (Leach, 1979) y o o= ouenta oo eviderecia ode uns

t

Etraunc bt oo el receptor GARASEgL oo

» 2y o) o =2itic ode unidr de
berzodiacepinas (Williams ot =l., 19300,

=
ot

]

| el d
£
)

For otra parte, varios estudios bharm mostrado ume Leber s e
sibre la taurina vy los novimientos vy concentracidn de caloio,  yva
Zad desds o]l espacio sxbtracelular al mpedis interno, o modificarcds
laz pozas intracelulares del catidn,  La taurinag enbonces, pocdris
modular laz comcentraciones intracelulares de calcio v por  sshe
szl i o modi Ficar la  excitabilidad rmedronal. L& v i cderes i s
S imantal gue sustenta tal aseveracido incluye 1o siguiente:
Ere minaptosomnas  ode ceraebro de rata, la taurinsa aimhibse  la
Liberacidn v recaptura de calcio, v bado uma corpdicidn ode bago
Talolo estracelular pusdse estimular =4 bransporte (Pazarhes -
Morales v Gamboa, 190y Furivama =t a&l., 1277823 Rentulla et a&l.,
L972) . Mas =i, SRS ERreparacider de microscomas cde caerabro o
~atd, lae taurina 1mbibe la umidrn de caloio bajo  corcliciores
dezpolarizamtas,  misrtras gue o blere eafecto e adsencia O

st imulacider (Izumi et al., 19732).
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La  taurims godraad modalar [ oomcsntration antraoselular de
Tabars 1A AT TS T 1oz mesZar) Smoes Il naelorir DS e s he
Preefoesras e del D=l A Wt o CPdab 2o3aWa v BN LV EIS, 1=+730, =iy eThe
GO EeTE LT A rtaudrirda 1reerensntid s &soSlaciorn de oalols 1az

b 3AaT S DorRZA - Y S IO ESrEniTla, e CapaTidan de o armrde oy

n il SN - i

PatamreT ooy el mlsmo -, = 1mterfilars Topy &1 TraaEErte v Ll b
Caloio wen el zarcolesmna v osn &l retioulo sarcoplazsmnloo, Tanto an
eohe drgaten oome 2 2] mreoula ssguelético (Dodaras a2t 21, 1976
LChovan 2t oml. . 1379, 1'9a0; Reasd et ml. . 192,

Er A ratin, la taurima estimdla espaecifiroamnsntse &l
atiigporte de calTio dependiente de ATE e 1oz dizaos de
TERGEntos axhtaerrozT de fotorreceptaorss {(Buo y Mk, 1250,
misntyras gque an fracociorees subcaslularas inbnibe 20 LEaMSEOr B,
Frivcipalmnatts e aquéellas gque contiersn 1o segmentos axbatrpos v
maliulazs del spitelio prameptaris (Fazantes-Morales =t azl., 192739).,

Tt

f

No  aobetarte  todos los resgltzdoz areiba recumidos

mecZatlsmnas molecylares dae la nteraosidn caloilo-taurina ol
1dentl ficads y cantimidaty Siaerpdo ab3sto de investigsTidr.

, los
T PrEgT

Actividad Anticomvulsiva

Laz primetaz correlacionss gue = aechablecisran etbere 1
Laarina vy actividad eplleptogérnica fusron descritas por Van
teloder vy Colaboradorss, FAl e reportzraon uma drsmitasian
zramifilicativa de  alguwros amirédcidos an a2l fooo spl leptogdarmloo
T regpeEnto &l te)ido perifocal s la cortaera de gatozs (Var
Geldsr, 1972). Loz aminodcidos modifilcados 1ncluian & la taur ima,
=1 HABA. la alicinag v las &zidoz azpdrtico y  glutdmico.,  Fooo
Clespapds, el mismo Q9rupEs reportaba reszglitadozs ardlogos =1
Faclattes aepil léepticos (Van aselder st xl., 1972) . Fostericormnents,
freron descritas sucesivamente reduacciornes an la cormentracidn de
taurita, GABA vy &cido glutamico e wuia amplia gama de modelos
exparimentales  de epillaepsias (Kayvama, 1972 Cra1a vy Hartmat,
1%973; Jozeph vy Emzorn, 12776y Emzon, 1973). Ademéds=s, == reportd gue
@ fooos  eplleptoogdnicos 1ndusidos por aplilcacidrn tdplca de
cobalto v perncilina e gatos, la taurina e el primsr aminodoido
Cuyas cotcsntraciones dizmirndyesn srtam ficativamnsente -pracsdiendo
cambioz zimilares del GABA~ zm amtbeas del 1micio o la  actividad
corvulziva (Mutan: =t &al., 1977). S eRoErao, BE ECSETSEFLO
mernTionsr Sus glaunas obesrvaciorees el muestras de avtopslias o el
Ciiopsias de fooos epdileptogdémlcos an Bdmarnns, han dado resul bados
contradichtorios ern o2l conbtenids de amitodcidos, incluyands los
valores de taurimna (Ferery st &l,., 1979 Van Gelder et al., 1976).

—— g

oo comsecyaerisla oe estos primeros reportaes, S 11 C1Iaror
I1meg aesztudios terdisntaes a revertir la actividad oonvidlsiva Eor la

adminisktracidr de bauring exdgensa. Loz resyltados fusroey egitosos
2 una anplia gama Jde modelos de la méaz: diversa eticlogia,
mncliuyends los va meticiorados imdusidos por apliloczacidyy diresta de
Feanlclllina vy cobalto, aaqudl los producicos por zadministraooidn
s1ehémica cde d-amitaplriding v osstrdasnns, Aoatzluss sy ineadelos
e epllessias oo wr Sompeorssiitee geredtloo 2 ol lazs orizas
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convUlEivEeT B0l GlIparadad por FRCLOFEE @N0ernos. Soms 2o Las
Sl AVAR N Bt Wt wtlct AUCT L NSRRI ITAET S FRTAT Y Tar desarersdsralanT Ry
cerlimdlaciarn luminosa antarmitants an nonos Fapls EEELo. IO
Y (ILAER e T Sl T E RS ST AUNY T, FAmerosos raportes e prezglhados
FrEaatl vas at amzmde 1a Tauriaa reo aodifiod eresure dds Loz
Paraetros Cusiitl rlcadans, slactrosmcefazlograftioos o DAl ol =0

Aoz aml v EmEor. 1976 Wadda et oal., 1975 Lairdd vy Huashanls, IFE7a
Hurmatiam et al,, 1272,

Loz recultados anterilores, coppdid lEror & la evaluacidn de [a
activicdad anticoomvidlziva  oe la tauarivna sl o sepilepzias Bumnanss.
Varios sstudios e bt realizado en sse saentido, la mayoria de
jos cusxles e han realizados  o2n pacientes refractarioz &l
tratamietto vy 3im lnterruameir sl plan terapdutinoo al  cual =
el laban zujietos (Rarbszoa vy Dhonald=zor, 13735 1274 Beraaminl &b
al.. 1974: FPepetta et al,, 19773 Fazanbes-Moralass bt al., 1321},

Ery fmdmc los  Casos, ety cada o estudio =e kharn obhenicho

resultadons wytoosos 2 dilferentes arados, HTi TOmD rEdatlvos,
gxishiends wWna aran variabilidad de respuszsta endre paclanmas &
Ot of dOElS de  tauarina s=aimilares o idénticas. Evv loz  casos de
e 3ot 1 &, zua tmsrts 1oz ziano:s Climlcos 2e afanuﬁrnn &S
Faépildamerte vy oan mayor arado Que la actaividad encefalografica. 1la
mual tambiian =e vid positivamnarte meedl fiocads (Ferstta 2t al.,

1977 Kaomia et al., 13977).

Al parscer, LiFps e 1o problepas captralss ques limita
cots L derab l smer b 1o efectoz beréeflioos  de la tLaur it Copd
atit i cormval =i va, radica er su limitada capacidad para arviber al

~erabro debido & laz restriccionses de la barrera bematosnoefalilca
A Floguesa =filocismtensente sy acceso al  zishena Y LB
cambral (SNCY,  Azi, mientras gue 1& thyszoidm inbravertrioular de
faurina = modelos amimaleas de epllaepsia, oon Fraocuencia  resulta
B umE nedoria del cuadro anormal, cuando @z inbrodusida por via

1t rapariltareeal irtravetrosa U ooral, 1oz resyultados bare 2140 &
arasiones conpletamnente inefectivos (Ambrozl et &l., 19747 Laird
vy Hustable, 1976),

e marera =imilar & obtras acciorss de la  tauring. 1oz
mecariemoes  moaleculares e sus efectoz anbiconvulsivo sstan PO
aclaradas Mo obketante, e harm suascido alqunas expllcacionss

posibles ﬂe iz afectos, Entre ellaz, === ha propuassto gue la
Faversidm o an el patrdn anorma 2 amirncdcidos e distintoz

1
R

modelos de epilepsias, puadisze constituir la baze de sus efachbos
(var Geldsr, 1972y Mutamnmi =t al.. 1375 Carrwuthers-Jormes vy van
e lder ., 197&0, o estas bases e propuso gQue 1 disminaciar em
los  tivelez de  baaring en alauni poblacidr nedronal, Fodr ia
producit um incrensnto oeneralizads de la excitabilidad Pl otial s
progiciamdo azi &1 indcio de  actividad conviglsiva.

n i

Ge e obzervade e particular gue la taurina disminuys 1oz

las arorma lmente s alevados  de  glutamina 200 =21 Piepaido
lovrraqua deo (Rivrak=zirmen =t &l. . 19201, por 1o ogue =2 ba
Fldo o Sus acciones poedse dage
de U balances  adecuyacdio aptre la

= oa través el manteriimlaentd
Ducac] o D=1 o8 db= Yool w134 dia A idho

-
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glutdmios v atutamira 2 1os Compar b imienToT resurons voooalizl
ek aelder, LodE,

Uit ss evplilcasiornes 1ncluven &) aefecto deprezsor Qemaral soaado
= 1l Taurime  =obre la actividad msudransal . cob medlo e sgE
Ao ioreTs  =abre la corductancia memnbranal sl olaro, HT1 DO EU

relacidr cot 1oz flujos de caloio (Izumi &b z21. . 12750 Dhamoto et

’:"‘.1:,1 l‘:ja’t‘)o

La amplis variedad de modelos ds epllapzias contra log
alez  la taurins ha probado sy Capacidad de aminorar Vorevertir
la actividad meuranal yv/o motora areonalas e 1Rl lcan Wma 9ama
atioldgics muy divers, Sipgleren guse la acoldn del aninodcido e

i !

sitida = b proceso bEdzioo de la fiziologia celular, ] D |
control  dae la 'v“lfabllldad BT s aT-0 S W - N | amor bt auamlaento
mfectivo de Loz miveles: extracelulares de potasio por las odElulaz
alizlasz, miveles quu dur'nfw wuh shatys epllepticus se pueden ver

imcramnentados comElderabd emnente,

Los  efectozs de la tadring en los sistemas o oorvalsiones
ectudlados. b i =1cio evaluados  desds e punbto che visti
Farmacalémics ~adminiztrarndn taur lna s0daena, coty TrecupsEisla e
COrpTERTE a1 RS muay &levadas, cote 2l farm dltaime de o inferir  una

pozible actividad fisioldgica de =us pozas  endlaspas. Ot on

estyudios =a  harn disefads corn 2l propdsito de estabilecsEr un
Vihuulﬂ mas  directo v funcional entre lazs pozas enddaenas de
taurima v o2l control de la excirtabalidadd mearonal. Er todos loos

i ut1lizado un modelo de deficramcia en taurina 2n &l

CRTIDE ES
cidEl a2z posible aaotar parcialments =1 comhatiidn de baudring
caetabral (Hustabhlae 2t al. ., 1974, Loz raesyl tados bhan demnos “*dm
Uy incremente en la suceptibilidad convalesilva fremte & 0 agenrnte

como 21 penti lentetrarzal (Bonbause et al., 1283), =Tl om [ ci:tein
il Fairmioo (Twakta =t al., 1953) v la d-amirnoplridina (Pasantez ~

Morales et al.. 1937). En este dltino modslo,  tal  efecto sa
BHPPFESa SO una reducaoidn et el oumbral & convulsionzs LOnlTaE,
Lta 1ncidercla mayor ode corvulsiones clédnicas, asiooomo un iredias
(m [ mortalidad postoorvidlsiva méas elaevads & los arinmnales
Adeficiemtez an taurina (Fazantes-Moralss et 5l., 1387),

Er oty ezhudlo, S mbzervm gquie o abketarnte gue la
dﬁfiflwhula el faurita rox modificd siamificativamente 21 anbral a
corvilesiones  inducidaz por deccargas elachtricas, i reduio la
eficiencia antiecl léapbica de compuﬂztsﬁ come la fepitoina o0 &l
fernobarbital  (lzumy et al., 1925, Todo: estos rezsultados
mpgilEratn WRa participacidr de las pozas snddaeras de Lauring an
el :cn*rnl de la sxcitabilidad meuransls civ ambiarao resta &l
por ectablecsr wn esquana claro de la maturalerza de sste vincoulo,

P e e - e - -
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50 CrganlEacien moeToloaics vy funcionsl.

= ek B U dArasgnn e clesaa & | Fedt i e vaizha

arbmosrEt oo, mortoléddgicn vy Puancional es con@ldersdo como uns
erhers1dn del Siobaens Nervioso Cerbral (GNCY . En o ella, la baur it
aloarma Sun Fiveles de corcentraclon nas s lavardn @ o Er @l L G

corr o otros bejirdos e loso@
Morsles et al., 1972 Starr. 13

me arpoueinte s Erasanie (Fasantss -
F73) .

Las odlulas ague comstituven la reting =0 s Lmarertes ST
Lipos  de nedroras youn o de cdalula alial. Eprtre Las msrorn@s

se encusntran los fotorrecsphtores,  las oélulas  bopolarses,  las

e b

Fpor i momtales, la=s amaicriri&as v las cé&lulas garmslionares. b
pramates vy St &1 auUFos aruEos de peoen D Fa desorito un Saxto

Lipdo mEuaronsl deriomleudn oElul &
Ebvipemer, 1975 Dowling et &l.,1976).
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{(Diowlirea Y

La witoarguibectura de la retina e enouenbra organizacds an
motratoz  claramenbe dafinidos vy relativamente corebanbes en 1o
Alstinbos  arupos de vertebradoz.  Azi.  los cusrpos oslulares de

laz meuronas conshibuven las capass nuclearss S R TIA Trbesrrm Y

el o liglas  gar@aliconaraes, mizmtras  aue  lazs  monas dorads S
= hoabdl ecar AR L cotactos zindphticons oconformnar las CAEaRE
plesiformes externa & interna (Fia. 2.

Loz foborraceptores sa enousnbran localizedos en la zone 02
= gl N (T I la  camara ooular, e estrecho  conbteacto oon ol
epEpitello pilamnentarios  SWE somas Forman la capa rclaesr asbarns Y
sun bermimales establecss contacto sindeptico de tipo O TR (1 A o R ]
ios  procesos oe  las odlulas horizontalezs vy bipolares. Estas
COOEE A LR Jurbo oo las eztablecidas entre laz odlulas
b i morbales enbre si, definem la capa plesiformns wechar s, Lo
masrpoy mEaronales de laz calulas b Lzorntalaes, bipolarss ¥y
amacrinas copstituyaen la capa nuclear intarng, ¥V SUE combactos
sitapticos con las odlulas garmlionaras y antrea Z1a carrformar 1a
caps plexifoarms 1nterns. Er la zora méas intarma de la reblng. s
diztribaaye, e e bRanda dizoreta, el pericarion de Las mElulaz
QEaral 1ornares, cuycs axonas comzhilituyen el rervio ApEptaco o ViIA
afersnts oo la informacidr vigual hacia 1oz carrhros de ralavo
imtearacisan = 2l encefalo.

i
it

v

-

it

Las prifcipales células aliales de 1l Lam oElulas
e Mgl e, cUvas dimensiones aloanzan Ca 1

retins Son
£ = -
et LR . avterd i drdose desde la menbrana limitants N

-
ot

-

hevd

i

e Vitreo n 50 Zona mas 1ntertnad.

Er la retirns. la luz debe viajar a braves de las Capas nas
prmscimalas ambes  de aloanzar loS primeros alanertos ds la via
vizual, 3 decir log foborrecephbores. e acusrdo 2 59 ey Foloags s
vy fizsioloaia, ze distirauen dos bipos de calulas fotooemsililaes:
Vs coros.  gue  median la vicide en color y son funclonales o &

irberesldades de luz relabivamente altas, v los baztones, los

Ea
-

1
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SEGMENTOS
EXTERNOS

NUCLEAR EXTERNA

..

PLEXIFORME
EXTERNA

NUCLEAR INTERKNA':

PLEXIFORME | Y Py
INTERMA

GANGLIONARES

RERV1O OPTICO AP

Fig. 2.~ (A) Diagrama esquemStico de una retina de Vertebrado. Se muestra

la citoarquitectura organizada en bandas discretas las cuales se
sefnalan, Se identifican los diferentes tipos celulares:
Fotorreceptores, conos (C) v bastones (R); Células horizontales
(B); Células bipolares (B); C&lulas Ganglionares (G); Células
interplexiformes (I); Célula de Muller (M),

(B) Corte histoldgico de retina de sapo (Xenopus laevis) 641 X,

] .
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Tuales o Zon Tuanelomsales s Dagsee roteeres idachss e plumimses e oy

P e e Wb Areaes sensibllidsad & & v wer e ~azual (V1S T

SR TR ) . ooz diferarpmias spbrs las respusstas ol amboos tipos

e caber e partee &l Eaasrto fovbanzarz il
s e,

tablecsn ooy el recto ode eleperbos nedaromsles e la Frebins

(Barley . 1921).(Fig.3) |

R

e pPaeosphobaes S
ity L1maclo  Eor '

=

1

1%

it

gy oo al o patrdgr de D] LR o] Lo g

o ecstychos basados en los regizsteros antracslualares del
fotorraceptor, By demnostraodo gque durante la obscuridad 1
manbrata plasmatica de dste =a mnantiens despolarizada debido &
Lfa antracds contirus o romes sodio & mivel del segnaettad asterio,
dernomimada "corrilente absours ode soddio', Cudorndo La lum o irnTioks
=] w = los pilamshtos fotozetzsibles  alojados B 1o e A el w R
menbtarysos dael seamnantn ssharrnd, dicha corelents =8 SURrLime Y
ErovenTa g el Fotarrecsptor 22 hiperpolariocs (Yot kami vy
Hagins., 1973) . La raespussta oz foborreceptoras antae la
astimdlacidr luminosa poses las caracteristicas e un pobancial
oasterladn 1nkiba oo, ol unaE anplitud proporcional & la
heEns 1 add e ] estimalo. Esteas respusstas nunca B AR
Fotencialas de aooidrn. La reduaccidn de la corriente obscoura e
soodic =e produce primnarlanente por une disEninucidn de los maveles
e GMF ociclico, provozadas por la actividad de una fozsfodisstaraza
activada durante la fotosxcitazion (Farber vy Brown, 19720,

in

‘ i.-r.

L
o]

AT T~ [N Loz Mmecal=mos TLROE  qudé Sfedl & hdr &t 1 &

fotobramsducoidyn o S corodsEr oot emact i, wim nabe s B
clzcuridad &l esteado cecspalarizado del fotorrecestor Lleva &  una

liberacide sostanicda de wn bramsmisor desde =Sy tarminsal] sioAeb 1o
(Trifornov. 19633) . Eri mste ssenticdo, = b denocstracks g an
sdTancia  de lus, s prochlace wn aunento commicdaratile s el
Fecantio de las iculas sindpticas del receptor (Schasbher et
al., 1974), mientra Juie la pressncia de 1omss Mgt Corr, oy
Mear™, auiernas:s biloguean la liberacidn ce pegrotracsmnisorss por
iFteEr & i gl oS Flujos O £ calocio, (¥ ol T [ e 14FTE
Fiperpolarizacidn de  las  cElulas bhorizontales e Jarnte al
efacts fizioldgioo de la luz (Dowlima v Ripps, 19

Los  resultados anteriores, adenas de probar la liberaoion
PRl o = iz tbransmisor  proveniente de los Fotorraeoeptores,

Zidarerasr la naturaleza excitaodors del milzmd. Dtras asvidernoias o
apoyo  de tal propozicider incluayern la abservacidn de que, en

presencia de lux y cuando dizminuye la liberacidn dal tramzmisor,

codrre Wl ipcraenento o er la resistercia de la menbrana e las
cédlidlas bipolares v horizontalaes (Tomita, 19703 Nelszon, 197:3),
il icarnco aue  durarnte la aobscuricdad la coreductancia de las
memnbitarnas  postsinaptilicas =22 mayor, matibaemléandnsse & 0 S ver
decpolaricadas (Werblin, 1979).,

La  wnformnacide visual breaduzida al lerguadie de potarcialas
Fropagados, 23 transmnitida & lo larao de una via neurotal oenteal
constituida por loz fotorreceptorses,  las calulas bipolares vy las
gatmalionares, T ierdo mocdulads en la 1rtersaecolder oo 1los silstaemss
latarales de lasz megromss inhibildorazs: las odlulas horioonbales v
las anmacritnas. B oechtos plveles de la retina = estabdecern al

A il L S Y

a4 e A i PG
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Fig. 3.- Diagrama esquematico de un fotorreceptor de
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fetyns choE bipos ode circwrtos Iocsles, CEcia wurin e 1oy ouales
ppmdde Eer aotivacts o Histintas Caractbearisticaz del esstimalo
ViTiisl, toEr L et CoryEaa e e b . efaorto diferente g

sopeci Fios sobre la sersibilidad e la via oemitrsl.

1 electrorretimograma &5 &1 recsistro poblacionsl e 1&
activicdad sldcthrica dae la ratind. dareds la retima sz estamnudlada
por wn desteal o Lunrrices, we prochac e wnd cla rAR oA Y hegativeas

clerpomimacda onda Y&t e corresponds & la hapsrpolarizacidn de
los fotorrecephorass ta omds "&" ez seguids por ouna onda lenta,
che mayor anelituwd v osi1ang opuesto 1 lanada oncla Y, la cual e
crs@itiads aen las capaz inbternas cde la retins, Coy Frecusncla es
posible registrar una bercera dervlesidn bardia de curso Temnporad
iy lemto, g @s depernchiaente de i pressrelila del epitelio

Frlgmartarilo (Brows,  196e3),

) Tauwrina 21 la Retina
Fressncia v distribucidn

La  haurinsg e &l components nayoritario ode la  pos dw
Aamimcesidos Libres an la retina de todas las sspacias bhasta ahores
cotudl adas, coRgbituysndo del 40 51 S0% del cortaernico hotal. LUE
difersntes aestuadios acerca de la distribuacidn de la tauritna en la
retinE e VAFI&S SSpeaedlas Prar colncidaddos e oue i okes oonpaaesto
aloanTa L masimn e cmnaahtramién @ el estrato de los
fotorreceptores,  En ezpecies como 1 rata, &l gato y &l conelo,

la taurirna alcanza = ssta zorna celular valorses  particoylarmasntes
el evados del orcdern de S50 v hasta S0 kM, syparandoe & todos los

[

For
(Voaden =t al. . 1977 IR AT=12 al.. 1%73), Tals valoras
apraezsantan dael &0 al 70% del copterido total del amincdcido e
el tedido complato.,

TARBOS luw valores sstinados para las capas 1intaernas de la  rebing
t &

zal 1 zachs

Fetinag de Cinoo espeTies (1976). BEr dichas

lecid gus para  todas laz == T A
&

Eztoz  recsultadoz soln oornsistaentss oon oun sstuydio re
e () N 0 o SRV wed w3 2
1tverst L Qacidn =

ot
i

— [
i
e

i
14 !";

aotucd adas, 1oz vals = fiiads albtos e conpcentracidan e L1
corresponclian a las Capas naslear y plexiforms sxtarmms v & oz
correspotrdientes & senenhaos axtarnos & tnhertns Lanbien cde

-
i:l
—

&S
et al., 1976) . & dichribiaci e

oz fotorreceptoreas e

cliferencial g museztra la tawring s 1oz diferentes secstratos oe
la  retina, 2e Sugarapntee d@ quse las diztintas  pobilaciornes
celulares, Yo & slourmas estructuras de dastas, poedr 1ate hereay
diferesntes reoesidadss del aminoacido para sisrcar mornalmnenta sy

Furmc i dnr.

Acciormes de la taurirna enm la retina v funcionss propuecshtas

Como =2 mernsiaond, la aplicacidn lormboforetica de hauring
provoca wuhn efoecto deprasor de la actividad eldctrica sobre la
mayoria de  las newronas del SN, inclurda la retings e st
S asie, dicke efecha ze mamifilesta particularments zobvre La

m g;
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glicina, Mo se afecta por L& et imulacidn lunitoza, al menos Do

celulzs de las CaEpess I0TARPNEE, szvimadc por arndlizis del
elactrorretinoarans Fasantes-Morales et al.y 1w7ia),  bBeton
reziltades agnto s obres Ccoracoher iEticas del oomportantent Qe
1 & tautlh«, 'aleg cedna U Lifearac udn en pespaesta a0 edshamalos
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de Sxta, =) dsperidernsia 5l Almim, AT oo Lx
uxlatan 1 & da almfemag metabhdhl toos e Dl@:iﬂt“?li ook borarispear te

cor caracteristicss e alta afimidad (Fasantez-florales at. sl
1277 Lombardint . 1277) ., barr plamtexds 1a posibilzcad os 9w
1 =1
y

Aleko amincdcido pudiess participar en la flziologia de la retlng
CoIne U FeEurotramsmioor (Mandel et a&l. . 12760 Sin embarao 22 an
Fuziim L seda P e &S AV W 1= o Tl B 14 s, S QL Fi ST LY R
defimitivamente tal pozibilidad, bhan recrilentads Ta 1nvEsn ool 100
e el campo Pacizs la busaueda de funclones altarnativas, an

rarticulsr de  la poza de fotorreceptares, Jde  los cuslez Se
zuglers gque Liberan un tranzmnieor swxcitador yvoen Loz que, Como me
bré frsrnI 1 anado, la  taurina e encusntr proefarenci almanta

corpTaritracda,

51'

Taurina e Fotorreceptores

A pezar de las elavadas concettraciones de Daurlna prasantes

et o fotorreceptoes, s participacidn especifioa ar Lz
Fapridanatns guse & el log aourrer &R 25 1 ierta,

Loz &

stiuydios acetrca del efecto de la 1lumirneesider anbisatal
eobre =1 oop twnldn ce aminoacidos e la retina, hatn demosterado
1

e TR T ) B ponas de mlguﬂuz de 2lloe zorn afectadazs o 1as
cotvdiciarezs e luz linperante, Ery la retina de pollos asxpusstos &
Tuz corb inua, ool osyenelo, el GARA v la alicina incrementan sus
valores de cotcentracide cor respechto & los de arimal es
mertenidos  bajo wn ciclo regular  de obzourided-luz o o baJo
obzcuridad total.  La taurina, por sl contrario, e acundla en la

retira de  amimales zometidos a oboouridad  conbirda, I ol
suglere wra influsmcila divecta de la luz aobre el tamarso de 1&
pora retinal del oamninodcido (Fazantes-Moralaes et oal.. 19730,

Ey mzte serntido, e describildéd néds adelante que um eztimualo
Lumitosn  produss  una liberacise lents de tauring de la ratins
aizlada de pollo, sesuids corn brazadores radiosctivos (Fazante
Morales =t al., 1979y, Ezte miszmno efecho fud desorito an

I &
retims de la rata oy del corneElo, aurgues ool alauras  diferencias
cuantbitativas entre laz =sspacias (Schmidh, L9783 Nezal v Mazzey,
190, La 1liberacide de obros amnivoédcidos como =l GABA v &

laz condicictees  &n las 9w e movilizan laz puz 1T e fdurlﬂa
(Pazartes~Morales =t =2l.. 1979 .

E1l mavimisnto de taurina en respussta a la luz, disminuyse de
matisra importamnte & ausaencia de Lones calcio ane sl s 3,
axhracslular? =ity 2mbarac, algunos aget LS BE SO U
Bloguean  la  entrads de calolo a las oabh . coen el pojo e
rutenio o o2l verapamil, peeomocti Ficarn la salide dal  amiroaecido
(Lédpaz~-Colome =t al.. 1976),  Por el contrario, 1 liberacide e
taurima  1mducics gor wy eshimnulo despolarizante e %1 alnatydi
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Eor Cnmpleto por @ETOE M1Em0E aesntes  (Loper-tolom: o eh sl

T T I e TgE TAJDL ST L afmiten= @bl los s E R ] g DL L L =N

rezpueshas ol trarern o] IS &L Ems o Tiberaesisn ddeld
o ; i

SN m

=
Ao oy praablansnts dal Loous i) s e les da T 19

n determibacide el o =itilo de orrasn ds la pespuenta de 4
AL 18 & 1= oz, e A P T- B a T R En 1 Fresit S E ST L& R & R

.‘[‘

2 «hlwulhlwn%n e uma corrslaciden entre el Terdmend oy L Froceso
1%
Ly

e !

il édalen espata F oo Er Lits r IOeEr S S oo TIMEAS Lo, T T B v
=P L& prepmracién de zeamentos estarceos a1z laodos de
o recoptoras (ROST de ramns. La estimulaciorn lumirosa perocdiogs
. vmportante incremento en 1a

"?;.l.?

:"I" III I

=alioda o taoaring, SO T L
cursEn benporal Al Feramte 3l desor it Dara l& et lra TomnE laetia

(Saleeds et xl.. 1977), Pozteriormente e ubilizd unomodalo de
AegeriEr 2o idn selectiva Con ACldo Kainiao (Fazantezs-Moralas =t

al. . 1931, el cual dryectado inhraocularnsnte, [t T LI LinC- B W =)
Fotabls  redyccide a2 la poblacidn de varios Lhipos FeoLirorales 51m
afectar inportantansnte & otros, Ery &1 caso  del o pollcao e
particular, & laz doziz y birempos estabdec {dos en ese aestudio, el
cforts del bratamisrto 2o manl festd oomo WRE C1EMm I RUC e e mas
del S0Y del espesor de la retina, siendo las capas mas aractadas
1x plexiformne interna Faedueida am un S0% aproccimnadamnente, v o la
Fiae Lear interna. afectada en mads del 70X de su dimEnsEion o laitad
(Fazanteszs~Morales =t zl. 19=1).

;"‘!' -

ot ;{x

Er estas corvdicionss, la respusesta de la taurina & 1= luz rno

ly'z

= ovid modificacda por el tratamienho oo &oido Kadrl oo, iredicamco
aue dsta es oriloirada por agquellas células insenzibles al aqents
meurctdxico (Fasambes-Marales 2t al., 131, Los  estudios
autorradicaraficos acerca de la acumulacidn de Ladring en la
ratitig, Mar  demostracdo que  la marca radioactiva  se  localizs
erircipalmnents e los fotorreseptorss y o en menor grado 26 las
capas nuclear v plaexiforms internaz (Lml

at. &#l., 1977, un &lto
porcantais de las cuales 1 tratamiasmntos oo &oiddo
kaimlod, Coyvle v col, (1l

o

T ﬁ

g2 afecta por
73

ot

chzarvaromn que entre las distintas
sybpohlaciores  de  cElulas  amacrinas exizhe  una sesibll idad
diferencial al &cidos  HEainloos aparantamnarta, 1asz células
HARAErgicas vy colireralcas o come letanents destruidas por 2l
agernte  Peuarotedsl oo, misttras  ue aquellas  dopamirner[lcas 200
SIS sensibles, Luzan  erntornses, las celulas AMMETE LIMES
sobrevivientes &1 tratamiento probablemente son Adopamivdral Cas.

e EStHdln (Fasatity

v s.!
!.!1
1
t:]_l

lee et a&l., 1931), AP LIE

basdodosea e eviderzia 1n jlr'~ta myygiere =1 estrato e

Fotorrecsephores  cano posible *1f1n de origen de la liberacidn e

raurina  en respussta s un o estimalo lumincso. Fimalmente, b
=

—
v 1
., A

=
zerie  ode ezstudio
Fal VAaris
et Floansente

T apuntan
deod dde
ta  hrans

mi=mo Senticdo &l probarse Qe
ALz S cohceTe e blogusan
izidn zimdpbica mediada  por alicing.
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i
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GARA, aoetil colima, aci du azpArtico, Acido glubdanico asi aomo oe

alauras catecalaninas., fo nodifican sensiblemente la liberacion
de  taurina inducida por luz,  sugiriendo que esta respussia no

=zta& mediada por releves sindpticos (Salazar eb al., 19286).
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La Taurina v =1 Concepto de Estabilizadot Mambranal

] T e B 1oz problemss de fipo exper imoental YR i
ificultads  la  imvestigacyds oriantacds s astablecsr el papel
Fiziclédoion  oe la Leurins,; Fadtles = la resisharsis anberente &
Livg oragarilsmos a modl T

sugs mlvelses arptdasrens sl AMLEnIEes L .
Ern efaect, clhishintas ezp"ﬁlea privadas de taarine y/oo e 20
Erecurazores oan la dieha, en o wn inbento por odismicgd e 50 L v e
arrddgereas, mart Fiestzer  comno FESSPUEThE danEa estimulacidn de s
Maauinaria bDilosicmbébics paralels & una dizmiraeTldee 2n I tasa ol

macrenT1de via <1 siztems renal, i cietectarss mocdy Flosaciomes
nmpcrtantes e los nmivelas mq,mlee Do 10 R e 11] L LR i (Mo, 1957
Staurmar, 1973, Taualmente 1t fructunsas bt Sl W D BT
suplensrtaciones  excesivas  de  Lawrina por chiferentes VIAT de
admirml =t a1 2y las U Eﬁlm e prochyoe (R T = Tl R
frampsitoric  am la comcentracidrn circulamte del  amirncdcldo, 1&
cusl ez restauradz rapidaments  por uba tasa  de Ssorecidn

T
irncrsnetntada (Sturmar, 19730,

Dueda clare apboress gues la mavyoria de oS crgarnisnos Rhe

T, VST &
abora  estudiados  posesn uns anplila capacidad de combrol o de zus
triveles enddasnos de Laur 1nia, loe cualss  =omn Fialcdamernite
marberiidos & hravés ode modificaciones en SusE basaz: de sintesis v
I o8 =Tl W) o I8 Samajarithe  conbrol, por obra  parie, pondr s estar

wfafizaﬂda la 1mportarncia aOue  bisms 2l amincacido an

,-1- |l ]
i

14 ia e los tejidos. imporbancia que apenas raclantameat
= :mplaza ®5ocamprreruder,

Estudios in vivo

E£1 corioepto ce aethabilizador  de membirooess, i by sk
imiciglmente para  la  taurina por Hustable &l describilr Sus
afectos  am corazdn (Husxtabkle v o Brezsler, 1973, vino &  sar
ratamacds o ba 2 =1

!.! 11

2 e 1oz estudios ern andimales  deflcliesnbes
taurita auws =e describen inmediabansrte,

Bl primer disefo sxperinental esitoso en Lac modi Friocacidn s
o G

1os mivelss tisulares de taurine in vive, fud realizado por Hayes
v col abaradores b il 1 zarnddo &l aat TN e Lo a I
s Tt a1 S, Exta ezpe i pases  una pobee  capacidad o
sirbesls ezl aminoacido vy  depands en AN e 1ada el
sbaztecinisnto SHOErG, a5 braves de la diseta, pars cubrir zus
eagquezr imientos de  taurima. Dono 52 ha merzionaco, el tegichs

musedlar =T rioo oern Laoar 1hE, por 1o e &l oaabto Coms CEERLVOrG
Fakidral oue es, ohtisme zuficiente tauring & travéasz del slimnenbto.

U bratamiernts ool ouans dista deficiente  dnboadesintes @

faurina, suplementada con cassing coms fusmtse probelca, Er b 3o
UPE disnirdcion progreziva e 1oz niveles enddasnos tisi)lares e
taurina =in afsctar 1oz e obrozs aminocdcidos (Haywes et &l..,

197%&) . Faralelams=nts &
mor foldailcazs 20 L&
fot.ort t-»u‘“F-'F:f‘n 3 o =Ll l-‘—"':‘-:.'f: IR T
membranal s SUE 26

stez camnbios, se detectarorn alhberaciornes
particularmante a nmivel de  log
sabart inchamiento Y o desorQanl Tas1on
HETEP DS, Iy oTomn vasitoulacidn Y
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=
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s rmiular, Fry oetzpEpat  posteriores &l teataunentang, Las
sltaradlore 1rctuiay &l ssamesto ieterno Yy & la regiden rdd Dasr

DR Loz rnfurtwaw'!urw~ (Haves =2t al., 197550 Sobn ot et sl
YR7e), Fotoz efectos corralacionaban seta=factor anente Ton 1oz
raagretros de la acithividad eléacor oz, sy cdorchs oo obEmar vl s
Alemimuc i progresiva o la anelibtud del slechrarretindedr &mE.  en
particdlae de s oreda Uat del mismo Schadt o eboa&l.. 1977).

La pralommacidn del trabamlaento por varlos mESes, U] T L8 B BOCHE
E Rrogresiva desestabilizacidry del fotoresosptog, LEva Lo e aredo
sxtrgertigran mas imternaes v desenbocsedn Firnelmenthes an 1 TIIRLE] k=

celiglar v oo ssta, la pérdids rreverzible ode la funcids vizual
(Havez et al., 1275a:; Sohmidh et al.. 19760 .

For atra part

iy fod demnostracds Qe =1 os)l tratamiaento S
suspetdia e wn eshadlo intermedio oe la degsneracidn raetinal,
zup lamnertiandoze . la dista  con Lauring, laz  alteraiones =
detemiarn obteridsndozss la reversidn comnpleta del efacto, 1o odal
o = obmeryvd a2l syshituir la taurisa por obros o aminddc s,
i ldicdos sus precirsores e las rubaz metabdlicas mas Comuanas de
o iozintesis (Hayss et al. 137550

E= importante cdemashrar  gue la Falaoide Ft e =3
manteninisnto de  concentracionss fisioldglcas de taurinag =20 la
retims Y la inteoridad de la estructura del foborerecsptor es un
Ferdmarn  gerneral. oue asplicaria la  pressncia constante de
cormentracions:s elevadas del amincdcido &n losg fotorreceptbores de

£
1

todas lazs  espacias, imdeperdl et aenente e los mecarnismoz de
aproavisionamliento de Lazouarima =20 la retins

i

Las fusmtes de abashtscimiento de taurina para los divarsos

&
nmparewteﬁ celulares e la retims no S CorpmIar Con prﬁaiciﬂr

E;tu ar cilierto on particdlar para la poza de 1oz fotorrecaeptore

2 dorde la taurine =se concentra preferencialnents e comparaﬂlun
oo estratos méds internos de la rebima. Sin enbarao, las  amsinas
responsables de la =zimtezis del amirnoacicdo e encusentran adsstntes
che la barda de celulasz Fmt:se|d1blwﬂ v & localirza principalments
S reEgiores comno las capazs nuclsar oy ple=iForme internas (Ma bl

’:.".:'t t‘.:l].u:l 1:7’7.-')-

Faor el contrario, el traszports ecdgeno de taurins al

1mber 1o calular al parecer acurte princliealmnentae s 1o
Fotorrarﬁrfn =L Er zztigdios  autorradioor&dficos 00 o U N ad =Y Tt o
Laurima radinactiva, ha sido posible obesasrvar oo la dens idad de
marca acumulada por las cdlulaz fobtosenzsibles supsra e todos Loz
casoT & la retemida en los sstratozs internos de la retina (L.abse
wh al., 19772 ., La determnitsesidn de marcs radioachiva e las
dlztintas bandas celuylares utilizando téchicas os microdisscoldn,
cotifirma los datos amteriors:s anplilandolos para asspeciss comos la

Farns, =l gato v la rata (Kenmrnedy vy Vmadwn, 1974 Schmicdt, 19510,

For abtra  parte.  los estudicos tendientes a  aevaluar  la
capacidad de biosintesziszs de taurira por la rebina, ha o mostrado
que  las  enzimas involucradazs o oen la rata mehabolics aEhan
presentes an ese tejldo en varias especies (Fa anfw”MMurmleg et

o
Cii
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mLoal, . 177 Macag obes & &b, . 19500, Se e demozbracts 1reZ s
Spge e Pooaneemer i Sachos e et i;E sE pmﬂlbl@ cbmaEr VAR LA TOrmans o
e Raudrima & Partir de C1Ehelni radloectiva (Mizhitma =t Fle s
Ly, Iw izl Eep b gy e ueE ey idanmia dnyrantx T ] 1=
fopotobia l 1adad iz la va1&. L1y amiEr 3, Tag Capaaryctadd e
oz intasis e oy el AL oS 1ok, Sl PEETAEr e BT UNa
marazcteristica g todos los tipos oslularss Oes Yaopetits., SE1. T
vz demestracdo er ranlnas mlorodlsacadaz, que ba DACS, ST L e
Pimrhants  de 1a viag, e afcuanty s rwdnwlnmnfwmwnf Lr"'lx*ud%,
Sty las rcapaz 1nternas de 1a retlnm, oLt &8 R g i
Fracticamente susente an wl prbyraten gus pErEdd 3 rosmerte Conl e
L& D Fatiimal mayor el BM DRI, e T Loz
fotorreceptares (Mathur et al., 1¥ze),

Lim  amberior bBa sido confirmado & entopdios e Lo Jque,
o 3t IR e obtensr la DALY mamlpur 1T 1 oadss, faeg posibl e
desarrallar antliclErpos adn] R 3 0 a- =l la, = diztribuc1on
intrarretimal de la DACS estimada por 1ol S o quid mica, ot
sy praedomipancia e los estratos inbaeroos A la rebiana, Eve la
retina de comejo, la enrima fud localizads primcipalnents an las
capas  Puclear woabsrna vy oan la de células garmalionarss miantras
Qe en la retina de rata su predominancia s& =itud amn la el
plewiforme intaerns, En anbos Cazos, la DACS =a obhserva, ot forna
ol istente,  en la  reaiorn ruclesar de los fotorrecepboras,
misrtras que 2n redionss coms Loz seansnhtos ihberren Yy extarrn de
sotas  mizmas odlulas, la ernzima 2zhd prAdctlcanants adsante (Lity
nt @l 1),

S

;";

Eztms resulbados estan en concordancia vy oss complamantan oo
mquwlln" cbtenidos  en rebinas degeneradas. tanto genetica oani
Purlmwﬂfdlm&HfH~ Sl dorids la  auserncia  del  eztrato e
futurrwﬂEPtut_; disminuye considerablemsmte &l bransporte e
faurina de alta afinidad (Hameedy v VYoader, 1974; Salosda eb sl
1979) . Lusgo entorcess, el manteniniento de la poza endoegens e
faudr 1nE 21 laz celulas fotosenzibles, =F=F ool chaparcler
Furdamertal merte del aporte exdasno y no de la sintesis 1n silbu.

b

g‘{s H‘l

HO

El =1

1
prooesn act

e e o

mhema  de  bransporte de
L1V, depstrdiente de ’:‘:,v:*dil
compenentes que ol fleren Ffumdaman

CirEtlcas. Musestra ur alto arada Je K P 1F1n idad vy as iﬂhlbldu
unlﬁdmmltm pol aralogos estructurales cetrachamaents Falacionacdos
cor =2 subistrato, Eptre eshos conpusstas N P duccr1+u e el

i

ad

3
anariidinosatanosul fonato (GES)  inhibe eficisntaenants 2] transporte
de  taurims et berminales rerviosss alsladas (Hruska et =

1972 .

Er o oastudlo post eriar, trabadarcdn 2n o um siztema in vivao
cor amplia capacidad ode sintesiz de rarita come 23 el dde los
tejidos de la rata, =2 demosted gue un tratamiarto rrﬂﬂico_ nduly
GES o capas o producir wun decramereo substancial = los mivelasz
mrddgenos de baurina en difarentes A AarE, 1 Loy srpdo el
coraTan, @l higndo, el pdledn vy el mvisculo esoques st yoo,  &210 oD
variazs regiormes del SHD (Hustable et &l L1973) .
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ern eshraladls @upar tmsntal, Sus oy Onra poagt b o mencdt T lena
T FrrveElaes che el oh e Bl de 10, CoF RS L Iﬂr‘:‘tfjnihil zoetyTa L
el saotamierton e TEar LA S U Rl B W=c () pemina ezt R CE N R =

el Frosr on mivelss tioulares dael afn Lo oo,

AELIAL BN, =z hMa chzervacds  en diferentes @2pellas La
capacicad  de la E-zlanins taniloqo caprbimad Vion oe la baurins)? ds
moviliTar las poras inbracebualares ode taurinag. La T [TV AR o ol W]

Ade PB-zlanires por via ipbraper i bormesl caral o suboutdrsa 2n rabis.
aborees cobiay s, proediiTe sec"umuntm ey los miveles anddgenos
Ade Laurins. enconbrindose diferencias entre enpalles AT SO LFiE
cafeibl fidad difarencial al coppuaeszto enbre los digtintos orgsaenns
EEtHdlmdu‘ Eri 1z rata on particular,. =2 ha encoptesads guse 1
admimistracidrn  inbtraperitonzal de PB-alaming resulta ger la  mas
afachiva patra  redacir laz pozzs de  Laurina, Fegiehrdndases
zimultareansnte un lnportante lncremento 20 1a taza de s b e 1ihiy
del aminoéacido (Shaffar vy Eogsis, 17312,

Copy estos antecadenta e rexlizaron mAs sodelarte estudios
terndientes & evaluar =1 ldm coPsaruercian delaetdrans Jdesoritas en
la retima de gatoes defircientss en tauring pudigsen oCurelr
Fambicrn e uhe  ecpecie con anplia capacidad de zintezls Je= 1
SN Y D ST dm, aE decir, motab lecar e oque medida 1oz resulbtados
cbservados e el gats correspordian & Wme respussta enper i Flos o
21 pudisss ser un efecto aplicable a otras ST R IEE,

Ani, an wm o estudic inicial con ratas tratadas Con GES, Tk
Adomostrd gque  dicho trabtamisnto producia, paralalamente & una
Feduecide parcial oe las pozas retimales de tauarivg, alber =l Enl A T30
cr @l electrorretimoarama gue  conslshian DAsicamente a8 un
Foetraso e la aparicide de las ondas Ya" oy "RY, BTl O &
clizsmirass1dn getier sl 1 rads ey la anplitud de laz TEa )l wE
eléctricas, Dichos cambios e detectaron cuancdo el comberidoe del
amifoacide =m0 la  rFetine habia sido abatido e2n oun 40% (e,

K=
1

19ai). Mz acdsl ante, y utilizando 1a Ml sna et atagl &
soperinental, pudo demozbrarse wana degenaracion zelachiva de 1oz
fotorreceptoras cuya  apariencia  hilztopatoldglca, o = E =T Wal
TLEmEr & Yy  aSPa "ial Feproducian estrachansntea 2] Lol I F=1000
Aegenerative  descrito sn loz gstos deficilentes an BELE TR
(Fazantez-Morales et &l 1'753) . Ademas. e dencztrd que la -
alarming  produsse  tambidn uma  reduccidn enn log mlveles e L
amnimodcidn = la retina. azi como la desestabilizacide e log

fotorracaphores (Pazdrte ~Morales et &l., 1983 . De L W e

Fesultados =2 obbuve la conclusidn de gue  cualauler  estratagia
ewpar imenhal  guse comllevase ana Arzmiriacidn de los milvelsas de
Faurina = log fotorrecepborss, por debajo dsouan nivial (o T W W
daria  lugar & =u dezestabillizacidn, Y O BUIEria AEIMISHG U
patticipacidrn de 1a talrlhu e o=l marntenimiento de la estructuara
vy Tuhncidy de estas

Egtudios irn vitro

E1  concepto de estabilizador de menbranas para la taurima,
Ze vid apoyvado mas adelanbe por Ana Serle e 1nveshigaciorss gusE
moctraban  la capacidad  estabalizante del amincdsidn 2N s

K
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CEER&r AT T e magmiehon s baryao® sl lados = fotorpreoaotor s
RIS ZEELE RO & Ryl Elaty LA =T e ntul e b Wl Wai] TR
st b a laes gus peochierar dato e luilar oy Taniiioes pro s S
Pa o oalta aorganizaciast aorfoldgicas e estas estyrupshiaras,

Iraciztments e dezaribads aue la espasicices de las KRG &
pluminaciorr coarnmtiraga v o dde alia 1utmr Cldeed CGOnd Lo, THRAER LA
dezoraxmiTacidry e estx: estructuras e paners depencddients del
Toiwmps de exposicida,. [respigdzs e 2 boraz de Lluminacidrn, Los ROS
apzrecer hinchados vy o ban perdids so Forme reaular o lamde o,

miantras Qe 1oz disoos memibr arosos R o a Tl il bamenta
Sgarlzados en IondlClones normales,  S5e obEaervan prﬁfunﬁ&mmnta
deoor tantiedos (FPasarmtaez-Porales =2t al.., 1931). s prezencia de
taurina . =n el medio de ircubacl S, il oA T [ "melwfﬁmwhtv =1
FarcdpsEtis, consaervarids intearoz los ROS ¢ incluso prasecvandoloas
&y mejores cordlclones que aausel loas manterlidos e la absaourrdad
(Pasartes-pMorales et al.. L3R1), |

-

Htra g w T b Wl Rl (I proadiice ' =TT celular & 1o
Fotorracsptores tanbto 1h Vivo Ccoms i vibro, 25 la expozicidn del
tegjids & =zales de Fierros w0 obrozs sishenas  generadores de

radicales libres., B la preparacidan de ROS aizladsxs, la presencia
de sulfato farroza provoca &0 posod mitndbos el hairnchamiento de
as aeztructurazs fotozernzibles v o alto grada de dasorgaamizaci o
tembransl, proplciands la  formacidern oe agreagsdos o RO

rnfunddmwnfw alterados. La presencia de taurina por s1 3ala en
el medico  de incubscider no o previens la  dezestabalizacidm: 51t
smbatrac e presemcia Jde Dne 2l cual por =21 omizmo tampoco nusstira
e efecto, s& obbtiene una efectiva proteccide de més del 30K

e lazs smetructuras en la preparacidn (Fasantez-Morales v Crus,
17&84) .

Loz mecariismos ques subwvacsn al  efecto protector de la
taurita zabre la sstructura ode los fotorreceptorses e son Claros,
e los dos siztamnas praviamshbe dQC:rlhuﬁ, la exposicidn a luz vy
Featr, sa bha propedesho gue la peroxidacidn lipidica podria zer 2l
prmceﬁn VQSF‘Hnﬁtlé dex 1& altwrariun menbransl. Con respecto al
Primet e bhar establaecido correlaciones en 2studlos 10 VIV,

artr e wl Haris prmﬂu- icds por la luz oy ouma reduaocidin et el
corbenids de Acidos grazos poliinsaturados, los cualezs =00 &
substrata quimicos e las reacciones de lipaperosxidacidm, R84 oo
con la formacion de radicales perdsido (Kagan eh al., 13732
Wisgarnd =t al,, 1982, Ern la preparacidn de ROS zislados, 1a&
Exposicidn & la  luz  produacs wn lncremsnto s la tasa e

parosidacidtn lipidica, 2l cual o ze obeserva e presencia o
taurina (FPazantes~-Morales v Crue, 1f34}, de dorde s podria
P& que &l cobpuesto pudiese sstar actuando 111 0 LAY
antioxidante:s Zim  amnbaran, cuando e wsstind i taza e
perosxidacidr e ROS sxpuestos a swlfato ferroso, la tarins mo
Frevite la reaccidn gquinlca, Rpero fudg capdas e mantenstr sstabdls
la sztruztura (Fazantes-Morales vy Crus, 19E4) .,

[va  wmstos rezsultados =e concluyd Qo = o=l omocdelo e daRo
celular por Lz, 3 R >l w Dn = L o llpopermxzdaciam Tt B Y ol o=
pocteriormente a 1z dessstabilizacides estructural. R, 1a

- mea . wm
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w Odarmo oelul ar. = Laur 1A prevercdria eshads P ST YT @l
cormiterirls s=talnilidad = e mztructura = i il e pdo =T
TS S USe Il &S TS 1 & . Lo capac-idad  de 1 tauirins (e 1=

vtabklizar la  estracturs vy oraanifacidan e 1oz ROS, 70 SRR Y

Posd]
s

byl

CRPAT d2 prevenir la lilpoperosidaciom, 2T TUaE P 1da 3E1MISN0,  Por
1oz resyltadens obbtenidos en 2l modelo del sul fato Farcroso.

- e MmeEcaritSnos Qe pode tan subyacer s et
BT .

= 1 =

mfortas  de la taurina,. 2o han oonstderads varias posiollida

e de ihnbteres, por edemnplo. gue tanbo oer el modslo de exposi

o la lur come & la zal de fisrro., la presencia de albam
efoctos similares & 1oz de la tauring,

proteia la wstructura vy o aevite 1 &
1 Crsnentads de

irma LaEnaa

decir, &m0 Primero
wpresidr de una Lasa
ero=idacidr lipidica, misntras ause en el Zeaundo

soztabilicos la  estructura  celular @ian cuando la parowidacidn

il

ot

seurFa. Muckhos de 1oz efectos de la albdming &n Praparaciones 1
vitro  ze  han o abtribuldo & su capacided de unlr Aidos gras0sE
litres, por 1o gue e considera que uea liberacidn de 2zidos
grazsos libres  durants la faze imicial ode desastabililzacsids
celular, podria ser el svento dis

Gz explicarian lag altas peroxidacidrn liprdica. En osste
et ldd, ol la posibilidad de gue la proteccidn por Laaring
armts la deceztabiliracidérn celular v las reacciones perosidativas,
mpere tanbidén via una interaccidn con dcidos grasos libres. Tal
irteracclde podr 1 & COTUNE L Thdirectanerte & Lraves e -
tiramspotrbador  memnbranal del amiroédacicdn, del ocual s2 ha st aado
aue =s altamente =zuzceptible a ser modificado &l Canbiar 1 &
mompoEloldan de  Acidos  arasos  poliinsaturados oan céalulas e
retinchlastomna (Yorsk et al.. 192247,
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Altarmativamerte, la taurima podria ejercosr aus efectos por
medio de modificaciones em la perosabllidad menteanal a distl
1ewes,  La tauring e capsdz de podificar la umidn de caldio &
memblanas de Feting incrensnteandn su bransporte  dependiente de
ATF o  blogqueands su permeabilidad pasiva  (Fazantas-Morales et
&l 1279 Fezantsz-Morales, 1asiy . Err ROS  enpuestos &
Lluminacidn continua en particular,  la taurinag  dizmiruye  la
antrada de birocarbonato vy aaus proplciada por la luz. Poromedio de
@stas aloloneEs, la  faurina  podria controlas o modalar 1a

PR s

alteradas, por aiemnelo. por svantos de Lipoparosidacide.,

el ol A = e It 1d1ea v la entrada exoeiiva o= b= [ T Err ey sras
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' M=l Ay DT e, T s Loz L= B s T
N s Dorn sbopmdante de Laurinae Sin embargo, dads 1o

CoREt lexs =

mato tobal dsl sy ielo er Caomimar TS Co e de ﬁrm%, Pt e JemE b
=] feyrado FeErvIoso oo 2l FeRpstioo, 1a pos muaculmr o G2 o1 1 ol § 0
viere 5 omer el barminos absolutoz ba mayor an los teludos de Lo
vertebrados, E1 coptanids de taurina e cads e e 1o tipos g
Faxdicdo muscular 923 heteroosmes, yva gase sxishe wna avan difersnTia
srbre el tejildo cardiaco v o la musculatura lisa o szquelabica, Er
= FeaThio, misrtras aus la pora caodiaca dae tauring =2 ha ezt imaals
gue cscila aentre laz dishtintas szpaecles e@n unsa 2adala de 3 rE st
40 (Hus<tat s, 197£) 2l conbamido del amiresacido s la

mdzeculatra esqueldtica 22 ba Situado entre 10y 10 b (dacobsen v
smilth, P2A5) . La pora de tadrivea =n la muscualatuara lisa bBa zido
1a meros estudiladsa: =1 embarao alaunos reportes permniten S1buar
1z  sbundarcia del amniroscicdo @eoun rarao 31milar al del masculs
azopgsléet oo,

{teanda la rmotabtlae abumdapcia de la taaring en 2l corasarn e
ary clencds constl tuys en promedio el

todaz laz espaecies sstudiadas,

S0v del  conbtericdo total de amincdcidos litwres 2300 SR e w] 1) T SRR R T ¥
diverzidad de efectos  farmaooldsicos del amincdcido sobre la
fursidr de esthe Sraarnd, dzthe bha s1do con nucho 2l zistena mas
o tindl ado,

Bicsintasis

ke otras peculiaridadesz, e ha observado que en el corazorn, la
via metabdlica de biosimtesis de taurina, cesorita vy confirmnads
el diverzos tejidos rmcluysads el carenro v el hidgado. al paracar
fo s operante,. Eroefecto, la ruta gue irvolucra la oxidacidn s de
clzsteilrna =) Lo W D clsteEit il fFitiiao Y ia P et 1o
descarbosilacidtn  de  dste & hipotautring, e e poedido S
clemostraca S 2l corazman. B particular, =) actividad
dexsoat

el lamte o la DACS, paso limitantse de la  via, o Pk
2jilddn cardiamg e la rata, el parro v =} Qatad

e Tt s Yo Tt
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Jacobsern vy Smlths, 1363 19E4), rezsultados  confirmacias mas
Faciertenerts por obroz adbores (Yamaguchli et al.. 1973). |
Alternativamnents, s ha propussho gue la casteaminsa podriag ser el
ibaermediario antre la  cigshtaeirna v la  hipotauur i, (= Via
irvolusraria srtonces la  descarboxilacidr de la crzhtaina &
cleteaming asi oono la posterior oxidacién Jde o esta para dar
Fipotadrina. Dezde el ircio de loz PAD era coonaclddo gue e pocd &
ubfwnw taurima  marcada inyectarndo  clsteaning radicactiva,

ceteriarmenta, T dwmn"frn et &=l rifdt la  praezencla chix an&E
erTinag, la cisteaning diosigenasa, capadz de convertlr cleteamlmi
e Pipehbaurins (Cavaellimi et a2l.. 1961 . Las achividad de  =ssha
srTima fus mas tarde oncortrads en el corazdn de VAP LIRS espacias

(Dupré v De Maroo, 19647 Hustalle v Braessler, 19760 .

Grtualmnemts e comsiders aus e el corazdn el precursor e
& ci:teamina* temrlarndo A 1a bPapoteaar ime T
il BN,

la taudrina e= 1
1 “omoatr =1 arigen metabedl 100

- g e

i | Sy S,
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cla la Croteamitia. o ossthe santldo, Se oonsiadera mudy Eeolatile que
Lotz provenas de e orstaina, audmaus Lal o hramsforpacicor na Tasse
clirescta & ibvalidora®se VEPIOT D Rasosn 1t mec L CHpst b ey

Hireszler, 12760,
Madificaciones de la Fora Cardiaca de Taurina

T T w Dl ] Rl o = =Y o B v b jidos, la pora cardlacs dde TaUPINS s
pstente & modiflocar 3w bamaso antae uma diverzsiodad

Ty IS =T D o =1 B

de  condlolones exper inentales,. Una dists defilciente en vitamir

Be  doofzctor de  la mayoria de laz dezcartoosllasaz) o una

suplementada con tauring, mo onodifican substancialmente la poza

el EM1nodes oo S SE A IS, 1373 s tampooza 1o heecer &1 syl

(Qwapmra. 1'95e) la Mipofizasctomnia,  la  adranelectani s 1 &
stractin o lza admimlztbracide de estrdgernos (Hustabdl e, 137b},

B conmtrazts, log miveles de taurina e ancranetban charantes
ure Falla cardiacs comgestivea, tanbo 1noucida &:pwrlmun_hlmwnfw
&t parroz (Petereon et oal. . 1973) comno sn pacientes al lecido:
Faxt 2E& Cauza (Hustable v Brezzler, 1974 a.b). La Falla cardiaca
Cﬁhgéit 1va &% Carsacherirzads por unea heertofla moscualar, U e
sl cazmn del modelo experimsental provoca un inoremnento e peso del
tej1do de um 100Xy an ezhas Ccondiciores, la  concantraclan dae
taurina =& ve ncramsntada casl 4 veoes (Faeterson ebh o al., 1973).
Maz  &arn, &r rataz hipertensas ety donde bambaer se olhEerva wnE
Fiipertrofia cardiaca mwdlmna. nDed | o o T T o B O o =T = L 1 !

&
contenido de tarina del 100K, g1 detactarse Cambao en las pozas
e otros tejidos (Hustable v Breszler, 197420,

Oros e

:'f'

Wdios har suasrido hambiad g uma carrelacide arbres
mamkilos @t la masa muscular cardiaca v el comtenido o LEaUr Ln&,
incluyerndo atrofias cardiacas vy Wha redugoecidsy reeha an

cottatids del amirmdacido, aurequee ss bha ool luido gus los cambios
ety la poza ode taurina siempre son secundarios a los de la mass

m
I

muzcular (Hustabhle, 1978, =23 decir, TEP L& PFOCesns  Saecurclar ios
g2l procesn pabtoldégico, M&s QuUe CaUZ&RIES.

Efectos Fi

n

icldédgicos v Farmacoldédgicos

e tauwrine  adiminlzbtrads 10 VIV 0 REOVIOCE REr B BLeeguarn
cambro o&2n =1 ritomo cardiaco, la presidr sanguirnsa o sabre &l ol
pardmetroe  del alectrocardiograma. Sir oemnbargo, en Jdistintas
condiciores patoldglicas &s capar de preveritr vy & reverbaly
alaunas aexpresloress cardiacas abornales. A1, uma do=ziz de 0.

mmolas/Fa &t EerrDE, prﬁv1 S &) desartallo e CDHFFamuIHHwL
vertricdlares bempranas  inducidas por digoxima o eplinefrina,
miamhras Que & dosis mayorss puaeds reverhilr las  ya  asxiztenbes
(Razad vy Welty, 19363). Adaeméa=z, la prasercia de baurita pravisres la
perrcdida de potazio airducicda por sstos mismos aoasnhbes e rebanadas
clhe corazdn de paerro, aziooomng s 2l coramder complaeto expagssto &
gpanefrina (Read vy Welty, 1963).

“mictay mochdlador e la taurina sobrs la salida e
ha cibvsarvacds tambian e 2l corazdn ai1slacdo cde oobayo,
s idey el AEEnD o UEe mecd 1o Libre el =20 0 R

F‘u__l‘f‘c_-q
corcla par
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PP Ty T T Tl fnenrad i lA iyl ac v it i b as . NI = Tem b o
RNAVACSS A S W ies T loegsnedan En prasaernTia che taurainzs Oharmoy et =2l
Pty

it ras SACTCT Y T el XTI 2 DT L A D ST vz} Sl W W 1t

cardlovasoul ar e bty e efecnn anbisar e Lhm g Bl e Ee s Lo
(N1 bRl EmD poEltivo 2 DEaIes ConcEntE T L oreEs e s lolo Lt
1T
pohencliaciorn del o irobropisno prodacads por dravtalrdoz, aza eI
poclornsEs . protectoras o estabil liTtarmtes de la Tumcldry SAPOLSCH,
ConyT A&l mntaQanlzng & b 1lamada "caracdals del calbois?t o el

Pt &g

Yy
ROt oplSms negative & 0 comcentraclorees alevadas adsl o aad

o=l Jecarrollo de lesicres Cardiomiliopaticas g
mobretarga de caloilo (Revisado en Husbable vy Sebring, 19330,

i ‘.[i

El efsects  imotrdplco pozitive de la taurina ba £ ol
obzaervado en difersntes espacles v 29 al parecsr, dependients de
la ooncentracion extracelular de caloic habre. En efecto, en el
G de  cobayo, una oorncentracidn bega ds calaia (.S i),
provoera wnobrapisms peastlvo, &2l cual o =e ve  amireoradclo =Tl
prezerpsia o taurina (Dietrick v Diacorno, 19710, Dtros estodios
demiestran nd:s directansnhe esta ralacidny en orasone:s alslados
e zapo Yy oobayo &a51 cono an Secciorees lomaituctinales o e
vertriculo  de cobavo, e bha observado claraments que el aefectao
irotrdapicn de la taurina se ve acenbuads cdando la corcenbrac ion

g
ot as

-

A calcio extertn e reduce de 2.5 a 0,5 mh (Readd et al., 1m0

thatter =t al., 191 s Framzomy =t al.. 1932 &, T LITIE

a1 invercsamnesnte praoporcianal s2snbtre 1a intenzidad de 1a
Fusrza dezarrollada v o la concertracidn del catidn (Fhatter at
) L

For obtra  parte,. diversos reportes  coincldssn en aus 1a
taurina potercila 21l imotroplsmsy positivo incducido por digital rdos
oo la ouabaima (Diletrickh vy DMacono, 19271) o la sstrofantina-k

(Guiicdottl et a&l.. 1971) emn el corazdn oe Cobayo. ASIMISIG, e han
descriteo efectos similares en 2l corasdn de perros (Lolara et
al., 19733 Chazov, et al., 1974). Ern eztozs esbudiozs, cuarnds 5@ bha
avaluads la participaciden sl calocio, de rusevo Sa obesrva auae log

wfartaz de la taurina e potencian & concentraciornss bajas el
crat 1dr,

£1 ferndmeno corocido como la "paradola del caloio” ze reflere &
las alteracsiones que oowrren cuando e perfurndes wn coraads Cor W
maedico  libre  de calocio vy se expors de mpaevo a concantraliones
fiziolédgicas Jdel catidn.  En estas condiciones se prodace an olaio
celular  debido &l parecer a un incrsnento en la pernzatd lidad e
la  menbrams celular, 1o owal provoca una sobrecaras reta oe
caloio, Sobre  aeste fendpent 52 ha reportado que,  an E2ecclones
lomaitudinales  de vertricwlo de cobayo, la prezencia de tauring
durante =21 par

iodo de reparfusidn incrensnta la velogidad  ode
Fecuperacidn de la fusrra conbractil (olara =t ®l, 1975 Kramer
ezt oal, . 1981), '

o,

Loz diztimtos  aefectos cardiovasculars:s de la  bauring han
=zido Explicados, e a0 mereor medlda, = tracvds  ode sys
. 11

aociorees solhere Lo movimientos v/ unildédn de caloia & i

RaE 2y
e Tra
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sppemTl T LI &t Loe meembrainsg plasmnat o, Fenres osstos, Cand e A
doscribe e el corazan airslacds oe oobayo., que ls o preEfiencla 0 L
Farite en o siatems ohe snper Tus e s PRI A la  zalida  de
caloio ami moins 2w ocognnami ok celalar (Dolars et ala.. 1271, BEstosz
Fesiltados fusrorn posher pormernte conflraadas en 2l ooramo e 1A

rats  utilizands caloio radioactiyve (Chabb oy | IR S oS o 197720,
it lencdose s 1a Daur 1RE Rravioenla un 1t aenpenne st e haza de
tratmeportes oe caloio,

Er  cugerho z 1oz estudios de unddn de caloio & la menbrans
Flazmatica  (plasmalama), los resultados sobre el efecto de la
baurima son dlversos yoen ocasiones divergentes: sinoanbaras yode
marers Similar & leo abservedo amn el inotropizmno, 1& cirecoid el
e et (iperamerto o disminucidn de la anlor) depends e aran
medids de las concenbracionss de Caloio axtraceliular anplaadas an
cada sstudia, AS1, whraoelulares hajas  del
catide 0 0.5 mbt) . la tadrirms ircraemnsnts la wnidm de caloio 2m
membo anas de corazon oe zmapos (Read et a&l., paEn) . rabta (Huastbable
y  Sabrired, 13983) ., hamster (Welty vy Welty, 1%2E1) y o Cobayo
(Flhiatie
mayeoraes  del  cabiden (2.5 bbb, w1l afecto ez el 1nversao en rata
(Azari v Hustable, 1930) v en cobayo (Franoonl 2t al.. 1938

1§
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£ 19l ., mismbras Oue & oorTEntr Bl E fizioldaicas v

e
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La comclusiérn general de estos vy obrog estudio:s ha sido e,
K LEFMLNOES gatEralas, la  bhaurina  se comnporta Dt} () [t LAY
amortiauador  de  laos  flujos de caloio &l therior c@lular,
e rensrtadndelos  cuandn la concardrasidn del catidr &5 Dals, v
Alsminuydndnlos =m0 la sibuacidn opuesta. B ewia ot st @

(Rt

.
.w
auadarian  analobados Loz datos refarentes o los sefectos de  1a

gy 4 - "~ oty 3
taurita  =obre la conbractilidad cardiaca en Fooacdevs los casas a8

loe e eshe pardmetro aumsnbta o dismitays Como CoPEmErunl a0
cambios an la disponibilidad de caloio para la  copbraesside,
Dickez cambicns han zido aloanzados por la manipualacidn cfivecta e
=4 coricentracitan estracelular o mediante Cormd il ClorpEs g
irbarisren  ocon s bransporte. B este ordarn de ideas, =& ha
postulado tambidérn gue la bauring podria meddislar la corsentrast
e oraloio interno libre & traves de sus efectaos sobres taz potacs
irbraceluylares del catide, bédsicamerts 1a mitocordria, ya e loz
sztudios encaminados & 2stinar la influsncia de la Ladring AW ]
la capa-idad v tasza de unidrn de caloia al reticglo sarooElASmnL oo,
at arrojado rezultados pegeabivos (Ramtulla et al., 1978y kEhatter
et oml., 19313 Welty vy Welty, 19E1).

Las Pozas Musculares ro Cardiacas

Er la actuslidad mo hay duda acerca del elevadso comternido e
Faurima = la musculatura lisa y ssauelética, nl o de gue ezhos
miasculos  poSean 1of mecanlsnos redguer1dos para suosi 5 8 11
enbaras los  estudios aoerca de la participaciarn fizioldas
efectos Farmaroldagions  del  amincdcido san &4 ETITRE

cisper oS .

A mivel de la achividesd eldactrica pusoul ar, e v repartacs
o304 la  taurifa procuce wha Bipsrpolar i zac10n cle pontesrps sl ez



Annl

sl
el

¢
5 ]

y

ool

poumdp

red

eEIE ARE e preparaciornes de rata oy rana (Grusner et sl 12778) .
Fotos  mfectos cel zmiacacidn son fimtiarss a loz enomnmtrados an
=1 awcer e calamnar. = esbtudlo comparativo en estas praeparacidn

a0 la o omdsoulo ce verbebeado Gruasteer 2t al., L3780, L&

2
taurima incrensnta la concluctaremia de la menbrana a 1o 1oreRs Ll
v b, exprezéandoss esto altindg Comd e rechi oo lAr s la e alndm

el poterncial e aTe 1, = partioular ok e = asm
prepT ]l ar i Tante, Los adbaress propoereal Quie i mETEE L S Rl
samilar Pt 1 & Tt F ol i W =1y =N TR R R | Oin [t T £ &
iperpolarisacion TN L& o Eacstpsia del A D =32 =T B W R =T L&
copductarsia a O (Gruensr et al.., 197&).

[achos estudios fuzron recientenante conflrnadoss voanpllados
b1l Zardo la misha Preparaciden, el omisoula estensar d1al torum
loraus  de  la rata. En efecto,  Conbe-Camerins y o ocol. (1987
Feportarn 2l efecto Mliperpolarizante ds la tauring y ademnds, £
courre e el &wdn, la  reduccidEn en =21 ouren tenporal el
potercial  de  accidn vy el ancremento en la corductancia o al Gl
Eztos autores detectaron sfectos muy peguedoaz (Increnantas) sobre

1oz flujos de pobtazico. De hecko, 2] blogueo especifioo de canales
[ Cloars 2l la mlisna  praparacion, art a1l & =3 et

bperpolarizante de la taurina (Bryant et al., 19a5), s hoartando
1= interpretacidr tnicial de un inorenseto a2l tra F =l ol o B [
=laro como fartor causal oe la Riperpolarisaosldar.,

S_'l

Eri =1 reticulo sarcoplasnico, e ha observacdo gue la
faurins. & difesrencia de lo que acurrs &n CoFaEzdn, thorenenta la
capacidad total y taza de unidrn de caloio (Huxtabls v Brassler,
273, ademds de disminuir la tasa de pédrdida de trangporte ded
catidr producido por la fosfolipaza-0, Estos datog, aunmados & la
abservacidar de gue la prezsencia de taurina medora el rendimianto
y  prezaervacidn de  la preparacidn, conduio oa Loz autores &
EroEonEr por VET primera una accidn para 1
wotabl lizador membratnal (Hactable v Breszler, 197

fa)

Y.

For otz Ear b, ge  mencionaba o va o aue en el mdsculo
Aiztrafica de pollo acurrs an incrensmto consideraile e @l
corteriydo e faurlna (Wil=om et al. ., 19650, Drvacdo g o e}
midsoulo distrafico e prasents nloctonia, postar lornante =
evaluaron los efeutua de la taurina schre szta Glhtima Fatalogia
S PUmarin g . ercontrarndosse . qus un tratamiento orgl  ocon 2l
X (1 Do Ol B aliviaba conEiderablensrnte =l Cuadro ma ot ioo

(Dgre )l 11 o=t al., 193833),

A baurins CIOM
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TEUIE LIS, = | rivizedo RpreTents ums Der e e Eeawrtd ]l e pdaedes,
el s s, il cantaeriadn dde Bauar e as o alio, siml bar  al o
o yrdos como sl mdEoalo esgueldtion oo o2l e yrdl reErvIGED, Y e S
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0

iz SEETerTl&E Yy brarstormasidan der cacda wrnen ddea |
irmtermediarios de s via mebabdlica de sdntesis de la Laurims &
rartir ) la Cizt=sina, o luyando 1 tofmrmtil Froaotdr dw %=

=l il R (1= involusradas practicamente  hn Cacds Casao, e pechid,
cluramte la  déermads o Loz 50 0y oadn de los &, 2l Rdgado Tae el

tayicha  m&s ubilizado para la dilucidaeside cdetsllada de la vias,
ziordo poshteriormnsesnte confilrmada o rechazada en obtroz bejidos.,
Az, 2 o=l Higado =2 ha i1dentificads la presemcia ode T
Acido cistein sulfitiico, &oitdo cilstdico, Pipobaurina y oo LA 1INA,
asi womo laz actividade:s: enzindticas de oxidacidrn de la  cistaeins
v de descartusilaciden de los dcidos cistbéico vy clstein sulfinioo
(Vazaze para azte particdlar la revisidn de J,. AwabRara, 19278),

Er zaaurdoa luaar, e parte de la pora bepdtics alimenba 1o
e comstituye la dnica fracoidr oe Laarina en mami Faeras gue e
transformnada metabhd ) 1camnents v m&s &b, dee la oual s e
ectablecids corn suficispte  claridad Su parblcipaciaorn @m
proaceso Fisioldailoo, Fin efecto,. aparte de la orins,. la dnioca via
e sxorecidn e taurina con sianificancia fisioldaica conocida 1o
comstituys la blliz. arr odoteiz: la baurino oo efcusnhe s Corn uaada

]

ih

) 1os Acidos Diliares amnm un BProceso quse aourre e el Fra macho
(Jacobzet vy Smithg, 19k Fosteriormente, fales conjugaados o

vartidos e la luz irntaestinal permnitiendo la absorciden de  los
dizgtintoz tipoz de  lipidos v arazas cdebido a  suz propledacdss
smdlel Froantes,  Finmalmente, 2]l Figado es el primer Srgaaren o
isree acceso a la taurina provenlente de la dieta, via la verna
ortal.

Loz acidos biliares mas comnurnss v ormormalmenbte presantas an
la kilis e diversas especies incluysrdo & =1 honbre son 1oz
Aoarchos oéEl oo, Aacesiodlico, guenodeoxicdlico v litoodlico. Todas
laz especiss baszta, ahora estudiadas oo judan SWE acidozs billiares

cort Lavir Lna, oot 3licima o corn ankos (Hazlewood v Woottors,  19560)
Fara A Tugar & los Hcidos taracdd 1 o0, alicondlica
tautrodeoicdlico, alicodeoxicdl oo, ata,

ot

zia l e

NS | patrdr e condugacidn S exprEss Cono 2]
coclerte entre Loz comjusados con tauring y o 1o oonjugessdos oo
L 1T IR, ooomas Timelensnte cono =l porocentale de ConIuaados oo

Taur ita (nTY. Fote pabrdrn de conjuaacidn varia de  aspeclise a
ezpecie y e influiods por 1oz bébitos alimentrcios. Asi. misnbras
e Jos dcidos biliares se conjuaan exclusivamants con Lauring s
la mavoriz o= loz pacez, anfibioz v reptilles (Haz Lawonnd, 1aeV

=
Sk tzer, 1771 . los bz vivoros ] {1 L &l EETE ], N

predaninantements slico-canjuzantes (47 Ton) (Spaseth v Schresicder,
L3760} e warriivaros oo 2l azata sorn Lauro-cotjudantes (T

-

5%y (Remtshler ot al. . 19326), mientrss aus 1O0E ombd voros Como 1A

-

i
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= o] Pcapbre paoscher oEo lar aennre Lo dlDE @simeminn [t e
cpps el YT muedcs incremest i Se o clsmirr dsperdared Peaes Lo s T
Ae tam o dloperiibl D iodsad e hagr lha DEVE LS O 3 uaEET L,

E1  mases bl ogabto viense & 5ar nlbmd Vao L o 20 lo wms o uns
EEEEC1S caEl puramsete Lauroconsuasgtte, 21 oE adefas, i
capacidad  pars oo dudar sus Acldos Dllilaeres Zon glicing =% midy
1immitads cuatcs el aporte  ds bteurips exdegernn s cantel ado
swpertnental menhe con una diaeta libre del smireedecido, no 85 OREERD

de modifileoalr S0 patréan de conguaacidn hEoia urs predomiverelia de
Al too-Cor Juldados (Shipardbk et al.,. #37), por Lo ogus L1amse und
Ademaricla corctante de bxurins o conbiaanente aasta la poza del
amitioanldn, Aumado & 1o amberior. la baja capacided de  sintaesis
e pove e bagrine inberente s o esta especie (Sturman y Hayes.
IS la particularments sensibkle la privacismn distaria  de
rima, y posiblamerts la mds suceptible a sufrir una =0 L Diolwelly Qucs o'
migz poras erctdasnas por la simpls manipulacDin de 2u 1tz

-

Ertre 1= sspecies ool capacidad para mocdglar =a pabrdn de
LD Y LA AT L0, sa e documentado en la rata v sl honbees o gue el
coclante bu [ o Juaados taurina/alicins A qobaar rachs
Fundamaerntalnents por la concsnbtracidan de taurina emn el higaedo, i
mAas precisamerte, por la disponibalicdad de bauring bepablos pars
la oor Jugsc o, Eryoe et los sstudios e Hardizorn y ool friary
sups et acda 1o apberiot al demnostrar en ensayos in vitero ern &l
FMigado e rata  auwe  la oredaccidr de la poza de bauring por
imfuusidey el tejicdo corn Acidos bilirares, proovinTaE L cadnk
saralalo en &l patrdn de condudacidn bendisnte a 1a o dom il P&Erns L&
e gl ico-oonjudados (Hardizorn et &l., 1977). En =l caza del
bombors oourriria alao  z2imilar. En pacisstes cone abebraooion
Biliar, ro khay paérdida de tauring bepdtilcs y sUs comenhrasiohnes
cAaly =Tul CLarto  may  =levadaz. En metas cotrd LS lorEs, 1a
predomimaticla de tadro-con)uagados rebasa s aausl la del grupo
cotbrol (Hardizaonm, 1978)., Ma= av0arm, =n paclentes ool fistula
H1lisr, la admimizstracidn de tarina oral eroviossd un inorsmaedo
A YT oe 9 5 S0% em 7 boras oon una dosis de 1oae de Laurina, %

e 10 5 323 ey & Meras ool sdlo P50 me del aninodcichs (Hardizsan,

1975y, miemtras gue e ipdividuos mormales, la adminlstracihie e
dezis repebicdaz de bauwrina producern un Cambio proopedd oo deld N I I
L 33Y imicial  oa o un &8 depuds de recibic 2l amiresdcicdo
(Hardisorn, 1932).

Otros estudios en o=l bFomnbee acsrca del efecto de la
dicpomibilidads ode  taurina eobre 21 patrdn de corjuaacidn de
Aoz oz milisres, ze  llevarom a cabo 200 HilfAos poremnatiros
alimemtados oo Férmnulas lactess artificialas liberes de Lauarina,
s cofEaracitn corn nisos alimertados con lache  matearnz. Rt
Mers lorEr e &oudi. aue la leche de todas las especies hazta  ahora
motudiadas 1ncluysndo la  leche bupnatia, 2e rloa & Lauring,

particularmernts durante los primeros dias de la lactancia (Gaull,
1932, E1 ardlizis o la composicidt dae amninodcidos en plasma v
SF e, ircdied aue la mayoria oe sstos conponentezs se 1 einerch qhe

c peErpatecia Sin o camnbio oen RiSoE alimentadoz Con ltas foarmalas
artificiales, Ziaerdn la burima 13 motabls excepcldd {(FRas=1mn &k
a2l., L977a,.t). En efecto, las comcenbraclormes e toutrita en smshos
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TOPatnas SIraerd s Sraarativansnts: Corn 2l trenpa, Tanto an la
A& Coms = 21 plaszms (Gaugll et osl., 1R77).

Ezta  afecto e laz Tormulas comerciales zoore =1 patrdn
Fplazmatics de aminoscidoz, 22 habisz demoztracds tambidn et nisos
Tometrdos & dietas parsabteralez totales libres de taoirina (Rigao oy
Senterreﬁ Y577, El regusrimiaento disebario de tadarina e el

Frafabi e 2E Oordardente oo la Dbada actividas hampadatioa de la DACS.
ST lms Timitarnte  oe la via metabdlica dae biosintes . Qe =
detecta tanto e 2l Pagado fetal como e =] adiglto (Gaull st al.,,
1277
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- i gtudld el patrdn
Cidos biliares en miifoz alimertados oo dichas

peagion iy e

Conr o estas snbtaecedaentes poE s
X

A Corugacldy o

rérmdlas  cuyos contenido de LA IS &S mafiime o0 e log 5y
TOmParacian Con &tllos alimentados con leche materna. En esos
Estydlios e obEarvid gue 1oz midos alimnentados oo Farmulas libres

e taurima canbiiaban radicalmentss =g pabtrdrte dde ol Judsct e,
pazarda de Esr predomninantemnsrte bauro-conjuganten a alloo-
corugantes mientraz gque agusllos alimerntados oo 1echse bBumnana o
cor la miama Tohrmala gue a2l primer argpo pera suplemestada cor

Cotpzeattracidn de taurina hallada e la leche, oo modl Focatan =

Patran de corpuaacidt, e doecir . pErparesmci & S iencdo soene i a lmneribae
tadro-corguagantes (Hrustor et x1,, 1978 Watkinms et al.. 1979,
=t Ccapacicdad del  Fombre de mpodificar s pabrdan o =
SOt ydgasidAn e doil1ddos billarﬁz, Gepaeprddierdo del aporte dietario
e fmurlha, Fpodria reprasantar un aecaniisme de akoreo el

RS e

amincdcido Twarndo el dbdﬁtmulmléﬁtﬁ Exhgeno s defiliociaente,
Iha de  lazs mavores:sz diferenciaz antre las aspacies

o juaantes o agudl las predomimanitenstites glica~rmrjxgarta.

la suceptibilidad de estaz dltimos & zufrir  arterosscl :

(Truswall =t al., 1965, Em efecto, &l consio, por ejaemplo, 2

altamente suceptitile a presaentar una hiperlipidemnia inducida  por
disetas altas 2 colsstaeral v o Acidos graszos saturados, miamtras
QU laz espedcles tauro-conjugantes comno 2l agato, =21 parra v la
rata =on e axbrens rezistentes a sxprezar btal  comdicidn, Al
Frar e, ezta distincidn  esta rela_znﬂada oo la capacidad
1beraente & cada sspaecie de metabolizar el colestaeraol, Asi, 1o
SR VPSS, cort s o dieta alta et arazas v cmleatarel, e ban

adaptada metabdlicamnsntse para contralar la zobraecargs Jde lipicios,
misntras gue log hervivorss o harn dezarrol lacds tal capaci

La vertajs implicita gQue  terudriarm las  sspaciass bauro-
cor juaantes Pipecde E=TA T qLE Vit edwl o laz propladades
amil=rFrocantes e o corugdados cor baudrina, la Cliales o

ul in

SUEErIOres 8 suE eguivalentes corn alicing, debido en parbe o oopns
los  primeroas sorm mas dificilmente descornjuascdos e sl 1viest i
al epH  acidioo oournmentss snconbraodo 2m la reaiden prosimal del
M1sms, Mas o, e e 1oz cormuaados coon bEr s Se @reTuart e an
totalmerte lorizados &l pH Corporal, 2R praviers:  tu abeoraldn
FREIVE, pﬁr 1o e =a mabnhisres unda o oondsrtrac1idr anbraluninal
MEY o, Taciiilthardo azi 20 actaividaed smulzifilicants (Hofmary &t
al,., 19&,}.
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Lz 1oz weztigpdlcz arriba mencionsdos = v et e 1&
influsmcias deciziva AQue la disponiba lidad de taurina s3ords sabre
1 patrdrln de cangugacian de acidos Diliares, A=1, cuariclo el
corbentdo de tauring en 2] hiagado s o alto coormdioudn normal e

SR T Wma Eredominsresia de conJuwdscdos bhilisres  Car EmEte
mmlﬂnarldu‘ mlaemteras gue cuands Su o diseaniol ]l vdacd s rechaos, por
ayemplo &l di¢m1nuir el aporte dietsrio, &l patrds O o LSRG 1O
Tilemds hacia la preadomiancia de alico-oon)usados E1 2T mdnca
1leqa TEP PO, ELiEs aUnausE 2]l aports &adaeres Seda Nl o Sl emEr e
2]l proveRiente de la sinteszsis endbdasna. Bl oazo del asto
s Cor uta limitads capacidad Jde bhlosantezis de BT INE
d”“dda a =u reducicda habillidad  para formae 2lico-conluasdos,
representa una  especle con una cdemands exterma obligads deld
AR R A sT=1 1du. Comn va bia zi1do nenciaonadn,  la privasidn Jde taurina
e oecste animal. Junto corn la reduccidn de zuz potas hizulares,
o) o A Tt} Frafundas alteraciorzs =1 @l LI T B (] FIEs v 1O,

sspaeclalmnernte an la retina.
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QRJIETIVOS

D co &l regusrimiernto dratar 1o Js TR IR bRy e tas &0 &l

gatc,  @Dta  eneecla CconEbtliuve wn mooalo aniao en sl que 8E
Eomitile  RroVooar  upE redusolon rets en laz pozas niEulareas o de
baurima. Tal comdicidr parmits no salo avaluse 1z aeportamois del
amirmAacide en el desempeio e cads telido, sino ademén, plaeds
srrodar lur sobre su papsl funcional oan los diversos Te)rdas o en
los guse a3ta prazenta,

Fogr atra tudio de diferentes baidos D)o Una
ra 1

1CT1ErI1E

Dt o B G Wl a [ e & o haowrina podriz permihle =1
astablacimiento  de bonoloaias snbre las respuastas ode Cada
tejido,. permitiendo azi delinear fumclones SOomunEE o el A T LR
O 12 la  Laurinsa <n cada  Caso, Fara =110, ary 1a Ersesar b
irvestigacidr =8 decidid realizar 2sTUdlos &R GaTOs defiroiembss

e BaUF LR&. &l tras tejildoz diztintos: la reting, al omdsoulo liso
y €1 higadn; ary &l Tasn Jda 2 real lzaron

la retitna e particoglar, =
setudios complamnertar1as en un geaureds nodelo de deTa CIENCLR e
taurita 1 vive, la v t Fatada Cor guanidinau+«nu§ulfnnafnq Az
Somc &R una preparacion de segmentos whernos alslados de

fotorreceptoares de rana.

iﬁ

m
. m
Dy g

Las investigaciones =20 la rebtinsg tlenes Cono o et ivos
qererales  la conprensidn del virneoalo funeional  entrs 1a pozs
ardégera de baurina vy o2l mnartenimliento de la es shruactura vy Fursidn
Al fotorraceptor, Fara 2110, se elagisron Jdos sztrabtegias: 1) 1l&

.—.....-

carocteriTacidn tanto del proceso dedsrerativo gque Dourre 1o vivoe
cono coRESeEcusrcla de 1a deplaecidan dbe las pozas de tauarinm,  Dom
) del efecto estabilizamts 1n vibro ode @&ste aminodcldo sobDre s
szhruchtura del fotorrsceptor cuando &zta 23 alterada por factores
R of A

Las merhas espaecificas de estos estudioz i oy

dicda =1 eatadm fobtoachtivados o

&) Exrablecer & Qus me
iriactive el fotorrecestor detaermins 1 id el Eproaeso
ey

i
i 10
o
Fast gﬁ

deaarerabive inberents: al la deficiencia v e LEur 1NE.

H .
o
-

1

B Esbimer =l
COMPUEEROE Como el
o propisdades de s
o =1 fimy e car
Fegueerinienta Jde tau

scto que sobre dicho proceso pudiassen et
‘ﬂﬁ, la Vitamita £ y el GABA v la glicing
atilizadores d2 menbrana sn oLros Eif¢

n® und

¥
=
T U

o0

&

L

a:+wr1"d; =)l mecarnismno que subya
na por 2l foborrsceptor.

2 L'
Q_I

-
-

=) Ery la pereparaciér de  Seamentoz Exhernos alslaciaz,
CaracterizTar 2l mfects protector de la Laurite  oueeedo =Etas
aeohtructuras ~

mer desectabilizadas por exposicidr & la luz o & un
iotieEs diva eﬂtaz, i luysndo la especificidad
! 7= r1m1wnf“ VP L eoes ,

Er e seaunda parte, 1o estudios rezxlizados en dom
preparacioress de mdsaodls Lieo g8 orlan Td!un n osctabhlaecer &1 Lipo
il COPEeCUEnT I A, maani bud v carachter i sTlCas, auie e estado de

P

1 .

- o
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particular, 1o muaal heaesta 1a fachs no ha 100 Lo B 1O L L= T D I Foye
el o, las omjﬁf1Vu: zia ClrcutnEoribteron a svaluar laz el T i Nl PR R
azalas  oe ot acoialn MUECUlar BT Somo S sweltabilioad e

FeTEeTha A taurlnm v Acetil]l colinas.

EEE

Fimalmente, ze sdplord la posibilidad de aue la deTilolandla

e baurita pudisse reperoubilc sobrs los nlveles CrrTu ) antas
riziglares e colesterol, dada la deperulencia quse La abvzor
irtestineal ode sste lipldo muasstra & La poza Pepdtloa de Lauar
Er, sstos eshudios. una consideracidec central fue qus alaumas
laz wﬁP'EEi HIEE pmtmlﬁqicaz e la deplecidn tilzulare de taon
o, la degereracidn de loz foborrecephborss an la reh
shidaz o acentuadas porown aporte anornal de ol

}
laz. FPara =11lo, =& cuanbificaron los miveles plasmnatioos
Gl colestaerol  en gabos sometidos & un& Adimba  deficients e
taurima durants & mesas, asi ocomnd 1a cepeeech e 2o i del lipido en
Figado &l  térmipo de un afo de Lratamisnto. A 1oz & meesas e
Lratamisrto  azimizmo, =2 estimaron 1o pilvelas de colestarol am

’ =
pritrocitos vy su resistencia & wun proceso Litioo.

‘:{ 'y"
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METODOS

La  metodolonis y las  téonicas. &5i coms Los mebertedas oy
preraracoassn biclogices obilizadas et cads sarie o estacdios, e
dimrimen  er la seccidn  correspoeediente o cads oano ohe o log
MarUser ihos anesos. Poeoaello, en el prasente caeitulo se detallun
celamamts les méhades wbilizadoz en log aestudios referentes  al
cepbarde e colaestarol en Rdascdo,  eribtrocitos y plasmee de gatos
Aefiloierbes e LadriRE.  &5i cono 1os ooncerrierdes s las e lila
Me lizis  ezpontanea de  eribeoscitos o ogabos Dago e mizEme

et a1 Rl Eula I8

El  dAezarralla de la oolormia de gatos defiolantes an Labir 1ma
cmtd ceoriito en la seccidr o métodos del marnusor b A [resspagds
Ae & messs de brabanmisnto con une diets Libes e Lad 1&,
usrrdes la condliciden de deficiercia =2 halids e boallacido, LT
cltaviaror  mueshras oe 3 oml o ddae Zanare por pLres i cardl aTa
colectadas en reciplaendes oo 0.3 mlocle EDRTA 1T0F. Fravio a  1®
o B T el R ' clee las mueshras. loz  animalss LA O seciachig
lLigaramatibe Corr Wn& any@osidn b ramascul ar ce Pacdeaclorurs cher
wod BT LEI& (Fompam) & wma dosis o 3 oma/ka de paes. ey bodos 1o
eotiadios aguil dhesor o, s obbigvieror Simnu) bdreansnte nuashras
farte de  arimales deficientes sl bteaarina oomno de s ] Lo
suplemertados cor el amiveodesioo (005% de BaunrlmE Be Lo clistal .

wdim velooicdad (300D rem) vy bampaeratur & ambiesrhe curarcbe 10 i,
saparandose  la fase celular de la plasmatica, Fata  dltimna  =e
el Fugd & FEO0 rpm o eor 25 min bchamrdrcloss una Fraco bor
i lammiad s L3iview ot C e i L - " ' o

Las  maastras o seanare saoosrhr l Fussr o irmed L atansmte &
b

¢
i .
[

codimaerto  iMicial  fe  recuperaron 1G5 nl o ol e § s s e Vi
| - { » - .

sl es copshibuyaron la preparaclon para Los @nsayos tarita e

Tizis e lular aepontédnesn  Como para lag el imas Lo g ez

cemlwstaral .

Licis Celular Espontérea en Eritrocitos

i

ek de cuantifilocasidrn de lisis e witihrasibos se D

——

il
1)

El mét =8
ain la cebeccidn espechrofobomdtrice de 1 haenoaloblog liberada &l

frsed 1o e drcubaes dn. Lo Frasulbtacdos  Se @R @&ssn SO g )

. e afy

,

poreerha je o benoaloioe Diberada en Cadda pariocdo e ranuabas g
eo Prenpeston al conterido Lotal,

S ubilizd 1 ml de suzpensién de eritrocitos, banbo de gabos
suplenmsrtados  cono deficientes s tauring, la ocusl  fud diluido
care R oml o ode omedin Krebks omormnal (MEN, Tabla 1) vy dividido e dos
partes iousles (duplicados). De cada musshbra ge bomaron alicuotas
dle S0l (Tiempo cera, T=0, e diluyeeorn con @2 oml de MEN Y
et L Fuaaram a0 AN00 ppw durembs 10 man. AL BéErinino i
FacupeErarar 1.5 ml del sobrenasdants que e diluyd con 2wl de
aania.  El reshto de la fracocidn se inoubd s 370 0 oo &gihacior
suave Yy se bomaron alicucktas por duplicads de 250wl w0 Lo A0
(T=60) y 120 min (T=120), las cuales Fusron procesaclas 1ausl Que
La muestra T=0,
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Effect of Light Deprivation on the ERG Responses of Taurine-
Deficient Rats

O.Quesapa, A PrcoNeEs AND H. PasasTeES-MORALES®

Institvto de Fisiologia Celular, Universidad Nacional Awtinoma de México, Apartado
Postal 70-600, 04510 Méxieo D.F., México

(Beceived 1 Qetoher 1986 and aceepted 22 May 1987)

The decrease of taurine levels in the yetinn of taurine depleted rats treated with guanidinoethane
sulfunate (GES) reducnd the mnplitude of the a- and howaves of the electroretinogram, registered
ay # Sunetion of the tog relative intensity stimalns, The eifect was ohserved either in eaty exposed
to a light darkness eyele ar to continunus durknesy; this effect was somewhat mare prononneed
in retinas of rars exposed to light. Values obtained from the Nake - Rushton rquation for the 17 1o
1 earve for the w-winve showed that the haif-saturating intensity was unchanged hat Vo was
decrensed by GES frontment. haphicn tioves for thee bewave delayed whereas thise for the newnve
were wpnlbected by the Deatment,
Key words: tourine; KRG Bt deprivation,

1. Introduction

The presence of physiologieal levels of taurine in the retina seems essentinl for the
normad function of retinal cells. Retinat taurvine depletion results in nomarked deerense
in the amplitude of the a- and h-waves of the electroretinagram (IRG), which are
eventually abolished (Schmidt, Berson wud Hayes, 18976). Severe damage of
photoreceptor structure is also ohserved, eharacterized by disruption and twisting of
the otherwise highty orderd strocture of the dises membranes, Vesiculation and
swelling of both auter and inner segments of photoreceptors nlso characterizes the
puthology of tanrine deficieney. At the advanced stages, the photoreceptor layer is
shortened und cell loss oveurs (Hayes, Rabin and Berson, 1075).

These effects of taurine deficiency have been demonstrated in eats and monkeys fed
a taurine-free diet (Rabin, Hayes and Berson, 1973; Sturman, Wan, Wisniewski and
Neuringer, 1084), and in rats trented with a stroetarnl analogue of taurine,
guanidinoethane sulfonate (GES) (Lake, 1052 Pasantes-Morales, Quesada, C'drabez
and Hustable, 1483), which is u potent blocker of taurine transport and decreases the
taurine retinal content by 50-T0 %, | ‘

T'he mechnanism involved in the retinal degenerntion indueed by taurine deticiency
is still unctear. Tt is also unknuwn whether this deliciency affeets the vells diveetly,
regardless of their functional state or if the damage is associated with the phvsiologienl
stitaulation of light. "hotoreceptars ure, among the retinal cells, those hieing more
affected by taurine deticieney. Tawring may bhe required by these cells for n funetion
linked to photoexcitation or conversely, taurine may be playing & more direet vole in
membrane structures, unrelnted to the photoexcitation process. In order to clarify
this point, in the present work we examined the effeet of light deprivation on the ERAG
of rats made taurine deficient by treatment with GES,

*To whom all correspondence shoulid be addreased.
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2. Materials and Methods

Auimal treatinent

Albino rats (Wistar steain) were used i this study, GES was synthesized by the procedure
of Huxtable, Laird and Lippincott {1979) and administered to pregnant rats in the drinking
water (1%) a few days before delivery, as described by Lake (1082). All animals were kept
in the dark daring weaniog aml then halt of the rats of one litter were maintained in
standardized fighting conditions of 12 he tight and (2 be durk. The dark room was provided
with n double door, ventilated and with conteofled temperature. A dim red light was turned
on for teeding noed cleaning the animals, Dark conditions were continuondy monitored with
an uideveloped lilm in the dark room, replaced every week,

ERQ recording

For the ERG recording, rats were datk-adapted (light group) for 1-3 he, anesthetized by
i.p. injeetion of sodium pentobarbitad (40 mg kg™t bady wt) and fixed with a stereotaxic
dispusitive, The eye was made 1o protrude by drawing the eyelids npart with adhesive tape
and the pupil fully dilated by local wpplication of 1% ateapine. Al procedures were earried
out under dim ved light. The ERG was recordil differentially. The recording eleetrode was
a saline-filled glars pipette mounting in an A -ApClholder provided with a black cotton wick
in canluet with the cornent surlace, The reference and ground eleetrodes were steel needles
inserted subceutanvousdy behiml the eye aud letween the enrs, respectively.

The voltage signal wis fed toon Genss P51 doeswmplifier (handpas 8 800 Hz) monitorsd
continsously with w HP 12008 oseilloscope nnd <toeed i ) magnetio tape with o HP 3060
FM instrinent recorder, The stimulis (80 gsee diffuse white fash) was provided hy a Grass
PS 22 photostimulator positioned at 025 e from the apimal, attenuated by neatend density
filters (Kodnk Wratten No. 98) and eafibeated with a Gossen Luanasix 3 plintometer at H-
Hz fiash frequency. The intensity of thshes at this frgquency, monitored by the voltage
output of a photocell, was found ta remain constant. The response to ditferent light stimnbs
intensity relationship (F-log 7 corve) was determined inoan ineyeasing intensity sequence of
Hashes nt -ntin intervals, Typicnlly, the eatire range of intensities was run twive and hoth
response vurves appeared the snne,

Taurine analysis |

The concentration of taurine in the reting was determined at the end of treatment (7-4
weeks) in perehlorie avid extracts as previously deseribed (Pasantes-Maorales, Klethi, Urban
nned Mandel, 1972; Pasantes-Morales, Dominguez, Campomanes and Pacheeo, 1080}

Data analysis

F~lag I curves were fitted (o the equation (1) by means of the Simplex algorithm aceording
to Caceci and Cacheris (1084).

3. Results

Taurine levels in rats kept in the dark were higher in both untreated and GES-
trented animals, ns compared with groups exposed to light (Fig. {). GES treatment
decreased taurine levels by 40%, in ruts exposed to a light-darkness eycele and by 38%
in rats kept in darkness (Fig. 1).

Representative ERG responses ohitained from the difterent groups of animals are
shown in Fig. 2. The GES-trented aninmls shosed n murked decrense in the a- and b-
witve sinplitudes, regnodioss of the fighting condition, "Vhe effeet of GES seems lors
prononneed in ruts kept in the dark s compared with those expused to light - dutkness.

Figure 3 shows the graphival reprosentuation of the lowave mmplitude as n funetion
of the log relative intensity (fog 1) in controls sad GES freatid vats, in conditions of
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Fia, 1L Trurine canconteation in the retinn of rats exposed to a Hight-darkness eyele or to continuous
darknens, treated or untreated with GFS. Reaults are the mean s g.m. of the smunber of anfmals
indicated in parenthesin, PP < H6, GES va, control, light: dackoess; P < 005, GBS ve econtrol,
durknews; ' < HO5, contraby, Tight- darkoess va, durknes nmd GEN-treated, light dorkuess v, durkness,
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| Fiu. 2, Typical reconds of the BERG from rats trested with GES or from normal control rats exposed
S ~ta different ilumination conditions. The stimulus tntensity in Ix is indicated by the numbers on the leRt,
The scale bars are 05 mV amd 400 muec.

light-darkness or of eontinuous darkuess. The reaponse of untreated rats waa not
o significantly affected by lighting conditions, ((ES-treated animals showed a marked

st decrease in the b-wave amplitude, which was more pronounced at high stimulus

intensitics (2-5 log units), The deerense in the light-exposed group was more
m pronounced, ranging from 76 to B5% whereas the decrease in the group reared in
; darkness was 50-60 %. Figure 3 also shows that GES-treated animals exposed to light
b have u lower sensitivity, indicated by a higher stimulation threshokd.
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ERG b-wove amplitude {mV)

I (lux)

Fu 3 1Yo £ eurves for the BRO bownve mnplitide of thoe dilferent it groupw, ‘The symbals are the
same as for Fig. 4. The continuous Huen wre equation (1) of the text (Hted to the calealnted menn values
{ur each intensity of the four groupa using the KBimplex mrihod {see text), T nuy case, the estimated error
of the function was less than 111 x 10°% Statistical anolysis was perl'urme«f by Student’s ¢ test and
symbols thennte signifleatne an follows: #, P <O00L; o, PP U0 e, P <002 GES-treated va. thelr
correspotding control, *F < AL, M <02 (EES treatedd, darkness va, light~darkpess,  Control
durkness va: light~darkness not statistically different,

Figure 4 deseribes the V-log [ curve for the a-wave, The pointa fit a curve defined
by the following velation, originally deseribed for the 8-potential by Naeka and
Rushton (1966) and which characterizes the vertebrate photoreceptor response
(Baylor and Fuortes, {9703 Tomita, Kancko, Murakami and Pautter, 1977):

-
mu, +l.o

where 17 represents the vesponse winplitude, V., I8 the maximal response, I is the
stimulua intensity nnd /, Is & constant representing the hnlf-suturating intensity,

The a-wave amplitude at sl stimulus intensities was lower in rats exposed to a
light~darkness cycle than in light-deprived rats, GES treatinent murkedly decreased
the response amplitude fn both groups, although GES-treated rats exposed to light
showed the lowest response (g, 4). 7, values were similar for all groups, whereas
Fous Volues were murkedly lower in GES-treated animaly in both light-exposed and
dark-renved groups of rats (Fig. 4, Table 1). Aguin the light-exposed animals showed
the lowest value (Table 1),

Lmplicit times, dofined ns the time interval hetween tho stimulus onset and the peak
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05

ERG g-wave amplitude (mV)

I (lux)

Fui 4. V-log I earves for the ER( a-wave amplitucle of the diferent rat groupa. ([3) Dark control,
(O} light-dark contral, (W) dark GES, (@) dark - lght GES. The canthnions Yines nen equation (1) of the
text fittnd to the enlendutind mean values fur each inteosity of the fonr grovps wsing the Simplex smethixd
{see text). In all cases the estimated ereor of the function wais less than 70 x 102 The vertical bars nre
8.2.M 5 for the represented means, Statistical analysis wan performed by Student's £ test, Symbols s
superscripts tdenote signiticance as follows: w1 <0015 o, P <028, ' <O-0) for GES-treated vs,
their rornaponding control, 4 < 405, for GES-trested, darkness va. light-durkness. Contral dlarknesy
v dight darkmess not statistically different, ‘ :

Tante 1

Numterical values for the equation parameters of the theoretical V-log | eurve for the a-

Hyr'e
Iy
V as (I}
Contraol
Pnrkness HT £ 4040 48370+ 484D
Light RUYQ B P AL S 10+ 1A
GES-trented
Purkiens R KLE R H A 004 14124
Light 4R+ VN RUINK 4 13017

The figtires represent the average values for found Vo, calenlated from the litting of synation {1) {see
text) by the Simplex methad, of ench bndividund expetimental P dog T oeneve, The nuineries) values
ohluined dilfer slightly from those shown in Fig 3. Results are the means 8.5 M. of theee to fonr animinls
fur each group. '

* Nignitienntly different of the corresponding contruls P <G00} (Student’s £ test).
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Implicil times of a-wave and b-wave of control and GES-treated rals at different light
condilions.

Linplicit tines {(nisee)

Conielition RawWave b-wave
Control
Light-darkness 204 4 0:02 BrT + 523
Darknesa 230 £ 061 A4 4070
GES-treated
Light-nrkness 2544 201 TVl 10T
Darkness 2481118 607 £ 10-3¢

Results are the means 1 8.8.M. of 3~ animals for each group.
* P <004 compared with control light darkiess.
t P <005 compared with control, darkness.

of a- and b-waves, were calculated, No signifieant changes were observed for the a-
wave between the four groups of animals, whereas a delay for the b-wave was
observed in the GES-treated rnts (‘Table 11).

4, Discussion

GES treatment deerensed taurine levels in the retina of rats reared in the dark and
in those exposed to light-darkness hy about the same extent. The concentration of
taurine in the four groups of animals is somewhat different, however, since light
deprivation resuited in all cases in higher vetinal taurine levels, This observation
confirma previous fidings in chick and frog retina, in which prolonged maintenance
in the dark increased taurine retinal levels (Pasantes-Morales, Klethi, Ledig and
Mandel, 1973; Nishimura, Ida and Kuriyama, 1983),

Lighting eonditiong also enused some differences in the KRG of control rats, The a-
wave amplitude i3 lower in animals exposed to light as compared with those
maintained in darkness. This may be due to some injury in photoreceptors caused by
normal roon light, The average eage illumination of our rats was about 13 ft-candles.
Although this seemw o mild illumination, it is well known that photoreceptora in
albine rats are extremely sensitive to light damage (Noell, Walker, Kang and
Berman, 1966). The b-wave amplitude also showed rome tendency to be higher in the
light-darkuness group, at the high stitnulus intensities. These differences were found
rtatistically not gignificant and probably have no physiological meaning.

GES treatment and the associated taurine decrease in the retina resulled in o

significant reduction in the a-wave nmplitude, This decrease was more pronounced in
the group exposed to light as compared with that kept in darkness. These resulta may
be Interpreted ns if the absence of light were somewhat protecting photoreeeptors
from the deleterious effect of taurine deficieney. This interpretation entails some
uncertainty, however, since the extent of taurine deficicney is not the same in all
groups. Higher taurine lovels are fouwml in ets kept in the dark and this may
eontribute to the better tesponse obrerved in these animals as camnpuaed with those
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exposed to light, having lower taurine levels. Tn cats, Sehmidt, Berson and Hayes
(1970) found a close correlation between the time course of the fall in retinal taurine
and the decrease of the a-wave amplitude. Although the mechanism of this
requirement for taurine is unclear, it may be related to the protective effect of taurine
on photoreceptor strncture, From the V-log I curve, we observed that 17, was the
parameter affected by light as well as by GES treatient, while /; remains unchanged,
This observation suggests that the sensitivity of the registered response is not
significantly affected by illumination conditions or by GES treatment, but rather that
the number of intuct photoreceptors contributing to the response is lower in rats
exposed ta light and in taurine-deficient animals. This interpretation is in line with
studies showing that photoreceptors in taurine-deficient animals show n loss of
structural integrity in hoth their outer and inner segments (Hayes, Rabin and Berson,
1975 Pasantes-Morales, Quesmdy, Cdrabez ond Huxtable, 1883), Also, a certuin
marphologic dumage of photoreceptors in athing rats is known to ocenr by exposuye
to physiologiend fevels of illamination (Gorn and Kowahaea, 10673 Noell, Walker,
Kang and Berman, wititi). From these resultsit is suggested that tnurine participntes
in the generation of u normad funetional response through its effects in preserving the
structural integrity of photoreceptors,

An observation which might oppose this interpretation is that in eats, pho-
tareceptor abnormalities are initially greatest in the area centralis even though
reductions of retinal taurine concentration are similar throughont the central and
peripheral retina (Hayes, Rabin and Berson, t975). A possible explanation for this
finding is that cones, which are maximally concentrated at the central retina, may be
more sensitive to taurine deficiency, Also, in the monkey retinn, cones are clearly
more affected than rods by taurine deficiency (Sturman, Wan, Wisniewski and
Neuringor, 1084),

The deeresse of tanrine retinel levels induced a marked reduction in the b-wave
amplitude, This associntion has been previously documented in rats and eats
(Schmidt, Berson and Hayes, 1076; Lake, 1082). In tavrine-deficient cnts, the
decrease in b-wave amplitude also closely parallels the time cowrse of the retinal
taurine cluplctinn (Schmidt, Berson and Hayes, 1978), As for the a-wave, the decrease
in b-wave amplitude was mare pronounced in ruts exposed to light as compared with
those kept in darkness. .

The observed reduction in the h-wave amplitude might only follow the decrease of
the a-wave amplitwde, However, Schimidt, Berson and Huyes (1976) described a delny
in b-wave implicit times, which was also observed in the present study. These
obrervations raise the possibility that taurine deficiency is associnted with alterations
in the functioning of cells ut the inner ceting, particulacly the Miiller cells in which the
b-wave probably originates, Taurine effects on Miiller cells are not documented but
a protective action of the amino acids on the cell membrane may be the basis of its
requirement for the generation of a normal bioeleetrical response, There i8 a large
number of reports relating taurine with the maintenance of the structural and
functionn! integrity of cell membranes, including an involvement in ionic per-
meabilities directly related to nerve eell excitability [sec Pasantes-Morales and Cruz
(1085) and Gaull, Pusantes-Morales and Wright, (1085) for reviews]. A drastic
reduction in physiological taurine levels way then result in an alterstion of normal
cell membrane funetioning,

In summary, the present results suggest that although tavrine is necessary for the
novonal et Qetion in provesses ocenrring in cither unstimutated or stimulated
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TAURINE AND PHOTORECEPTOR STRUCTURE: BIOCHEMICAL AND ELECTROPHYSIOLOGICAL

STUDIES

H. Pasantes-Morales, 0. Quesada, A. Picones and R.Ldopez-Escalera

Instituto de Fisiologia Celular, Universidad Nacional Autohoma
de México Apartado Postal 70-600, 04510 México, D.F., México

The retina has proved to be one of the most useful experivental models
for studies on the physiological role of taurine in animal cells. Soue
features of the retina, including its large content of taurine, the
asgociation of taurine with photoreceptors and particularly, pnotoreceptor
vulnerability to taurine deficiency, have importantly contribuced to the
advancement in the search for taurine function.

There 18 now little doubt that taurine is involved in the mechanisms
preserving the structural and functional integrity of phoLoreceptor cells in
the vertebrate retina. The supportive evidence comes from 1} in vivo
experiments, in taurine deficient animals, in which structural and functional
disturbances occur in the retina following a decrease in taurine retinal
levels (5,6,11,16) and 2) in vitro experiments, in preparations nf isolated
photoreceptor outer segments (0S) where taurine affords protection against
different experimental conditions causing a disruption of the highly organ-
1zed structure of the 05 (10,12), Although in none of these situations has
the mechanism underlying the protective action of taurine been clarified,
recent morphological, physiological and biochemical studies have provided
further information contributing to our understanding of the role of taurine
in photoreceptors.

In this review we present our own contributions on this aspect of
taurine research together with a survey of recent progress in the area. In
the first part, new results on taurine-deficient animals will be described,
In the second part, recent observations of taurine effects on isolated 0S
will be presented and discussed.

IN VIVO STUDIES: TAURINE DEFICIENT ANIMALS

It is now firmly established that a decrease of taurine retinal levels

beyond a critical point results in a retinal degeneration characterized by an

alteration of the structural and functional integrity cf photoreceptors and
other retinal cells. The bioelectrial response, the electroretinogram (ERG),
is markedly affected with reduced amplitudes in both the a-wave and the
b-wave. The structural organization of photoreceptors is also severely
disturbed. Swelling, disorganization and vesiculation of membtranes in
photoreceptors characterize the retinal degeneration subsequent te taurine
retinal depletion. Eventually, cell death occurs resulting ir hlindness.

The degenerstive pattern associated with taurine deficiercy has been described
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Fig. 1. The effect of light deprivation on taurine levels and on the b-wave
awplitude in taurine deflcient cats., Electroretinograms were recorded in the
dark as described in Pasantes-Morales et al.,, (Exp. Eye Res,, 43,55, 1986),
Amplitudes of the b-wave are expressed as percentage of values in
taurine-supplemented cats, exposed to a light-dark cycle. The b-wave
amplitude in these cats averaged 0.15 + 0.03 oV, Taurine concentration was
determined by high performance liquid chromatography of the fluorescent
o-phthalaldehyde ethanol derivative, prepared in borate buffer. Results are
the means + SEM of the number of determinations indicated in parenthesis.
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Fig. 2. The effect of light deprivation on taurine levels and on the b-wave
amplitude in taurine-deficient rats. Rats were made taurine deficient by

administration of GES and exposed to total darkness or to s 12 h light-dark
cycle. The ERG was recorded as a function of light intensity. Bars in the E B
figure represent the response at the highest light intensity utilized (107 K
lux)., Taurine retinal levels were deterwined as described in Fig., 1. .
Results are the weans + SEM of the nuzher of animals indicated in parentbeais. 1
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Pig. 3. The effect of light deprivation on the amplitude of the a-wave of
the ERG as & function of stimulus intensity in taurine~deficient rats. The
experimental conditions are as described in Fig. 2. Normal control, dark
(0); control, light-dark (O); GES~treated, dark (m); GES-treated, light-dark
(®). The points are the means + SEM of &4 animals. The curves follow the
equation shown in inset,

in several species, regardless of the experimental approach used to decrease
taurine levels in the retina. Retinal degeneration is observed in cats fed a
taurine~free diet (6), in monkeys fed a taurine deficient milk formula (16),
in humans receiving long term total parenteral nutrition without taurine (5)
and in rats treated with a taurine transport antagonist (1l). This latter
approach is useful in species in which, even though having a high ability to
synthesize taurine, the endogenous pools of taurine in some organs or cells
are maintained via an exogenous supply of taurine reaching the cell through
active transport mechanisms.

The Effect of Light Deprivation

The mechanisms responsible for the retinal degeneration associated with
taurine deficlency are still unclear. We have addressed this question by the
study of the influence of illumination on the degenerative changes occuring
in taurine-deficient cats and rats. By this approach it is possidle to
investigate whether the damage is associated with a functional state of the
retina related to physlioleogical levels of 1llumination or 4f it occurs even
when the retina is unstimulsted by light, The experiments were carried out
in cats fed a taurine-free diet and in rats treated with the taurine antago-
nist, guanidinoethane sulfonate (GES). To examine the effect of light,
animals were kept in a dark room provided with 8 double door, ventilated and
with controlled temperature, with free access to food and water. A dim red
light was turned on for about 10 min every day for feeding and cleaning the
animale., Another group of animals was maintalned under standardized lighting

conditions of 12 h light and 12 h dark.
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Light deprivation in cats did not modify the decrease of taurine in
tissues produced by the dietary restriction. Taurine levels in the retina
decreased more than 75% in both light-exposed and light-deprived cats, The
amplitude of the b-wave of the ERG also decressed with an identical time
course in the two groups (Fig, 1). Also, the structural damage in photo~
receptors of taurine-deficient animals was the same, regardless of the
lighting condition,

In rats treated with GES and exposed to different illumination
conditions, it was observed that taurine levels of animals kept in the dark
were higher in both untreated and GES-treated animals as compared with thelr
respective controls exposed to light, After six weeks of light-deprivation,
taurine levels in the retinas were significantly higher than those in rats
exposed to light (Fig. 2). GES treatment produced a similar decrease of
about 407 in taurine levels in the two groups but the taurine content in
animals kept in the dark were still higher than in GES-treated, light~exposed
animals (Fig. 2). The amplitude of the b-wave of the ERG was markedly
reduced in GES~treated rats, with similar values in the animals kept in the
dark and in those exposed to light (Fig. 2).

Fig. 3 shows the amplitude of the a-wave at different light intensities,
GES treatment markedly decreased the response amplitude, particularly at the
high intensity stimulus, A close relationship between taurine levels in the
retina and the a-wave amplitude was observed for the different groups. The
best response was observed in the groups containing the highest taurine
concentration, whereas the groups with lower taurine levels showed the poorest
response. This was observed regardless of the lighting conditions of the
different groups. The points in the V-log I graph fit a curve defined by the
relation shown in Fig. 3, which characterizes the vertebrate photoreceptor

regsponse (1,8), V represents the response amplitude, Vpax is the maximal
response, I is the stimulus intensity and 1, 18 a constant representing the

half-saturating intensity. 1  values obtained from the curves for the
different groups of animals were similar for all groups, suggesting that the
gensitivity of the registered response is unaffected by illumination
conditions or by GES treatment., In contrast, Vp,y values were markedly

lower in GES treated animals for both light-exposed and dark-reared groups of
rats (Table 1). Since Vpax 18 the parameter affected by light as well as

by GES treatment, while I, remains unchanged, it may be concluded that the
number of intact photoreceptors contributing to the response is lower in rats
exposed to light and in the taurine-deficient animals but that the response
of individual photoreceptors is unaffected, The correlstion observed between
the functional response and the concentration of the tsurine may result from
the effect of taurine protecting the structural integrity of photoreceptor
cells., This interpretation agrees with the well known structural damage of
photoreceptors observed in tsurine~deficient animals. From these observa-
tions it may be concluded that taurine participates in the generation of a
normal functional response by maintaining the structural integrity of
photoreceptors, but that the decrease in taurine levels is not affecting the
normal functioning of those photoreceptors with an intact morphology. These
results also indicate that the presence of taurine in the retina is required
for preserving the cell structure and function in the dark as well as during
the physiological stimulation by light.

The b~wave is most likely generated at the glial cells (MUller cells).
A close relationship between tasurine retinal levels and the b-wave amplitude
has been reported by Schmidt et al. (15) and is confirmed {n our studies in
rats. Taurine effects on Muller cells are not documented but a protective
action of the amino acid on the cell membrane may explain its requirement for
the generation of a normal bioelectrical response.
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Table 1. Numerical values for the equation parameters of the
theoretical V-log I curve for the a-wave

v Io
(365 (lux)
LIGHT Control 315 3890
GES 80 5012
DARK Control 410 3548
GES 175 3981

Calculated from least squares fit to the equation shown in Fig. 3,

The Effect of Antioxidants and Membrane Stabilizers

Another approach that may help to clarify the mechanism underlying the
requirement for taurine in photoreceptors is the investigation of the effect
of conditions or compounds able to counteract the adverse effects of taurine
deficiency. The conditions examined in this atudy include mainly the effect
of compounds acting as antioxidants and of substances with a known effect as
membrane stabilizers. A protective effect of taurine on membranes damaged by
peroxidation processes is now well documented (9,12,23), suggesting that the
requirements of taurine may be linked to processes protecting the retina
against membrane lipid peroxidation. The strikingly high levels of polyunsa-
turated fatty acids which characterizes the photoreceptor membrane (18) makes
it particularly susceptible to 1ipid peroxidation. This feature, together
with the highly aerobic metabolism of the retina, probably requires the
existence of additional protection mechanisms in the retina against the risk
of membrane lipid peroxidation. In this study, we examined the effect of
antioxidants including cysteine, chromium and selenium on the retinal
degeneration associated with taurine deficiency. These compounds were added
as supplements to the taurine free diet during the whole treatment of about
25 weeks., The structure of photoreceptors appears somewhat well preserved in
these cats as compared to the alteration observed in unsupplemented cats.,

The question of & possible protection by these antioxidants could not be
definitely solved, since taurine levels in these cats, although significantly
diminished, were never as low as those in unsupplemented cats. This
observation confirms an early report of Berson and coworkers {(2) on the
presence of higher taurine levels in the retina of cats supplemented with
cysteine., An inducible activation of the cysteine sulfinate decarboxylase
may account for these observed protection of cysteine against tissue taurine
depletion, :

The possibility of a protective effect of zinc and tocopherol on the
retinal dysfunction associated with taurine deficiency was considered with
the described effects of a deficlency in these compounds on the photoreceptor
structure as well as on their known actions as membrane stabilizers in a
variety of biological preparations (3)}. Zinc and tocopherol deficiency in
rats produce a degeneration of the photoreceptor structure that has many
similarities with that developed by taurine deficlency (7,14). Disturbance
of the discs membranes, disorientation and vesiculation are observed in zine-
and tocopherol~deficient rats. Tocopherol was administered to taurine-
deficient cats frowm the beginning of the treatment by subcutaneous injection
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twice a week, whereas zinc was added in the drinking water at a concentrationfgi

of 200 uM, At the end of the treatment, the ERG was measured, As shown in
Fig. 4, zinc and tocopherol provided a partial protection of the a-wave
anplitude, whereas no effect was observed on the b-wave amplitude,

The effects of GABA and glycine, which are neutral amino acids occurring.

naturally in the retina and that are structurally similar to taurine, were
examined in terms of ability to protect the retinal structure in taurine-

deficient cats, The amino acids were administered in the drinking water at a f

concentration of 1%, The rationale for this experiment i{s that the M{ller
cells, where the b~wave originates, possess active mechaniswms for accumulat-
ing GABA and glycine (17), In conditions of taurine deficlency and of a
surplus of GABA and glycine, the cell might be able to replace taurine by
increasing the accumulation of these amino acide. Results in Fig. 4 show

that GABA and glycine provide only partial protection Altogether, the results i

of these experiments, although preliminary, indicate a specific role for
taurine on membrane functioning, which cannot be completely replaced by
antioxiddnts, membrane stabilizers or structurally close amino acids.

ISOLATED ROD OUTER SEGMENTS

Another experimental approach which has provided strong support for an
involvement of taurine in the mechanisms preserving photoreceptor structure
is the study of the protective effect of taurine on isolated frog rod outer
segments., This structure is easily detached from the photoreceptor by
mechanical disruption., The isolated 0S5 have a relatively simple subcellular
structure, malnly constituted by the lamellar discs which are highly
organized. The discs are formed from the cell membrane by invaginations, so
that the outer side of the cell membrane is identical to the inner side of the
discs, and the inner side of the cell membrane i{s the same as the outer side
of the disc membranes., This observation is relevant for the interpretation of
the results described below,
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Figure 4, The effect of a taurine-deficient diet supplemented with zinec, GABA
and glycine, and tocopherol on the ERG of taurine-deficient cats. Zinc (200
uM) and amino acids (1%) were added to the drinking water, Tocopherol was
injected subcutaneously twice a week, Treatment duration was 25 weeks,

of a different cat.
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Table 2.

Total fatty acids in phospholipids of rod outer segment

mesbranes exposed to illumination and in the presence of taurine,
hypotaurine and albumin

L g e e i i 0 | g

Fatty Acids Dark Light +Taurine + Hypotaurine + Albumin

(umol/mg protein)
1410 3+ 2 3+ 2 2+ 2 3+ 2 2+ 2
16:0 127 ¥ 15 116 + 36 117 + 23 19 + 11 112 + 30
18:0 116 + 20 110 + 35 112 ¥ 27 122 + 40 99 + 12
18:1 69 *+ 17 63 ¥ 16 63 ¥ 12 60 + 11 54 % 24
18,2 12+ 2 10+ 3 11+ 3 10 + 2 11 + 4
2004 33+ 6 3% 7 33% 7 3+ 5 35 + 13
22:5 17 % 3 20% 6 3+ 8 23 + 8 19+ 5
22:6 267 + 56 310 + 94 319 + 95 336 + 119 287 + 55
Total 661 + 91 679 + 189 690 + 163 713 ¥ 148 638 ¥ 107

Lipids were extracted and purified by the procedure of Folch et al, (J.
Biol. Chem., 226, 496, 1957) and free fatty acids and phospholipids were
separated by gradient thickness thin-layer chromatography, according to
Bazén and Bazdn {Res. Methods in Neurochemistry, Plenum Press, New York
pp. 309, 1985) and quantitated by gas liquid chromatography. Results are
the means + SD of 6 separate experiments.

Isolated 05, incubated in a Krebs-bicarbonate medium in the dark,
maintain their normal size and appearance during several hours. When the
incubation occurs in the light (2500 lux), a disturbance of the 0S structure
is observed. In previous reports we have described that the presence of
taurine in the incubation medium at concentrations of 5-25 mM affords a
complete protection of the 0S structure disturbed by light (10). Swelling of
the 0S5 and protrusion of the disce characterize the effect of light., Now we
are attempting to identify the processes responsible for the disruption
produced by light and i{n a subsequent step, to investigate the mechanisms
underlying the protective effect of taurine. An increase in lipid
peroxidation in the 0S membranes observed after illumination was effectively
counteracted by taurine (12). However on the basis of results in a number of
other models of. cell damage associated with lipid peroxidation, where taurine
protects the structure without antagonizing the peroxidative process (13), it
was concluded that the effect of taurine is primarily located at a step
previous to the membrane lipid peroxidation. The hypothesis proposing that a
release of free fatty acids from the membrane damaged by light might be the
trigger for the chain of events leading to membrane lipid peroxidation was
supported by investigations reporting increased membrane permeability and
swelling in cells exposed to free fatty acids (19,20). Thise hypothesis
proved to be wrong since the analysis of fatty acid composition {n 0S5 exposed

to light and that in 0S kept in the dark showed no significant differences
(Table 2) »

Investigation on the specificity of taurine effects, and the
characteristics of other compounds also able to protect the 0S structure, may
provide information about the mechanism of taurine action. A number of
compounds were tested for thelr ability to protect the 0S structure from the
damage caused by light. Table 3 shows that compounds with a marked protect-
ive effect comparable to that of taurine include hypotaurine, cysteine, and
albumin, Compounds providing partial protection include sucrose, GABA,
glycine, S-alanine, mercaptoethanol and mannitol. Substances without effect
include amino acids, such as glutamic and aspartic acids and proline, the
taurine analogue GES, strychnine, and bicuculline. Among the compounds

95



Table 3, The effect of amino acids, antioxidants, ion transport inhibitors
and other compounds on the structure of 0S disturbed by light

Compound mM disrupted outer sgegment (X) ]
None 25 71
Taurine 25 23
GABA 25 39
Glycine 25 34
Hypotaurine 25 20
f-Alanine 25 51
GES 25 68
Cysteine 25 32
Mercaptoethanol 25 69
Tocopherol 1 58
*Urea 2 80
Sucrose 30 62
Mannitol 30 57
Mersalyl 2 65
*N-Ethylmaleimide 2 100
*Furosemide 1 100
*DIDS 1 72
XPCMBS 1 98

Incubation in Krebs-bicarbonate medium, during 2 h., Light intensity, 2500
lux. The percentage of outer segments with disturbed structure in darkness
was 24,6, The asterisk denotes compounds which also produce disruption of
outer segments structure in darkness. PCMBS™ p-chloromercuribenzene-
sulfonate; DIDS*= 4,41-diisothiocyanatostilbene-2,2'-disulfonic acid,

examined, some of them caused cell damage by themselves, in the dark. These
include urea, the anion-transport inhibitor DIDS, n-ethyl-maleimide,
p~chloromercuribenzensulfonate, and furosemide (Table 3), From these results
it is concluded that the effect of taurine on protecting the outer segments
is quite specific but not exclusive, snd that compounds having a structural
similarity to taurine are also effective. Thus, S-alanine and hypotaurine
worked better than GABA and glycine, Albumin and cysteine may be acting

through an effect on SH groups, although the inabllity of mercaptoethanol to
protect the cell structure militates against this possibility (Table 3).

The approach used for the identification of the ilonic currents respon~
~gible for the swelling and disruption of the 0S5 structure after {llumination
was to examine the effect of replacement of the major ions in the physi-
ological medium on the alteration caused by light. Table &4 shows that
omission of sodium, replacing sodium chloride by choline chloride, has a
beneficial effect preventing disruption. The same effect is observed when
chloride is replaced in the medium by sodium gluconate. Omission of potas-
sium in the presence of sodium and chloride has no effect. These results
suggest that the increase in membrane permeability, which probably subserves
the structural damage, requires the simultaneous presence of sodium and
chloride. The significance of this observation will be discussed later.

Removal of the divalent cations calcium and magnesium from the incuba-
tion medium does not prevent the damage caused by light. On the contrary, 0S
kept in the derk showed a disruption pattern sizilar te that of {llurinated.
0S8 in a complete medium. Swelling and discs protrusion were algo
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Table &, Effect of ion replacement on the structure of rod outer segment
disrupted by light and by omission of calcfum-magnesium

Conditions Disrupted ROS (I)
Light catt-Mgttfree
Krebs-bicarbonate?® (9) 71.0 + 2.6 (4) 67,0 + 4.2
Krebs-HEPES (3) 24.8 + 1.0 (4) 32.3 + 4.7
Sodium-free {choline chloride) (3) 18,5 + 2.1 (4) 27.1 + 2.3
Chloride-free (sodium gluconate) (4) 23.6 + 1.9 (4) 28.2 + 3,1

Isolated rod outer segments were resuspended in Krebs-bicarbonate medium
and exposed to illumination (2500 lux) for 2 h, or to calclum-free
magnesium-free medium, containing 100 uM EGTA, for 1 h in darkness. After
incubation, about 200 ROS were examined in a light-microscope, and the
number of ROS with sltered structure was counted. Results are the means
+ SEM of the number of experiments indicated in parentheses.

* Composition of Krebs-bicarbonate buffer: 118 mM NaCl, 4.7 mM KCl,

1.2 mM KHpPO4, 2.5 oM CaClp, 1,17 mM Mg504, 25 mM NaHCO;,

5.6 mM glucose, pH 7.0,

‘
.
'
’
#

characteristics of the 0S exposed to divalent cation~free medium. After one
hour of incubation in these conditions, 75% of the 0S show an altered
structure. Again, taurine affords slmost complete protection, maintaining
intact the 0S structure (Fig. 5). In order to compare the ionic requirements
of this new model of structural damage with those of illumination, sodium
chloride was replaced by sodium gluconate (chloride-free medium) or by
choline chloride (sodium-free medium), and potassium was omitted, Table &
shows that fonic replacements produced about the same effects on the 0S
structure as those observed after illumination., The presence of sodium, and
chloride is necessary for the cell damage to occur. These observations
suggest that swelling observed under the experimental conditions investigated

requires the transport of sodium and chloride in a concerted way, most
probably accompanied by water entry.
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When chloride 15 replaced by anions more permeant than gluconate, the 0S
swells very rapidly. Isethionate, acetate, sulfate and nitrate all induce a
marked disruption of the 0S structure. This observation confirms & previous
report of Cohen et al. (4), where a study on the effect of a serics of anions
and cations on the structure of 0S in the rat retina was carried out. The
addition of taurine to the incubation medium partially protected the 0S
structure against the disruption produced by permeant anions. The protective
effect of taurine against the anions examined showed differences in efficacy.
The highest protection was observed with sodium isethionate, followed by
sodium acetate and sodium nitrate., Taurine did not protect the cell
structure in the presence of sulfate,

Altogether, these observations confirm an interaction of taurine with
the 05 membrane, resulting in a regulation of fonic fluxes and/or water
entry. The mechanisg of this action of taurine is still unclarified. Among
the possibilities to be explored, we are considering 1) a modulatory action
of taurine on jon cotransport systems, which may be either activated or
inhibited by light and in the absence of divalent fons, and 2) a nonspecific
interaction of taurine with membranes, probably at the polar heads of
Do phospholipids, creating a barrier for water influx, carried or uncarried by
fons, Experiments deviced for providing evidence supporting one or another
of these possibilities are now in progress.
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Figure 5. Protective effect of taurine on the disruption of isolated rod

outer segments produced by remotion of divalent cations. Frog outer segments
were incubated in a Krebs-bicarbonate medium {control) or in a medium without
calcivm and magnesium, in the presence or absence of taurine (25 mM). After
60 min of incubation in darkness, the number of outer segments intact or with
disrupted structure were counted at the light microscope. Results are the ‘
means + SEM of 8 separate experiments. i

TAB R B e R ]

The protective effect of taurine on 0S structure occurs through an
interaction of the outer side of the membrane, whereas taurine is found
concentrated intracellularly. In prelim!nary experiments, we have observed
that all the experimental conditions producing disruption of the 0S structure .
induce the release of taurine from retinal cellas. From these observations we
propose that these disrupting conditions generate an intracellular signal -

ions, water or a volume change - which in turn induces taurine release. This
response may have a dual beneficial effect for the cell: on one hand, the
decrease of intracellular taurine contributes to restore the isosmotic
condition and on the other hand the released taurine, acting extracellularly,
contributes to regulate the membrane permeability, thus terminating the
detrimental effects of ion overload or water entry.
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SUMMARY
Young cats (12-1% weeks old) were fed for one year with a3
taurine~free or a taurine-supplemented (0.0 ”) diet. After

taurine-fres treatment, plasma  taurine concentration was  less
than 1 uM. In this condition, we studied the contractil response
induced by exogenous admirnistration of acetilcholine and taurine
in the intestinal and tracheal smooth muscle from both animal
groups. Neither, the spontansous activity of the isolated
intestin=, nor the basal tone of the trachea, were affected by
the taurine depletion. However, in both conditions (taurine-
deficient and taurine-supplemented cats) acetylcholine and
taurine eveked a dose-related contraction in  both muscle
pregarations. The dose-response curve to acetvicholine of the
igscolated ileum from taurine-deficient cats was shifted 2.7 times
to the left as compared with the corresponding control. In the
izclated ileum of the taurine-depleted cats, the exogenous
administration of taurine induced a shift to¢ the left of the
dose-response curve as compared with its control. In this case,
an  1ncrease of the maximal response was observed. Qualitatively
gimilar response were observed Iin tracheal smnooth muscle, but
quantitatively minor. Results are discussed in terms of  a
facilitatory effect of taurine on calcium fluxes. A  particular
case of supersensitivity is considered also

INTRODUCTION

Taurine (2-amincethane sulfonate) is a sulfur-containing

e  amince acid which occurs ubiguitously in animals. Host

igzues often contain large guantities of taurine, particularly

those with excitable propertiss, 1.e. nervous tissue, secretory

glands and every type of muscle (1), however its specific reole in
cLll rhysiology is still unclear.
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In moot apaciss,  tizasus taurine poclsz ares ramarkably ztable
dire to the coordinated activities of hiczvnthesliszs, transport  and
snworetion orocesses (2,2). 0 A notably excaption iz ths  cat, A
epecies  which cbtain moest of its taurins  through ths diet,
mcause  of its limited capacity to produce 1t from andogencous
precursors {(4) Then, cats fed with a diet develd of  taurins

etomaes tarine-depletaed, although there 1s a wide variation among

tissues in  thelr capacity to 1:taln taurine (%), This animal
model have allcowed to emphasize the critical necassity of several
tizsues for the aminge acid such as the retina, which degenerates
under a taurine deficiency condition (6,7) or some brain regions,
particulariy during developmental stages (8,9).

Muscle taurine pocls have been studied in depth in  the
heart and only few studies have been concerned with snooth
muscle., In the present work, we report results fron studiss on
intestinal and tracheal smooath muscle from both, normal  and
taurine-depleted cats.

MATERIAL AND METHODS

Eight domestic cats, previously vaccinated against
rhinotracheitis, panleukopenia and caleci virus, werse fed =ither a
taurine-free or  taurine-supplemented (0,05%) diet (BioServ,
Frenchtown, iJ) for ons year. The synthetic diet containad (in
grams/100 gr): casein, 43.0; chicken fat, 20.0; dextrin, 132.5;
sucrose, 13.%; cellulose, 2.4; L-cysteine, 0.2; choline chloride,
0.2: salt mix, &.4; vitamin mix», 0.6. The =salt mix composition
was {(in gr [/ Kg): Potassium phosphate dibasic, 328; <calcium
carbonate, 2920; sodium chloride, 162; magnesium sulfate, 99;
calcium  phosphate dibasic, 732; magnesium oxide, 32; ferric
citrate, 13; manganese sulfate, 1.2; zinc c¢hloride, 0.9; cupric
sulfate, 0.29; potassium icdide, 0.07; chromium acetate, Q.04;
sodium flucride, 0.023; sodium selenite, 0.004. The vitamine mix
contained (in gr / Kg): Dextrine, 857; incsitol, 100; D,L-alpha-

3 )

tocoferol  acetate, (500 IU/g) 20¢:; niacinamide, 8; calcium
pantothenate, $; retynil acetate, (S00,000 IU/g) S; rivoflavine,
1.6, cholecalciferol, (200,000 IU/g) 1.2%5; thiamine, 0.8,
pyridoxing, 0.8; folic acid, 0.8; menadione, 0.1; biotin, ©0.04;

cvanocobalamine, 0.03.

Taurine depletion was monitored along treatment by
determination of plasma levels by HPLC. At the end ¢f cone vear
of treatment, plasma taurine concentrations were less than 1
umcla,/ 100 ml. At this time, animals were killed by an overdose
of pentobarbital. Immediately after, the ileal portion of the
intestine (discarding the 10 cm nearest the caecum) and the
trachea were removed and placed in petri dishes containing Krebs-
Bicarbonate (KEB) solution (which contain in millimelar: NacCl,

118; KC1, 4.7; CaCl2*2H2C, Z.5;NaHPQ4 .21 NaHCco3, 25;
Mgll2, 1.2; Glucose, 11; ChulAnc uhlGPlj@, 0.029). Roth,

intestine and trachea were washed theroughly through the lumen
with KB solution hefore and after the surgical clmaning.
Afterwards, the organs weres prepared for in vitro mounting

:»
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Pizces of Z-4 cm <f ileum were suspended in 2 20 ml tissus
bath and continucsly perfused with KB 2t & rate of 10 wlsmin.,
bubtl@d with 98% 02 and 5% CQ: Lo maintain the pH at 7.4, Thea

isomatric contractions ¢f the isclataed ileum were recorded with &
FT 02 forcse transducer on oa Srass 7L paolvegraph. The resting
tension was Irixed at 1 g and the bath tempaeraturas was mal ﬂtdlﬂuJ
at 37 & by means of a ET-5 Coleora tenperature ra=gulato The
intestine was zllowed to stabilize under these COHfitlﬂn° iuring
40 min, immediateley after, dose-response curves to acetilcholine
or  taurine (10-& to 10-4 M) were constructed. The drugs wers

added individually to the organ bath, starting at the lowest

dose. In each case, after reaching the maximal response, the
intestine was freed of drug by washing it with KB during 10 min.
Once the intestine reached the baseline level, and after &

resting pericd of ten minutes, another dose of the drug tested
was added to the organ hath, This procedure was repeated until &
complete dose-response curve was constructed.

The trachea was mounted as described by Castillo and De Beer

(10). The trachea free of conjunctive tissue, was  cut  into
individual 1rings, cach of which were cutted again through the
cartilaginous portion. The tissue was reassembled, joining the

pieces by suturing the cartilages between them. Each segment  of
trachea mounted in the organ chamber was constituted of three
pleces or open rings. They were mounted in the:
transducer/recording device and the contractile force recorded.
Accumulative do=ze-response curves to acetylchoeline or taurine
were constructed adding growing concentrations of the drug
tested, washing it until the maximal response was achieved

The intestinal and tracheal smooth muscle response to drugs
were quantified 1in g of tension. The parallel line assav of
Finney (1!) was used to test the similarity of the curves and to
determine the relative potency within 95% confidence limites.
Student's t test for unpaired values was used to test the
differences betuween groups at each dose tested. Analysis  of
variance (ANOVA)} was used when necessary.

RESULTS

The spontanecus activity of the cat isolated ileum was
similar between taurine-depleted and taurine-supplemented cats.
The in vitro administration of acetylcholine or taurine induced a
dose dependent c¢ontraction of the intestinal muscle of the c<at
(Fig. 1 and 2). In all cases, the duration of the response
induced by the intestinal challenge with acetylcholine was more
prelongued than that observed after taurine exposition,

The dose response curves ta acetylchoeoline in taurine-
deficient animals showed a shift to the left as compared with the
response  observed in intestines from taurine-supplemented cats,
Since the cshifting was parallel to the <control response a
formal comparison of potency was carried out using factorial
coefficients (12). This procedure showsd that the in vitro ileal
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respongs to acstyloholine from taurine-depleted cats, was shirted
2.1 (1.5 -~ =23 2.L.) from the regponse oheserved In Intestines
from control cats

The doges-response curves o tavrine in intestines from
raurine-deficient cats also showed & zhift to the left with an
incr=ase of the maxin recsponse. It i~ inmportant o peint our
that it was not possible to make 2 formal comparisan of the shifr
because  the conditions for a valid bloassay wers  not met.
However . using a one-way ANQVA, it was found that the ileal

response to  taurine differesd at the various doses tested (P«
0.08). Scheffe's test (12) was usged to validate that the responss
of 10-4 M are significantly different from those aobtained at

10-2 M, The t test showed significative differences between the

ragponhces abtainsd in taurine-depleted versus Taurine-
supplemented  animals, at doses from 10-4 to 10-2 M, In bheoth
cases. higher doses of taurine de not increased the contractile

response but decreased it (not shown).

In the cat isolated trachea, either from taurine-depleted or
taurine supplemented cats, the administration of acetylcholine or
taurine induced a dose-related contracture (Figs., 3 and 4). The
dose-response curves to acetylcholine were very similar, with a
slight, non significant shifting to the left in the aexperimental
group as compared with control. The student's t test did not show
any significative difference between the response obtained from
both diet groups at any dose tested. Likewise, there were not
significative differences (t test) in the tracheal contractil
response induced by taurine bhetween taurine-depleted ar
supplemented animals. However, the ANOVA test showed a
significative difference between the tracheal response to 10-2
taurine and the other deses tested in boeth animal groups.

DISCUSSION

The intestinal spontanscus activity of the isolated ileum
and the tracheal smooth muscle tone from taurine-deficient and
taurine-supplemented cats were very similar.

o —— e —

The in vitro adni istration of taurine or acetylcholine to

intestines and trauh obtained from both animal groups, results
in a do<w~zwl ed =ﬂntr ction of the smocth nmuscle of these

crgans. It has brwﬁ shown in the izclated guinsa-pig ileun, hrst
taurine can blcck the intestinal  activity induced by
aminopyridine (14)., probably by a presvnaptic effect. Previoucly

we have seen that in fully established intestinal kindling (15},
taurine induce a biphasic response which depends on  the dose

i

used: at low doses (10-6 M}, taurine further increased the
intestinal acivity induced bv the kindling procedurs, whereas the
administration of  higher doses (10-4, 10-2) hlocks the

zlectrical-induced activity (unpublished cbservations). Thess
cbservations suggest a presynaptic effect of taurine.
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The Qifferences betuwssn  cury  results (raurins~-induce
contracticnt and thogss reported in the guinea pie ileum {(taurine-
induced  relaxztion), might be due to the doses  tested o
thBinOEluul and anatomical differences betyeen the  int estlﬁc~
of these species (18} to the expsrimental paradigm uszsed, ar tao
thee phyaluluglcal rale that taurine might playvy in cat homeostasis
(5. Ag a matter of fact, this kind of differences are common in
the drug responses among species; an illustrative exampls of this
is the relaxaticon induced by morphine in the guines pig ileum

versus  the  strong  contracture induced by the opiliate in the
isclated dog ileum (17}

The chservation that hasgal tone and spontaneous
contractility in  tracheal and intestinal smooth muscle are
similar in beoth, taurine-deficient and -supplemented Cats,

suggest at  least twoe possibilities not necessarly mutually
excludents: 1) taurine isg irrelevant to the baszal activity or 2)
there was an adaptative process to the chronic low levels of
taurine 1in the systen. Studies performed in heart preparations

(18, 19) had not been able to detect an =ffect of taurine on
basal contractility, whereas it produce consistent =ffects  on

calcium influx ~dependent contractions.

The effects induced by taurine in the cat isolated ileum and
trachea might be the result of a direct action on calcium fluxes
through the plasma membrane or an indirect action (presvnaptic)
by neural release of neurotransmitters., This last possibility
might be of importance in the isolated ileum, where there is a
multiplicity of substances produced by the enteric narvous system
(16). Both possibilities are not mutually excludents, however a
specific study to test them is necessarly.

Arn  striking observation was that the isolated ilea from
taurine-deficient c¢ats showed an increased responsiveness to
exogenous applied acetylcholine or taurine. The parallel shift to
the left of the dose-response curve to acetvlchoeline in ilea from
taurine-depleted animals, suggest that the long lasting privation
of taurine, produced a phenomenon very similar to
supersensitivity by denervation (20) . Post junctional
supersensitivity, as oppcsed to prejunctiocnal supersensitivity,
is a true change in the sensitivity of the target cells. 1t
ussually comes on slowly (days to weeks, depending on the target
c2ll), and is generally quite nonspecific, the sensitivity being
increased to a variety of drugs and ions (21).

In this line, the incr=sased responsivensess to acetvylcholine
and to  taurine attained in the isclated ilea from taurine-
deficient cats, might represent a change In the intestinal
sensitivity to  these drugs. However, the lack of information
about the onset and specificity of this phenomenon, precludes to
call it supersensitivity.
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The= lack of & clear-cut alteration in responsivensss Lo
=tylcoholine and taurine in  tracheal tissue rrom taurinse-
deted  animals, as conmparsd with that ohserved in intestinal
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Figura 1.- Dose-response curves for acetyvlcholine-induced

contraction in the isolated cat ilea from taurine-depleted (o),

or taurine-supplemented (') animals,

- Each point represents the mean + S.D. of 12 observations. Dose
response curves were constructed using intestines obtained from

four different cate (three pieces of ileum in €ach case),
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Figura 2,- Dose-response curves for taurine-induced
contraction in the isolated ilea from taurine-depleted (o)
or taurine-supplemented (') cats.

i
()

Each point represents the nmean response  +
- observations. -
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FigUre 3.~ Dose-response curves for acetvlcholine-induced
contraction in the isolated cat trachea from taurine-depleted (o)
or taurine-supplemented (¥) animals.

Each polnt represents the mean reéesponse + 3.D.  of eight
observations. In each condition (taurine-depleted or
supplemented), the tracheal segments were obtained from four
cate. The curves were constructed in a cumulative manner.
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Figure 4.- Dose-response curves fer taurine-induced
contraction in the isclated cat trachesa from taurine-
depleted (o) or taurine-supplemented (') animals.

Each point represants the mean response + 5.D. of eight
abservations. Curves were constructed In a cumulative manner.,
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2.1 Niveles de colesterel en higado y eritrocitos de goatos
deficientes en taurina.

RESULTADOS

Despuss de oun per:cj; do gaelds megses con una diets deficiente
T tazurina, go ouantifizaran log nivels: plazpaticoes do
colesterol,. Lz tebla 2 muestra loz  resultados obtenidos. S
ohgerve  primeraments gqus <1 contenide de colestearel =n los
animales al mcntaj: con carne, fues claramente nmas alto gue el de
aquellos sometidos a una dieta definida, reflediandcs =21 contenido
de ineﬁthﬁ* en  cada tipoe de alimentacidén. Lo anterior &
permite la comparacion directa entre 2stos grupos pars estimar la
tasa de  shsorcion de colssterol, por 1o cusl se imnplementd  un
tercer  grups de animalez, alimentades con la dieta definids v
suplementados con taurina al 0.5%. En estas condicicones, s
encontréd gque  lags concentracionss de coleztercl plavmati:c Sran
cemajantes en log  animales deficientes v suplementados con
taurina (nabla 2); no 2begrtants qus en los primeras s= observa una
tendencia a valores mencres, las diferencias no alcanzan niveles
de zignificancia estadistica (P > .08},

ide  redujo

Por  otra  parte, el periodo de ayunoe estableci

terol (tabla 2)
n

o

zta
siderablemente los niveles circulantes de coles
permitirze un intervale de absorsion v excrecion.
afectoe producide por &l avuno prohatlene e en funcidn
contenido  de colestercel en cada dieta, en donde la carns
itenia de 2 a 4 vecss log niveless de la dieta definida. Asi, en

o8 animales alim r L
equarimisntos mi
o

oAy
:3

La magnitud

L
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tados con una diets disefiada para cubrir sus
mos {(definida), no se observéd &1 sfecto el
e valores de concentracidén similarss en ambas
condicionen (2in avuno v hajo avunol,

H ?“‘"{i
-~
i}

Comn &l fin de estimar en que medid: los niveles circulantes
Am cnlastarcl  repaercuten zohbre 2l contenidoe celular de  aste
Tapids, oo detormicse v corcantrasion en o aritrositars an los tres
arupon cxparimontolas baic log doo sondicionas de slimontzoidr
rrovyiaze s loe ansavnz 5sin 3vmn$ voayuney (Fig, 4y, Sooabhsarvd
orimoranents, aqus o2n Loz animazles alimentsdss con czrne, =1l avurns
v los  baios niveles de cclﬁctmrﬂl circulante, [provocarcn una
reduceidén notable en 2]l contenido del lipideo =n eritrocitos.  Se
observaron sfectog gsimilares en los animales deficientes v
suplemasntados con taurina.,  aungue =i egtos cagses las diferencias
N fueran tan marcadas como en &1 primer grups. Ne obstante, los
valor de concantracidn de wllcr*wrrl ern la condizion de  avuno
(tar"a' cbecurasy ¢ en lag =in avuno (barraz blancac)., fueron
saemejantes entre log animales deficientes v los suplenentados con
raurina v =stadicticamsente lguales. Debs notarse ademas, que bajco
la condicidn de avune, =l contenids de colestero fue similar
=ntre todos 1los grupos de experimentacidn.
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TABLA 3

COLESTEROL ENDOGENQ TOTAL EN HIGADO DE GATOS
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Dizscusidr de datos de la saeccidl 3.1

Iz reduccidr oen 1oz mivelss tilzsularss de tTaurina da Tagsr &
Uria aama Jde alteracciones fisiolfgicas, CuUvya SsEprSasSldm v Baever 1daad
deparciar de 1la haburaless de Cacla t_Jldu, Ertre ssthos, Paos mas
auplorados tajo ezta condicidn ncluysn & la retine y el coraman,
los cuale: corh e aratchEs pozas de Laurina, v =) sizshamns

merviﬁ%m ceritrals o obzstarmte, la furecildn praclisa

La retina v an particular los foborraecdeplhores

aotiadl e mOnly' rarticidlar enfasiz LhalJo  wuha
deflzie sl =1 =y taudrinsa deklkido, T DOl W B
l“ﬁﬁ&ﬁt!dhl”“&ﬁ gQue presaelrharn & S0 ComEsS T 10, O
Ldaomicazs e =l tegido ofrecs, Ziho QuhE aedsmas
T Wl teyrdo hazta =21 Conocimisnto actual.
fundamasntal, la deteccidey de luz, e v ool et

& - ¢
Jehicks: a la @evera dezsestabilizacidn estroctural
FR ocuarndo la corcenbtracide del aninodcidos di=smivg
ur mivel critico,

El profeso degeneratlvo Se 1nicia en los BEPme
(SE) Yy e Caractariza por el Biirnchamisnto
asstruchura vy la pérdida del elevado qarado d
caracteristico de 1oz dizscos  menbraposos o
aostudiocos histopatoldagilcos realilizados e diversos
et &l., 15%75: Fazantaz-Morales ek al., 19=3 o
1254) sigisren urna alteracidn 1nmicial e la membo

Qe podria ternsr g orlqen et uhna perdida deld

permeabhilidad selaectiva , gt arnda un desbal arase
ohra parte, ez corodido gques e sestados 1rmicliales
S LR LFIE, la poza bhepatica s una de las prlmwr
la  raeducczide e el aporte del amincdesyrdo, R A
chrazstios dismimudcidn en la sinhesls ds aciduz b1l
Col o A ing, AE1 0 codad U decrasmerho teeto s 1 s
total de acidos biliares (Remtzochler 2t zl. . 1'736)
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1= abzorciarr olletaria. Mo obsebtarte s Falts ode zZiar P lrosrmells
metacdistica entrae 1oz valoraes ose colestarol plaspatioo en Loz dos
s de arnmales. fe obzerva uana beclancia oorE i sternes hEaCla W
e rameto en Loz gatos defiorenbes an THUrIna, tantoa s 1a
corrd e 1A e Aayares Cofn S LOE &ninales no ayunaoos, 8 penar e
o anter o, 1o tervlemsia aobzervada rmm Saglers unge coredlo i tal
que  disminuya  ode manera zigmficativa e dhisporbalioad o
colesteral para U o 1ncluzidrn en las aenbranas celularess. Bh aeoyo
2 1o anmterior, bz pecultados aobternidos aen eribrocitos en cuanto
#ocortarnicdon de colestercl 2o refisrve, musmstran Que estas oflulas
Cort 1 s reEe Flavelas zimilaraes a =suz  conbrolas et Y&
Aafioiencia & LaurLna, Adema s, los  eritrocitoz de aatos
deficliertes  en taurita muestran una fenzibd lidacd normnal &l
proceso Lititoo indducido por ircubaeide del te ) dda,

[t =

1]

toe dice enboroen, s desprencde oOus 1oz fachores
Aue corducern a la espresidn del procsso deogsernscativoe en la retina
ah aatos deficieptes e taurina, bo fon debados & ung deflolencii
@ la  absorcidrn de colesteral, yva o ol data, ALLTCAE LY
posiblenentse e vea modificada por la baja dizspomibalicad  de
dcidos biliarezs, probablements ez balanczads por oun incraenerdo de
lae 2irmtezis aenddgena,

i1

fa— ltl
! |
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For obra parte, los eztudios electrorretinosraficoss en gatos
e lanentados corn Vit-E apuntan bacia obtra diraccidn, Ery st
RS, VE U la blosintesls red OiZurr e, 2z fackible ssperar  una
reduosidln conmsiderabls en la ateorcidn de este comnpascto vy RO
et de s dizponibilidad. El ERG de animaless  defirciantas a6
taurima y suplementados con Vit-E muzstera gue algunos paramebros
Fuarar  menos alterados (en conparacide cor agquéllos de andnales
deficiente

I =

= Py suplaenertados) . 1o cual e podria interpretar Somno
Aue la reducoidn e la disponibilidad de Vit-E podria aestar
cobbribuyesndo en la expresidn de la degernaraecidn retinians, Prez
W=D A Tu la deficrencia =m Vit-E provoca la dessstabilizacion de
Yo fotorreceptoresz (Robizon et al., 19759, ety s =im 2nbaran
Lambto oz expresidn histopatoldalca  como 4 curso bamnporal
Arfieren oclaramente de 1o gue = oboserva odarndo se depletar las
pomas de tauring
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1
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UL

W

HY

o ohra parts, en obros estudicos donde 22 ke probadoe log
afectos estabilizarntes ode 1l tauraina sobre diversos  modelos
el are rrzluayancds Lo ssanentos externos (SE) oe los FR, 1a
Vit-E  tiers efectos protectores sobre la  estructura oelulatr,
aditivos a Loz del amincdacico, Lo anterior, urmado a un aefecho
et Sse  oe la Vit-E, sugierer un necanisms ode  acoidl distisho

1 o st -

=4
&

T
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los doz conpuestog. (Pazantes-Morales et al.. 1995
es-Morales y o Cruz, 1904).

ot

Fasan

1 toeaferol e un ooommcicds anticosidants qus aJaerce Ug
afactos por medio de la fijacidn de raciicales libtres, O (1] = Wm B W=t T D
=iy 1nberaccidr ool obtras moldculas. En o la retina 2o partioalar,
1a vitamina B =e acumnula maturalments v 2o furncide, £ Supone ag

precizamerte la meutralizacidén de radicales librez  capaoes s

Erovoamar  renccicorees oe Lipoperosiidacidn, & las cuales laog SE de
| w3 fororrecaptorss bt Farticualarmarte zarsitmlas. R C=T I

A1
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Wt TTe T, 1o decestall lyTsacior de los FROduramts ar: JsT Lo amsl &
=3 L aUYy 1& e ol aebiida 81 psrecs, &OLURR m e [ R LR Do T o = o

Mivelas  de VID-E, vyva e el procsezo pabtoldgloo ren =3 praveriods
ol g S lemertasiarn. N abstastes, cuznado 1a desestsbhiililzaoides

=
oo e, 2] proceso podria LAmar ur Surso propio al o prosiciarse la
perosldacidr lipidica de las menbranss g '“"+1tHYﬁH 10£

saedmnertos exhartens de los Fotorracestoras, &l T SStos Prolasod
guboperpaetysblas v ocurtcir en o wun anbilents altzmentee proE1cio.
Labe  recordar aqur 2]l enrrigquecimiento de estas menbraneas &N

—1dos arazos polilinsaturacdos (Dasmnen, 1%73), sustrato gquamioo o

dichas reacciliotes e lipoperosidacidn, Fri eshas corpllolatss, LA
fuplmmphfn cory Wy antlosidante comno la Vit E Pt & ety s ar 1
#Eraesidry Jdel cuadero patoldgilco o ruducir g initernsidad oo
1y Comnbatir 20T CAUSaI Srlmarilas, =l 1o e el proceso
1ud1mthw TE RN ST R
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RESLIMEN Y CONCLUSIONER

s recduaccidn e TEE pomas anddmenas e DA INE BrOVOLs
s lteraciones de diverss invdole o indenzidad en Loz Feyacdos hasta
ahioe = EZTNdlﬁQH— Frbre sshos e ahvcibenthrags L& raetans, sl oerabro
v ool oeorazdrg 51 2mBErao, B0 Rraurno de 1oz casos 2 bBhn podiado
metableoar et “laridad =l T ST T e By Sl =l las
altarazionses jzcrrlfa [ bFwechin, los repories gus ja:-rlbwm las
arormnal tdades e &l cmra:hn (Sebaeffaer et xl. . 1925 Lakse et al..
1927 v 2l carabes (Storman et 2l., 192%: Falackal &t al.. 1996)
g yom o ecstads de deficiensia en Lauring, e Farn limthach: &0 la
descripocidn del Fapiddpern Y posod pasos @ han dado Baeoia w5
AP TS 1T AN,

Al confrontar lazs sspresionses Tizulares de la Geaficiernstia &n
LEU 1A, surage  la  preadnts sobrs o s1 tales altepracionss S04
Asbidas & medifiocacionss especificas en la Fimioloaia ds  cada
teyicia, diztinmtaz =nhre 21, a =i oewioshe urm dercaninacar ComnT

aitte bodas sllas. e decir, e la alteracidn inicial ST T LS &

oy urn procaeso celular mdy DRS00, comir a hodos esos beyidos ¥
o (2 la= Al farsnclas 2 =24 EKP'P:IﬁF e daebilerart & las
ecpeciallizaciones inbeErentss & cada lirnea =il & .

h.‘

cadamadaz por la reduccidn de las

pomas de tauring, tanto aauellas dw"rrlfmd 2 la 11+mra+ur‘ T OHACH

las reportadas aqui sobese magsculo lizo, colmciden 2n Que )l o=ithio

de la modifircacidn ircial podria ser la membrans plashatica, Ery

e aprdern de 1dess, ary el presenbs estudilo 2 2HANLIAD WAS
1

phtasis, DLy a corcideracidr certral o era que la deficiencia 9

Las alteraciorss  desernlau
et

-l-

@
L

Cauir L& Pt i & PPOVERTRE . &’ S VaD o Uhna I R Do Wal e = 1&
dizporibllidad de colesterol para =u 1thezarclidh en las menbranas
celglares. Los resulbados obtenidozs demueestran que 1oz Friveelas e
colesteral  en 21 plazma, =1 higado o em aeribrocitos el 20
modificados  duranbse el abebimnients de las pozas de Laarina, =)
Lismpos 2 los  gque procezos oono la degemsracidn de Lias
fotorreceptaoras =8 ha 2xpras ado tetalmente, Lo anterior descarta
ertances que la dizponibalidad de codesterol @@2a an factor causal
oo dnfluyente  2n la expresidn oda las albteraciones  menbranalaes
chzervadas  en los tejidos durante la deficienIla &n tauirinsa. B2
probatble que un procesce de ajuzte et la blosinbhaEsis y/o @soraTlon
del  colesterol, equilibre  la redecible  dismitescion de s

abzoroidr imtaestinal.

Loz resyltados  obbenidoz en la ratina =0 iz podslos
atiimales  de deficisrcia er Lauring, excluyen 1a positlliclad che
e @]l amitoEc 1o Nﬁtéfﬁdf ticiparedo dl
de fohoswcitacidn vy fotobrarnscducciden en 1o fotorreceptorss, Y
que  la desestabilizacide ocurre adn en aserptia cde astimglacidn
lugminosa, Mas &, &l pro-eso 23 dependientes del  arado o
deplacidn de la poza de LaUrIn&s 1hd€'HﬁdiﬁﬂfémEﬂﬁw e ozl dshs ao
modi ficada  por  medios Farmacoldgioos o por LAE cotpilclorpes de
1 lumasEa 1, poor Lo omee &l origen del fenomnenc degenarativo debe
mihuarss 2 obtro nivel.

Fectamente amn loS proelesds
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uscularaes, facilitarmdo =1 movimiento ds caloio &

Etv ezne zentiao,  1a SuplemEntiaidr e anlnales g T iiantas
S TEInE Do dlwvesr 2OE Doinpuashtos o efactor estabiilioantes &
STE&E  Mefhr ANsE,  RrOoveyrors SO lamernted s protenside a1 O
TR TH Yo i b ' " ' ) ' '
shla la altas sspaciticlidad del vossss Sl sy boagrara paor Lo
Fobor: o ! En ademnas, e los mecanlsmnos opseraentaes en el

maritenimients de la estabilidsd aztructural oe Lales SOnpuUestog,
o diEtintos &n Cadx caszo carn &l del aminodcido an SUEEtian.

it
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- estudios rezlizados &n las praparaclonss cs Lraguess e

1M st 10, ety dorvde s obhEerva wure rnorenssto s la Tapacidad e
PEELpEE T & =l mdsculo liso el praesernsia Jde LEUE I, las
rezigltados podrian ser sxplicadoz por ana inberaoccidsn entrae s
AT IR v 1oz fluaos de calcio a traves de la menbrans
Flasmatica, Picha 1nteraccidn ha si1do previanents docdmantads an
diterentes preparaclones e mdscouala, iz luyerdo el corazmde
(Chovan et oal., 1980 Sebrairng v Hustabls, 1936, 1a muzoulatura
SRR IR T ) o {Hu=takble v Brasslear, 1273 Lebtemnzoemr v Hamber gaer .,

1254) v la musculaturs liza (Framcomi et al., 193 2&, 0 Marmzminl st
al.., 1957), En o esas prepatraciores Se b mhesrvado wr efecto dual
n =3 Ja T 1R& ya que 2]l amitodocldo pugseds incrsnettar 1la fuserza
auni Goti1l o producir relaJacidan., Jeperdiaereds de las cordiCiones

wparlmentales.,

Er los estudics aquil praessntados, la taurina procduwos per 5
(4t irpzramerto s la achtividad coortractil o aen prmpnrariuﬂeﬁ
controd ., misntras gue tal respuasta, &1 ocome aauslla rrcductda
o acetllooling, e vedy  potetrciladas par la ocondicide de
defilclencia &n taurirma. No obzstantese que oo Lo datoz presentadns
o ez pozmibde descartar un sfecto prezirdptios del  amiteodEc i deo,
tantos  la formnas comne la magrnitud de las o respusshas obtanicda<,

SLIGIErEtT uns aoTidrn cirecta de la taurina  saobre &z TFitwas

imterior

bt 3

celular v favorecisndo asa la expresidn de una respuaests

amplificada., Erv &l caso de los animalez deficiemtes e Laurinx,
la similitud  emtbre 1z respusstas  basalez de astozs vy =ys
contrales respechtivios, poodr iz irodicar la existeruzia e wum
= et dee adaptacidr a las condiciohnes  1mnpsrattes (bisla
aUr &) . Fot ¥ CLE la  resyposicldn O R scylo =)
dn} o Dot =1 a8 o= T R 1 L= FA altas de=zl amitcidcido, PEROVOCSE1& W Pildeva
desasquilibric an los movimilientos de calolo recssarios para la
corrt e BoC 1 oFlgitiatndse wura amplificaciderr et 1a Fenpidaest

comtractil.

Firalmaerte, de los sstudicos realizados en ssgnentos actaernos
alelados de fotoarrecsptores, e comcluyd gque e ambos modelos de
desaestaba lizaciydmn Jmplenertaju“, -la  exposicldn & luzr o & wun
medio libee de catiornss divalsrtes-, 2l ooriaen el dafho agelula

i
et una alteracidan 20 la parneaby l1dad Eﬁluutlva

ozt 1 & rnn:lztxr

e la mamnbrarna & iornes. Lo anmterior s baza emn la  depetndenc s
15n1ca ode ambos fardmernos & la presercia de sodio v clora, 1o gque
SiAglEre gque el movinissto cde estos 1orees &l interror caelulary
by acs al procezo dezestabilizante, La  =htrada  de AT
cEmdtlcamente obl igsds por la Ssobrecaras 12dails &, explilicaria =l
Frirmchamiento inlcial de las sstracturas, Lo oyal & s overn pocdria
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