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INTRODUCCION 

A partir de la década de 1970, se ha generalizado Ja 

aceptación de la técnica de transplantes de tejido nervioso corno 

una herramienta para el estudio del cerebro. Ya con anterioridad 

se habían realizado algunos intentos de transplantes, sin embargo 

no existió mayor interés en el terna, por lo que antes de 1970 en 

la literatura sólo se pueden encontrar algunas comunicaciones 

esporádicas (Bjorklünd and Stenevi 1985). 

Es hasta los primeros reportes de Das y Altrnan (1971,1972) que 

empieza a despertarse un interés común por el estudio de los 

transplantes. Así, a finales de los 70s y principios de los sos, 

se empiezan a incluir los términos en inglés "transplant" y 

"graft" corno palabras claves para la identificación de dichos 

trabajos. Tornando como referencia el indice de materias de las 

memorias 

podemos 

de los 

observar 

congresos de la 

el creciente 

"Society for 

interés por 

Neuroscience", 

este terna de 

investigación (fig. 1). En base a lo anterior, considero que 

estaría fuera de lugar en la presente tesis intentar discutir 

todos los campos en donde se ha aplicado est:a poderosa 

herramienta, por lo que mencionaré los modelos e>:perimentales más 

estudiados tabla 1) y profundizaré únicamente en aquellos que 

conciernan a la relación transplante-aprendizaje y memoria. 

TRANSPL.ANTES Y A.PRENDIZJ,JE Y MEMORIJ. 

La ccrt.E: ::::: cE-re.brc.J y el sistema l.ímbico, son dos de las 

regic:071::-s d€l Sis":"-t:mc J\·er-...~ioso -sent.:::-e:l (SNC) que :nan sido már, 
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relacionadas en los procesos de aprendizaje y memoria; dentro del 

sistema límbico, la formación hipocampal ha recibido especial 

atención, por 1 o que a continuad ón describj ré algunos de los 

e:tudios más reJ evantes qu.e conciernen a estas estructuras 

- formación hipocampal y corteza cerebral- y a los transplantes 

cerebrales. 

ENFERMEDAD DE LESION DE LA VIA TAAllSPLANTE DE CELULAS 

P1'.RKINSON NIGRO-ESTRIATF.L CROMA.FINES O DE S.N. FETAL 
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TRANSPLANTES EN LA FORMACION HIPOCAHPAL 

La formación hipocampal se encuentra formada por diversas 

estructuras como son el hipocampo, ~1 giro dentado, Ja corteza 

entorrinal y el subiculo (S~anson, 1983). 

El hipocampo es una de las estructuras más estudiadas del 

S.N.C., lo cual es comprensible ya que posee 3 características que 

la hacen muy atractiva para la investigación. ?rimero, su 

estructura neuroanatómica es laminada, y recibe sus aferencias mas 

importantes en campos especificcs de su anatomia; además, estas 

conexiones es tan claramente estabJ.ecidas. Segundo, ha sido 

relacionada con algunos modelos experimentales de aprendizaje y 

memoria. Finalmente, es una de las pocas regiones del SNC en 

donde se han podido demostrar diferentes tipos de pJ asticidad 

neuronal (Swanson, 1983). 

Esta estructura no ha sido ajena a los estudj osos de los 

transplantes de sistema nervioso, por el contrario, las 3 

características ya mendonadas la hacen uno de los principales 

focos de experimentación en este campo. Es en la formación 

hipocampal, al igual que en la via nigro-estriatal, donde se han 

llevado a cabo los estudios mis sistemiticoe, tanto en la anatomía 

como en la fisiologia de los transplantes. 

Se han realizado diferentes experimentos neuroanatómicos para 

estudia:- la inner-«ición del hi.pocc.mpo po:- los t:ranspl&.nt.e:::. 



informacion con las que cue:nta el hipocampo. En una serie de 

experimentos, Cotrnan y cols. (1988) y Gibbs y Cotman (1987), 

investigaron la relación neurcar.a't.ómica entre estas dos 

estructuras mediante el implante de corteza entorrinal fetal cerca 

del hipocampo. Encontraron cr.ie el má>:imo crecimiento e 

innervación de los transplantes de corteza er,torrinal al hipocampo 

hospedero se dió cuando se lesionó previamente la cortez.a 

entorrinal nativa, pero no cua~do se lesionó corteza occipital o 

arioa septal. Estos autores (Cotman y cols., 1988) inclusive 

demuestran que los transplantes de corteza entorrinal son capaces 

de inducir recuperación conductual en una prueba de memoria 

espacial, seis meses depués de haber lesionado a los sujetos 

(Gibbs y cols. 1987). 

Un modelo diferente en el que se estudian las aferencias a la 

formación hipocampal, analizan las conexiones del área septal con 

el hipocampo; esta via corre por la fimbria-fórni>: y es de fácil 

acceso. para el invest i.gador. Las J es:i.ones de esta vj.a también han 

sido utilizadas para ohservar el desarrollo de transplantes y su 

posible ine:rvación al hipocampo. En sujetos con lesiones en la 

fimbria-fornix, se ha observado que los transplantes de área 

septal mandan axones colinérgicos únicamente a los campos 

colinérgicos terrninaJes que normalmente inervan, aunque la lesión 

del la fimbria-forni>: deja también otras zonas denervadas del 

hipocampc. Cate.·. r~corda:r que lesicnes de )o cortezó entorrincl 



de igua) manera la lesión de la fimbria-fornix no repercute en el 

transpJante de 

transplantes de 

corteza entorrir.al, pero si afecta a los 

área septa 1 ( Kromer 196 5 ; Gag e y Bj or:l:l und 19 8 6; 

Gage y cols. 1985). 

En 1982 Low y cols. demostrár::m gue ani1nales con transplante 

de área septal previamente lesionados en la fimbria-fornix, pero 

no J.os unicamente lesionados, incrementaron su número de aciertos 

en un laberinto de B brazos cuando se les aplicó un inhibidor de 

la acetilcolinesterasa (fisostigniina) Low y cols. 1982). De 

igual manera, Dunnet y col (1982} demostraron gue animaJes con 

transplantes de área septal previamente lesionados en la 

fimbria-fornix, aprendieron a alternar en un laberinto de "T" con 

la misrr,a eficiencia que el control; no asi los animales con 

transplante de locus coeruleus o simplemente lesionados en la 

fimbria-fornb:. Además en este último estudio, correlacionaron 

1 a recuperación conductual con el grado de inervación col inérgica 

del transplante al hipocampo hospedero (Dunnet y cols. 1982). 

Finalmente, cabe mencionar aquellos estudios donde existe una 

lesión en sí del hipocampo. Woodruff y col (1967) transplantaron 

hipocampo o talJ.o cerebral fetal en cavidades hechas previamente 

en el tiipocampo del hospedero. sus resulta dos indica ron gue 

Cimbos tipos de transpl ant.es crecieron y fueron inervados pCJr el 

hospedero. Sin en~argo, solo observaron la recuperación 

conciuctual en unc. ta:re.a de. a.prendi.r.aje en e.l grupo de ra~as qu.E:. 

ob~enióc er: o~ros ~~delos de ¡esión ~el hi;·0carepo 1 en los cuales 
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el transplante induce una recuperación conductual medida en el 

aprendizaje de un laberinto radial de 8 brazos (Tandon y cols. 

1988) o en otro tipo de labedntos (r:imble y cols. 1986), 

TRJ.llSPLJ..NTES EN L.>. NEOCORTEZA 

Los estudios realizados en esta estructura siguen generalmente 

dos aproximaciones. a) Lesión de la neocorteza en si; y b) 

Lesión de sus conexiones, corno por ej ernpl o 1 as aferencias que 

recibe del núcleo basalis magnocelularis 

A. - 1.esion de la cortez.a cerebral. 

Los primeros estudios conductuales con transplante de 

corteza fueron realizadas por Labbe y cols. (1983), en Jos cuales 

lesionaron la corteza frontal y midieron la tarea de laberinto de 

"T" con alternancia forzada. En dichos estudios encontraron que 

las ratas lesionadas ejecutaron la té.rea al azar, mientras que 

aquellas ratas que: recibieron el transplante: de corteza, n1ejoraron 

significativamente su ejecución. Cabe mencionar que las pruebas 

conductuales fueron llevadas a cabo poco tiempo después de haber 

realizado el tra.nsplante, por lo gue los autores consideran que es 

dificil gue se haya establecido algún tipo de reconstrucción de 

las vias o circu:i tos invoJ ucraclos en dicha conducta (Labbe y Col. 

1983). 

En 1986, Kesslak y cols. e.ncontraron de manera sorprender.te 

que transplantes de astrocitos purificados, aceleraban la 

recuperación conóuctuc.1 en una prueba de laberintc.• de "T" de 

f 



caso, la presencia neuronal para el res~ablecimiento de la 

realización de una tarea de aprendizaje (Kesslak y cols. 1986). 

Sin embargo, otros grupos si hc.n encontrado el 

establecimiento de conexiones hospedero-transplante cortical, como 

son aquellos estudios realizados en el rnode:lo de la via tálamo-

cortical. Por ejemplo, en los transplantes realizados en la 

corteza occipital, se ha observado el restablecimiento de la vi a 

núcleo geniculado lateral (NGL)-corteza occipital, aunque no se ha 

estudiado en este caso algún modelo conductual. otra 

aproximación en este sentido es la comunicada por Isacson y col 

(1988), donde encuentran el establecimiento de conexiones del 

transplante cortical con el núcleo basalis magnocelularis asi como 

con el locus coeruleus, en ratas previamente lesionadas con ácido 

kainico o con el écido N-metil-D-Aspártico. Además demuestran la 

actividad de la GAD, la ChAT y la captura de tt 3-Glutámico dentro 

de los transplantes. Basados en esos datos, los autores postulan 

la existencia de conexiones y la funcionalidad metabólica de los 

transplantes (Isacson y cols. 1988). 

Finalmente, los estudios más aproximados a un modelo de 

integración funcional de un transplante neuronal, son los trabajos 

publicados por el grupo de F.F.Ebner (1988,1989), donde se observa 

la innervación funcional del tálamo al transpl ante de corteza 

sensorimotora. E.l procedimiento que siguieron se dividió en 

cuatro fases: a) Sección de la ramc infraorbital del nervie 

7 



de las neuror-.as del transplante y de la corteza hospedera. 4) 

Análisis de) crecimiento de las fibras t:álamo-corticales dentro 

del transplante, mediante el uso de percxidasa de rábano. Estos 

investigadores reportaron que en los sujetos con lesión del nervio 

trigémino el 22% de neuronas registradas dentro del transplante, 

responden a la estimulación del nervio trigémino, o del movimiento 

de las vibrisas; encontrandcse el 85% en los sujetos normales. 

Además encontraron la presencia de peroxi.dasa de rábano en el 

transpJ ante, con lo cual demostraron el establecimiento de 

conexiones entre el transplante cortical y el tálamo del hospedero 

{Ebner 1988; Ebner y cols. 1989). 

De igual manera, Sorensen y cols. (1989) y Neafsey y cols. 

(1989) 1 demostraron el establecimiento de conexiones 

corteza-tálamo y lo que es más importante, demostraron también el 

establecimiento de una relación funcional en este mismo modelo. 

Dichos autor~s probaron que transpl antes de corteza sensorín1otora 

en una rata hospedera previamente lesionada, respondieron tanto a 

la estimuJación talámica como a la estimulación eléctrica de las 

patas delanteras (Sorensen y coJs. 1989; Neafsey y cols. 1989). 

B.-Lesión de las conexiones corticales. 

Con respecto a esta segunda metodología experimental, el 

modelo que se pretende seguir er.tá basado principalmente en los 

hallazgos que se han obtenjdo en el estudio de la enfermedad de 

Al.zhei~er y el envejecimjento. En d:i chos -::rabaj os se- ba 

reportado c.~ d?ca:.n~i.entc 

(Zornetzen and Thornpson 19S2J y ac~tilcoli.n~ (Coyle y cols. 1983) 



entre otros neurotransmisores en la corteza cerebral. Además se 

ha obsen'ado degeneradón de la corteza en si, al igual que en el 

hipocampo (Price, 1986). 

E>:isten varios modelos experimentales que comparten algunas 

caracteri sticas con la enfern1edad de Alzheimer, y que pueden ser 

de provecho para la investigación, como es el caso de los animales 

viejos gue presenten deficiencias conductuales o motoras medibles 

experimentalmente (Price, 1986). Sin embargo por el alto costo de 

dichos animales, entre otras razones, se han ideado otros modelos 

experimentales que semejen a la enfermedad de Alzheimer, como es 

la lesion del núcleo basalis magnoce.lularis. En animales con 

lesión de este núcleo, existe una depleción de acetilcolina en la 

corteza cerebral, que semeja a la presentada por los pacientes de 

enfermedad de Alzheimer, además de que también presentan 

deficiencias en algunas pruebas conductuales (Smith, 1988; Gage y 

cols. 1985.; Dunnet y cols. 1985). 

En 1985 A. Fine y cols. reportaron que transpiantes de tejido 

del cerebro anterior fetal, mejoran la ejecución de una prueba de 

prevención pasiva en ratas con lesiones previas del núcleo basalis 

magnocelularis (Fine y cols. 1985). Aun más, en el modelo de 

ratas viejas Dunnet y cols. (1988) y Collier y cols. (1988) 

encontraron que transplante:; colinérgicos y transplantes 

noradrenérgicos respectivamente., fueron capaces ele mejorar tareas 

de aprendi;:.aje en ra~cs viejas. que hab:ían n1ostrado defidenc:ia.s 

conduct~alPs pre,1 ia~en~~ al transpJa~te. 

TRANSPLli.liTES DE TEJIDO NEf1VjOSO: CONC'LUSION. 



A lo largo de esta introducción hemos visto algunos de los 

diferentes modelos donde se ha empleado la técnica del transplante 

de tejido nervioso, habiendo enfatizado los mDdelos principales 

donde se ha estudiado la relación transplante-aprendizaje. De lo 

anterior es posible obtener algunas pautas generales gue se han 

concluido respecto a los transplantes de tejido nervjoso. 

1.- Los transplantes de tejido nervioso son capaces de 

sobrevivir en un hospedero de su misma especie. 

2. - Los t:ransplant.es de tejido nervioso son capaces de 

expresar ma.rcadores fisiológicos noma 1 es que :reflejan su 

funcionamiento dentro del hospedero. 

3.- Los transplantes de tejido nervioso son capaces de 

estable:cer conexiones con el hospedero. 

4.- Finalmente, los transplantes de tejido nervioso son 

capaces de inducir recuperación funcional de conductas 

previamente perdidas por el hospedero, inclusive tareas de 

aprendiz.aje (Bermüdez-Rat.toni y cols., 1987; Escobary cols. 1989; 

Fernéndez- Ruiz y cols.), o mas aun, de conductas innatas (Paredes 

y cols. 1989). Cabe mencionar gue hast:a la fecha en gue se 

redactó la presente tesis, unicamente existían dos reportes que se 

ref ie:ren a la recuperac:i.on del condiciom:rniento aversi ve a los 

sabores -ver mas adelante- debido al t:ransplante de tejido 

nervioso, el primero de ellos es de nuestro grupo de trabajo 

(i3e:rrnúcle::-Ratton: v coJ s. , l; Bí) , y e2 f-e~unao fue desarrol le:ao 

pos:itivc1 del tronsplo.ntE= sobrt=-: la e>~;;:resior· co!iO.ui::t.t:al. 

1 [¡ 



EL CONDICIONAMIENTO Ji\'ERSIVO A LOS SABORES 

Una condicion e:sencj al para la supervivencia de cualquier 

organismo es su capacidad para obtener comida sufidente y de una 

composición adecuada. Los animales son capaces de seleccionar de 

entre toda una gama de alimentos, aquellos que les proporcionen 

una dieta balanceada de minerales, vitaminas, carbohidratos y 

aminoécidos esenciales. Lo anterior ha sido demostrado en 

experimentos de selección de alimentos, que han indicado que 

mediante procesos de aprendizaje, se relaciona la información de 

las propiedades sensoriales de la comida con las subsecuentes 

consecuencias de su ingestión (Richter, 1943; Domjan, 1977). Por 

otro lado se ha demostrado que la expresión de conductas innatas y 

adquiridas permiten a los organismos reconocer no solo a los 

alimentos nutritivos, sino que tarnbi~n a los gue les son tó>:icos 

(Gri.11 y Norgren, 1978). 

evaluación anticipatoria de 

Una de dichas conductas, es 

las probables consecuencias de 

la 

Ja 

ingestión de un alimento en particular; las dietas familiares son 

aceptadas o rechazadas de acuerdo con la experiencia previa del 

sujeto (Domjan 1975, 1977). 

Según Garcia y Koelling (1966), para que la comida que es por 

primera vez degustada sea evaluada, se requiere que sus 

propiedades sensoriales (generalmente el gusto) sear, conservadas 

en un "archivo mnernonico" de corto plazo, hasta que se defina su 

valor nut:ritivo e to>:icc, rnedian~e la infonr.ación 

funcionamiente del sis~erna gastroin~esinal. Es áeci::-, el ·.,..taJo:-

11 



será positivo si se consumió, por ejemplo, glucosa; en cambio si 

el alimento resultó toxico, dando lugar a sintomas de 

envenenamiento visceral, el valor sera negativo. El marcaje 

negativo de un alimento será manife~tado subsecuentemente como una 

aversión al gusto, y por lo tanto, una dismin"Ución en el consumo 

de dicho alimento. Este fenómeno es conocido como el 

condicionarn:iento aversivo a los sabores (CAS) (Garcia y Koelling 

1966). 

Los mocielos que se han desarrollado para el estudio de este 

fenómeno siguen generalmente una metodología ya estandarizada. A 

sujetos privados de agua se les da acceso a este liquido durante 

10 minutos tanto en la rriañana, como en la tarde. Se cuantifica 

el consumo djario de agua de los sujetos durante 10 días, a este 

consumo de agua se le conoce como linea base de ingesta. Al dia 

sigui.ente se Jes da acceso a la soJución deseada, que puede ser 

una solución de cloruo de litio, el cual produce una severa 

irritación gistrica, o una solución de sacarina sódica, seguida 

media hora después de LiCl, para producir la irrjtación gástrica, 

a esto se le conoce como adquisición de la aversi én. Los 

siguientes días se les da acceso al agua a los sujetos hasta que 

de nueva cuenta, alcanzan la linea base de ingesta. tlna vez 

restaurada la linea base se le~ da acceso a NaCl (que para la rata 

es indistinguible del LiCl), o a la sacarina sódica, según sea el 

caso. Ha sido arnpl i.arnente deniostradci que los su~ et.os sometj clos a 

es-¡:a nietodo1ogia, de".arroll::in un condicionandento aversívo al 

sabor que h&. sido apc.:re&dc1 a la irritación g2:s::rica; ~sto se 

12 



demuestra porque dichos sujetos disminuyen notoriamente la 

ingestión de la solución ya sea de NaCl o de sacarina !:'ódica. 

(Garcia y col., 1966). 

Las v1as neurales involucradas en este fenómeno comienzo.n en 

los receptores gustativos de la lengua, estos comunican su 

inforn1ación via los nervios VII y IX al núcleo del tracto 

solitario, el cual recibe tambien información de los receptores 

gustativc1s de la laringe y la faringe via el nervio X. El núcleo 

del tracto solitario también recibe información visceral del 

nervio vago, el cual es sensible a la irritación del estomago; 

este núcleo también recibe eferentes gue provienen del área 

postrema, región muy importante en la producción del vómito en J.as 

especies gue lo presentan. El segundo relevo gustativo se 

encuentra en el área gutatoria del puente, en el complejo 

parabraguial; en esta zona se han encontrado neuronas que 

responden tanto a los estimules gustativos, como a los viscerales. 

A partir de este núcleo, se encuentran proyecciones que van a 

estructuras del cerebro anterior como la amigdala, el hipotálamo o 

la substancia inominata (Norgren, 1977). Otro paquete de fibras 

asciende al talaruo ventro medial y al ventro postero medial para 

de ahi ascender a la corteza gustativa, la cual está localizada en 

la rata justo por encima de la fisura rhinal, rod.:ando a la 

arteria cerebral media. {Norgren, 1977). 

Finalmente cabe mencionar que lesiones en diferentes niveles 

de este circ~ito producen la pérdida del condiciotta~ientn av~rsiv~ 

a l::i.s sabores; por ejernplor en eJ laboratorje: h5nios demc.strado quE 

13 



lesiones a la amígdala, el núcleo ventro postero medial del 

tálamo, o la corteza gustativa producen dicha pérdida. 

OBJETIVO 

El primero de dos objetivos de la tesis de maestría fué 

determinar si el transplante establecía o no conexiones con el 

tálamo gustativo y con la amj gdala del hospedero; regiones que 

normalmerite forman conexiones con la corteza gustativa. 

El segundo objetivo fué determinar ·e1 curso te:n1poral tanto de 

las cone>:iones del transplante, como de la rc,ocuperación conductual de 

la expresión del CAS. 

Con este panorama en mente, me pe:rni to presentar en esta 

tesis ] a linea principal de experimentos que real icé durante mis 

estudios de maestría. Básicamente el trabajo se basó en los 

estudios del efecto producido por el transplante de tejido 

nervioso fetal, en ratas previamente lesionadas en la corteza 

insular gustativa, y su repercusión en una conducta de aprendizaje 

medida en el modelo conocido como condicionamiento aversivo a los 

sabores. 

La parte e>:perimental de la tesis está dividida en 3 partes. 

La primera es un articulo a modo de revisión, gue penrilte entender 

las generalidades del trabajo (Bermúdez-:Rattoni y cols. 1989). El 

segundo articulo demuestra las conexiones transplante-hospedero y 

la especificidad de la recuperación inducida por Jos transplantes 

(Escobar y cols. 19BS). 

Finalmente. el te::-ce:r articulo recuperación 



conductual con respecto a 1 't j empo y su relación con la 

conectividad transplante-hospE·dero así como la maduración celular 

del transplante en si (Fernandez-Ruiz y cols. 1989). 

15 



From: CELL FUNCTION ANO DISEASE 
Edited by L. E. Canedo, L. E. Todd, L. Packer 

and J. Jaz 
(Plenum Publishing Corporation, 1989) 

FETAL BRAIN TRANSPLANTS INDUCE RECOVERY OF MORPHOLOCICAL AND 

LEARNING DEFICITS OF CORTICAL LESIONED RATS 

INTRODUCTION 

Federico Bermúdez-Rattoni, Juan Fernández and 
Martha Lilia Escobar 

Instituto de Fisiología Celular, Universidad 
Nacional Aut6noma de México, México, D.F. 

The recovery from brain injuring has recently been obtained using 
the fetal brain transplant tecbnique in adult mammal brains. Tbus, it 
has been established that transplanted neurons differentiate and make 
connections with the host brain (Frotscher and Zimmer, 1986). 
Moreover, there are studies that have been able to show biocbemical 
and functional changes due to such transplants (Bjorklund and Stenevi, 
1977; Drucker-Col!n et al, 1984). Up until recently, some studies have 
shown cognitiva function recuperation (Bjorklund and Stenevi, 1985¡ 
Dunnett et al, 1985). 

In 1983 Labbe and coworkers, reported that rata with cortical 
transplants (E22) in the frontal neocortex were able to learn a 
spatial alternation task in fewer trials than lesioned control rata or 
rata with cerebellar implante, The recovery effects were seen just one 
week after transplantation, Moreover, it is noteworthy tbat 
cerebellar tissue transplants vhere atrophied while the frontal 
implanta survived and were bealthy and well integratcd vith the host 
tissue (Labbe et al., 1983; Stein et al., 1985). However, in 1987 
Dunnatt et al,, tried to replicate the anterior report and found that 
neocortical grafts (E21) produced a short-lasting improvement in the 
t-maze alternation performance, therefore they concluded that "·,. the 
short-lasting recovery in delayed alternation performance is 
attributable to diffuse influences of the embryonic Ussue on the 
lesionad bost brain rather to a reconnection of the damaged circuites" 
(Dunnet et al., 1987). 

Other studies have shown that the transplantation of either 
adult or embryonic frontal cortex accelerated the recovery of frontal 
cortex lesionad rats on a reinforced alternation task (Kesslak et al., 
1986). The authors found tbat the rate of bebavioral recovery 
correlates with the size of the surviving transplants. The recovery 
showed by animals vith cortical grafts could be partially answered by 
the findings of Sharp and Gonz&lez (1986), In this study, they 
reportad that there was an increase of survival thalamic neurons by 
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frontal cortical graft.s .. as. i;:om~~~ed ~it)l , thoae .. C?rtical lesioned 
animals. Moreover, .'they' 'showed 'the• exis'tence of recl.¡lrocal connections 
between' the 'thalamus. an'd the''graft by HRP-WGA ·injections. 

The rea~o~s ~or .reconnection between host-graft are not well 
understood. Nevertheless, Chang and coworkers (1986) propase that 
while the factora determining the cortical arrange are intrinsic to 
the graft, the factora that determine the innervation between graft 
and host dependa on the cellular environment which surrounds the 
grafted tissue. The first proposal has been demonstrated with grafts 
taken from frontal ar occipital cerebral cortex that were placed into 
the occipito-parietal region of newborn rata. Resulta showed that the 
grafts developed normal pattern of lamination, with its original 
orientation, i.e.; the grafts had inverted orientation if they were 
placed upside down (Chang et al., 1986). The demonstration of the 
aecond comes from the same study in which the authors showed that 
rogardleea where the cortical area of the grafted tissue was taken, 
the tranaplants consistently received projections from those thalamic 
nucld that normally innervated the adjacent host cortex, These 
r11ulta suggest that while immature cortical tissue may has an 
intrinsic, and perhaps autonomous, ability to develop lamination, the 
afferant and efferent cortical projections are most likely specified 
by extrinaic factors. However, far other authors the development of 
apecific cell types and connectivity of the homotopic grafts, were 
modiated by intrinsic factors, as well as by the presence of some 
enzymes fundamental far the neurotransmitters synthesis (Smith et al., 
1985). The authors indicated that the tissue taken at later atages of 
embryonic development (after cell migration and cortical plate 
farmation) containa neurons that will expresa the synthetic enzyme far 
glutamic acid dccarboxylase (GAD). When this happens, the GAD-labeled 
neurona in the surrounding host brain do not sprout into thc 
transplants, On the other hand, neocortex taken at an early stage of 
development, in which the cell division and migration are just 
b1ginning, fails to exprese GAD and presumably contains no GA8Aergic 
neurons. Under theee conditions the hoet GAD-positive neurona sprout 
profusely into the transplant. Therefore, the expression of sorne 
enzymes fundamental for the neurotransmitter synthesie, is very 
important far the innervation of host-graft (Smith et al., 1985). 

In this regard, other studies had be en made to investigate the 
innervation of grafts by host tissue. In 1986 Ebner and Erzurumlu, 
demonstrated that neocortical tiesue transplants were innervated by 
thalamocortical axons of different ages hoste, With this pu1·pose, the 
outhors analized groups of newborn, and 30 days old rata, which 
received neocortical grafts. The most profuse reinnervation was 
observed in the group of newborn rats, while the subjects with 30 days 
showed fewer projections. One year befare Rose and Ebner (1985) 
identified the differential capacity of severol thalamic nuclei 
(ventrobasal complex; VB and posteromediol nucleus; POm) to innervate 
tranaplants localized in tho somatosensorial cortex St, The grafts 
received afferents from POm but not from VB, which showed the 
differential capacity of both tholamic nuclei to innervate neocortical 
grafts. Finally, Hamasaki et al. (l 987) transplanted lateral 
geniculate nucleus (LGN) from fetal rata into the visual cortex (VC) 
of neonatal rata, their resulte indicated that eynaptic connectione 
were established reciprocally between the transplanted LGN and the 
host VC, The presence of connections were observed through electro
physiological methods. All these researches, suggest the potential 
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plasticity of the neocortical grafts, as well as their capacity to 
reestablish reciprocal connections with the host tissue. 

CONDIT!ONED TASTE AVERSIONS 

A wide varieties of animals can associate flavor with toxic 
effects apparently as a r~sult of the coevolution of protective 
mechanisms on the host species (See Garcia et al,, 1985; Garcia et 
al., 1977). These flavor-illness associntions have been demonstrated 
in many laboratories and with different species (Garcia et al., 1977), 

· Thus, taste is readily associated with illness producing the 
conditioned taste avereions (CTA) after a single taste-illness 
experience. Unlike most other demonstrations of classical 
conditioning the de lay between the tas te (conditioned stimulus ¡ CS) 
and the illness (unconditioned stimulus; US) could be an hour or more, 
and it is possible to have a strong taste aversion, The audio-visual 
signals are poor CS for a toxic US, they acquire little or no aversive 
properties following a single toxic US, In contrast, the audio-visual 
signal can be readily associated with the footshocks US, wherens 
tas tes are poor CSs in shock avoidance conditioning (García et al., 
1982¡ 1985). This difference in conditioning has been termed cue
consequences specificity (García and Koelling, 1966; Domjan, 1985), 

One of the advantages to use this paradigm in the study of neural 
recovery by brain transplants, rests in the knowledge of the neural 
pathways involved .in the CTA conditioning. Therefore, it is possible 
to know if fetal brain transplants could recover the previous damaged 
CTA pathways, and this could be correlnted with functionnl recovery, 

The neural mediation of conditioned taste aversion has been 
established with the use of anatomical, electrophysiological and 
behavioral methods (See Fig. 1). Thus, it has been established that 
the nucleus solitarius (NTS¡ the first gustatory relay) receives heavy 
visceral input from the hepatic branch of the vague (seneitive to· 
stomach irritating toxina) as well as inputs from the area postrema 
(sensitive to blood-irritating toxina) and the vestibular system 
(sensitive to nausea-causing motion). The NTS also receives primary 
taste afferents from the entire tangue via nerves VII and IX and from 
the larynx and parynx via X (Trovera et al., 1987). Neurona responded 
to both gustatory and visceral stimuli are found in the pontine taste 
area of the parabrachial complex (second gustatory relay). 

There are two main projections from the pontine taste arca. Onc 
major projection of fibers pasees to ventral forebrain structures, 
such as the amygdala, lateral hypothalamus, and the substantia 
innominata (Norgren, 1974). The second projection ascends 
ips1laterally in the central tegmental bundle to the posterior 
ventromedial and ventromedial nucleus of the thalamus, a zone 
identified as ~a re lay si te for gustatory and lingual afferents. 
(Norgren and Leonad, 1973; Kiefer, 1985). The thalamic toste area 
projects to the gustatory neocortex (GN), a small band located in the 
anterolateral part of the cortex, 1 mm wide by 3 mm long along the 
rhinal sulcus in rat (Norgren and Wolf, 1975). Recently, Lasiter 
described a direct projection from GN to the amygdaloid complex via 
the internal capsule. The trajectory of these projections were 
established by application of horseradish peroxidase (HRP) in the GN 
which produced retrograde cellular labeling within the ipsilatcral and 
basolatcral amygdaloid nuclcus (Lasiter, 1982). 
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Fig. l. Schematic drawing outlining the gustatory and visceral 
pathways in the rat. Abbreviations: (NTS) solitary 
nucleus, (PllM) medial parabrachial nucleus of the 
pons, (VM, VPM) ventromedial and posterior 
ventromedial thalamic nuclei, (AM) amygdala, (GN) 
gustatory neocortex. 

Several studies have shown that the GN area is involved in the 
associative aspects of taste reaponding, but not in the hcdonic 
responses to tas te (Kiefer, 1985). Thus, rata lacking GN have a 
disrupted acquisition of taste aversions compared with the proper 
controla (Kiefer, 1985; Bermúdez-Rattoni et al., 1987 and Lasiter and 
Glanzman, 1985). Moreover, rata that were trained to avo id specific 
taste and followed by ablation of the GN, in the postoperative tests 
the lesioned animals showed no evidence of retention (Braun et al., 
1981). On the other hand, the hedonic response of a lesioned GN rats 
appear to be normal. Since, it has been demonstrnted that CN lesioned 
animals consume abovc water base-linee sucrose ns well as low 
concentrations of sodium chloride. In nddition, GN rnts are able to 
reject quinine and add solutions as normal rata do (Kiefer, 1985: 
Grill, 1985). These resulta indicated that GN integrity is not 
necessary for normal taste responsiveness. Moreovcr. it has bcen 
demonstrnted that taste responsiveness remained intact even in 
decerebrate rats (Grill and Nargren, 1976). 
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BRAlN GRAFrS INDUCE RECOVERY OF TASTE AVERSION LEARNlNG 

In a first series of experimente, we showed that the recovery of 
the lost ability to acquire taste aversions due to GN lesione is 
poeeible with homotopic cortical fetal brain transplante. Briefly, 
male Wistar rata, were randomly nssigned to one of two groups. Large 
bilateral electrolytic lesione were made in one group to encompaes the 
guetatory neocortex (Krieg 1s areas 13 & 14; See Fig. 1), the other 
group remained as unoperated control. Following post operative 
recovery the animals were deprived for 24 hre,, and trained to drink 
water daily during 5-minute trials for 10 daye (See Fig. 3). The 
coneumption volume was taken every day. On the acquieition trial, 0.1% 
eaccharin wae preeented as a es and followed 30 minutes later by 
intragaetric LiCl (190 mg/kg) as US, An extinction trial was given 
after two water intake baseline measures; during extinction the CS was 
presented again, and the test volume seores were taken, this sequence 
was repeated once more. 

Two days after the second extinction trial, the lesioned animals 
were divided randomly in four groups: One group received cortical 
homotopic grafts (GGN); other group heterotopic cortical occipital 
(GON) grafts¡ other group received heterotopic tectal (GT) graft¡ the 
last group remained without transplant as a lesioned control (LxGN). 
Seventeen-day old fetuses were removed from the abdominal cavity of 
pregnant rats. The fetal brains were taken (See Fig. 2), and the 
temporo-parietal aren (above the rhinal sulcus) for the GGN group, 
occipital area for the GT group, and the tectal area for the GT group 
(See Seigor, 1985), were dissected under a microscope. The blocka of 
tissue were all then stereotaxically placed into the GN area with the 
same etereotaxic coordinates ueed to make the previoue leeion 
(Bermúdez-Rattoni et al., 1987). After eight weeke of recovery, the 
four groups of rata were retrained in the aame behavioral procedure 
deecribed above. Resulte indicated that leeioned animals teated 
before transplantation ehowed the expected diarupted tasto aversione 
when compared with the unoperated controle (Fig, 4), The poetgraft 
resulte revealed that the animale with homotopic and heterotopic 
occipital grafte recovered the ability to acquire the taete illnees 
aeeociation and were not eignificantly different from the control 
group. On the other hand, the groupe which received the heterotopic 
tectal traneplants or remained without traneplant did not show any 
behavioral recovery (See Fig. 4; Bermúdez-Rattoni et al., 1987), 

FETAL GN GRAFTS PRODUCED RECONNEC'IlVITY WITH THE HOST TISSUE 

In other series of experimente we demonstrated with HRP 
histochemistry, that the transplants were able to reestablish 
connectivity with those areae that have been deecribed as having 
normal connectione with the GN. We followed the horeeradiah peroxidase 
protocol according to Meeulam (1982) technique and counterstained with 
thionine. The slices were examinad and photographed under bright and 
dark field microecopy for the presence and location of retrogradely 
labeled neurona. Briefly, eome control animals received a unilateral 
injection (O, 5 ul) of HRP in the amygdala. The GN, occipital and 
tectal grafted animals received the eame eolution in the amygdala, 
always ipsilateral to the graft (Escobar et al., submitted). 

265 



2ee 

Jr® 
! @ 

·--s-·• @ 
BEHAVIORAL TEST 

!@ 
-~ TRANSPLANT 

~® +-liiliiil 
! (i) 

EIGHT WEEK LATER 
BEHAVIORAL TEST 

Fig. 2. Sche111&tic representation of the methodological 
sequence. l. Electrolytic lesione in the GN, 2. 
Behavioral test (eee Fig. 3). 3, ~ an.: 5 transplant 
procedure; obtention of salid tissue from embryonic 
rata donnors; solid tissue block vas put into a petry 
diah and aspirated by 100 ul Hamilton eyringe. 6. 
Traneplente were about 5 ul of embryonic tissue 
implanted with stereotaxic methode, 7. Eight weeks 
poat-graft the behavioral training was given once 
more. 



Resulta from HRP revealed that sections from control animals 
vhich received the enzyme in the amygdala, shoved reaction product 
boundaries extended l mm in diameter surrounding the area of the 
tracer application (Escobar et al., submitted). HRP labelled cella 
vere always found in the ipsilateral gustatory neocortex (Krieg 1 s are a 
13 and 14), and in the ventromedial nucleus of the thalamus (See Fig. 
5). 

BEHAV!ORAL TEST 

© 
Hzº~~ 

1EST 
NO AVERSION 

H20 f4\ :SO mln 
+ ... \;;:J Po1t 

HCChorln lt> ~ 
lEST 

AVERSION 

Fig. 3, Schematic representation of behavioral training 
sequence. 1. Training for 10 days to drink water for 5 
minutes, 2. Acquieition day; presentation of 
saccharin disolved in the water (.1%) followed 30 min 
later with an infusion of LiCl (IG¡ 190 mg/kg). 3. 
Test day with saccharin in the water¡ Lesionod animals 
did not showed tasto aversion, consuming similar 
quantities of the solution as baseline day. 4. Normal 
animals reject the solution, showing tasto aversion, 

The HRP histochemistry resulta support previous obaervations, 
that there is normal connectivity betveen amygdala and gustatory 
neocortex (Lasiter, 1982), since applications of HRP in tho amygdala 
cloarly produced labelled neurona in the ipsilateral gustatory 
neocortex of normal rata. Horeover, retrograde cellular labeling was 
found in the VPH of the thalamus, resulting from HRP applications in 
the amygdala. These resulta are in close agreement with those found 
by Lasiter (1982) and Kretek and Price (1974). 
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In general, the GN and occipital brain tranaplants appeared to be 
healthy and placed in the appropriate target area of the host brain. 
In both CGN and CON brain transplants wc found acaree llRP labclcd cella, 
although we found a good ammount of llRP labeled cella in the VPM and 
VM nucleus of thalamua in the ~ame animals. The low density in the 
graHs have been previously described in studies that used llRP as a 
tracer for marking projections between host-graft tissues. Thus, a 
few labeled cella have been found when fetal brain transplants have 
been made in the hippocampus, occipital and somatosensory cortex, 
(Bjorklund and Stenevi, 1979; Jaeger and Lund, 1981; Kromcr et al., 
1980; Roas and Ebner, 1985). The reaaon of the low density of laheled 
cella has not yet been established (See, Jones, 1975). One hypothesis 
is thst the fetal brain transplant is still under development and 
therefore their neurona are just starting to make connections with the 
host tissue. However, it has been shown that developing neurona are 
more efficient for incorporating peroxidase (Kristensson and 
Sjostrand, 1972). It is possible therefore, that the fetal hrain 
transplant makes connections with ita hoat, although not in a complete 
and normal fashion. 
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transplant. Right side shows the resulta of one tasto 
test trial eight weeks after transplant; * p < o.os, 
** p < 0.01 (Dunnet test). (Far description of groups 
see text). 



On the other hand, the heterotopic tectal transplants did not 
integrate well with its hoet,. There was a heavy glial invasion, 
necrosis, abundant vacuoles and very scant vascularization. 
Therefore, a complete lack of HRP labeled cella were found in the 
grafted tissue, Nevertheless, there were l!RP labeled cella in the VM 
and VPH nucleus of the thalamus of the same rata (Escobar et al., 
submitted), 

Fig. 5, Schematic representation of l!RP injection in the 
amygdala (AH) and retrogradely labeled neurona within 
the gustatory neocortex (GN) and ventromedial nucleus 
of thalamus (VPH) , 

DISGUSSION 

lt is clear that guetatory neocortex lesiona in rata produced 
disruption in the ability to associate the taste with its visceral 
consequencea, these resulte have been reported several times (Braun et 
al., 1982; Kiefer, 1985), Horeover, the fetal brain transplante 
produced a eignificant recovery in the ability of lesioned rats to 
aeaociate the tasto with the visceral coneequences (Bermiidez-Rattoni 
et al., 1987). The poseibility of spontaneoue recovery was excluded, 
because the animals with GN lesione that did not receive any 
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trnnsplant, were unable to acquire the CTA after 8 weeks even with two 
acquisition trials (Yirmiya et al., 1987; Bermúdez-Rattoni et al., 
1987). In contrast, in a previous report it was found that animals 
with lesiona in amygdala showed. spontaneous recovery sfter eight wccks 
post operation, when tested in taste aversion conditions (Bermúdez
Rsttoni et al., 1987). Similar spontaneous recovery has been reported 
with large ablations of frontal cortex in an alternation task aftcr 
six weeks postoperation (Dunne tt et al., 1987). 

Elsewhere we attempted to explain thcse functional differences 
between amygdala snd GN. One possible explanation is that amygdala 
lesion produced reorganization of other elements in the neuronal 
network (Prado-Alcalá et al., 1978; Prado-Alcalá and Cabos Zapialn, 
1979). This idea has been demonstrated with functional alteration of 
the neostriatum. Thus, chemical alterations (i.e., microinjection of 
anticholinergic drugs) of the neostratum produces severe disruption of 
learned tasks (Prado-Alcalá et al., 1978). However, 1f the animals are 
overtrained, similar functional alterations do not produce disruption 
of the same learned tasks (Prado-Alcalá and Cobas Zapia{n, 1979). 
Therefore, it is possible to conclude that after the overtraining, the 
encoding necessary for the performance could be transferred to another 
neuroanatomical or neurochemical system. In our experimental 
conditions, overtraining could have been produced by repeated 
acquisition of tas te aversion trials. Therefore, a plausible 
explanation far the differential effects between the cortical and 
amygdaloid lesiona, is that for taste aversion learning the GN is a 
permanent memory · store, whereas the amygdala only intervenes as an 
in1t1al step storage for CTA (Bermúdez-Rattoni et al., 1987). 

Our preliminary resulta showed tbat thcre is sorne recovery 
gradient regarding upan the place where graft tissue was taken. In 
Fig. 4 it is clear that the best behavioral recovery are from thosc 
animals which received homotopic cortical tissue {GGN), followed by 
those of occipital tissue (GON). Those animals which received tectal 
heterotopic tissue ar remained without any transplant did not show any 
behavioral recovery. These resulta indicated that far taste aversion 
only cortical fetal brain tissue produced the recovery. Scveral 
authors employing othcr . areas and different behavior tasks have 
reported that some tissue specificity is needed far anatomical and 
functional recovery. Stein and coworkers in 1985 made heterotopic 
cerebellar transplants into the frontal cortex and did not find any 
functional recuperation in a maze learning task. Moreover, they found 
a lack of 1ntegrat1on of the cerebellar grafts with the host tissue as 
compared with the frontal graft integration. Similar resulta have 
been found when retina grafts are transplanted to a non-visual system 
location such as the cerebellum; the grafts do not farm projections 
into thc host brain, and the ganglion cella within the transplant 
degenerated (McLoon et al., 1985). In our resulte, the hetcrotopic 
tectal transplants did not integra te with its host, and there wcre 
heavy glial invasion, necrosis and very scant vaecularization. 
Moreover, there were a lack of HRP labeled cells in the grafted 
tissue. The animals with tcctum grafts did not recovar the ability to 
associate taste with ita visceral consequences (Bermúdez-Rattoni et 
al., 1987). These resulta give further support to the idea that sorne 
tissue spec1f1city is needed far bchavioral recovcry. 

ACKNOWLEDGEMENTS 

This research was supported by Grant from CONACyT:PCEXCNA-050290. 
We thank Mrs. Maria Teresa Torres far preparing the manuscript. 

270 



REFERENCES 

Bemúdez-Rattoni, F., Fernández, J., Sánchez, M.A., Aguilar-Roblero, 
R, and Drucker-Col!n, R., 1987, Fetal brain transplants induce 
recuperation of tas te aversion learning., Brain Res,, 416: 147-
152, 

Bjorklund, A. and Stenevi, U., 1977, Reformation of the severed septo
hipocampal cholinergic pathway in the adult rat by transplanted 
septal neurons, Cell. Tissue Res. , 185: 285-302, 

Bjorklund, A. and Stenevi, U., 1979, Reconstruction of the 
nigrostriatal dopamine pathway intracerebral nigral transplants, 
Brain Res., 177:555-560. 

Bjorklund, A. and Stenevi, U., 1985, "Neural Grafting in the 
Mammalians CNS", Elsevier, Amsterdam. 

Braun, J,J,, Kiefer, S.W,, and Ovellet, J,V,, 1981, Psychic agensia in 
rata lacking gustatory neocortex, Exp. Neurol., 72:711-716, 

Brown, J,J,, Lasiter, P,J, and Kiefer, s.w., 1982, The gustatory 
neocortex of the rat, Physiol. Psychol,, 10:13-45. 

Chang, F.L.F., Steedman, J,G. and Lund, R.D., 1986, The lamination and 
connectivity of embryonic cerebral cortex transplanted into 
newborn rat cortex, J. Comp. Neurol,, 244 :401-411. 

Domjan, M., 1985, Cue-consequence specificity and long-delay learning 
revisited. Ann. N, Y, Acad. Sci. 443: 54-66. 

Drucker-Colín, R,, Aguilar-Roblero, R., Garc!a-Hernández, F,, 
Fernández-Cancino, F. and Bermúdez-Rattoni, F., 1984, Fetal 
suprachiasmatic nucleus transplants: diurnal rhythm recovery of 
lesioned rats, Brain Res., 311: 353-357. 

Dunnett, S,8,, Ryan, C.N., Levin, P.D., Reynolds, M, and Bunch, S,T,, 
1987, Functional consequences of embryonic neocortex transplanted 
to rats with pre frontal cortex lesione. Behav, Neurosci. 
101:489-503. -- ---

Dunnett, S,8,, Toniolo, G., Fine, A., Ryan, C,N., Bjorklund, A, and 
!versen, S,B., 1985, Transplantation of embryonic ventral 
forebrain neurona to the neocortex of rata with lesiona of 
nucleus basalis magnocelularis II. Sensorimotor and learning 
impairments, Neuroscience, 16: 787-797, 

Ebner, F.F. and Erzurumlu, R.S., 1986, Innervation of embryonic 
neocortical cell suspensions by thalamocortical axons of 
different aged bosta, Soc, Neurosci. Abstr., 12:973. 

Escobar, H., Fernández, J., Guevara-Aguilar, R. and Bermúdez-Rattoni, 
F,, 1988, Fetal brain grafts induce recovery of learning deficits 
and connectivity in rats with gustatory neocortex lesion. 
Submitted 

Frotscher, M. and Zimmer, J,, 1986, Intracerebral transplant of the 
rat fascia dentata: a Golgi/electron microscope study of dentate 
granule cells, J. Comp. Neurol., 246: 181-190. 

Garcia, J, and Koelling, R.A., 1966, Relation of cue to consequence in 
avoidance learning, Psychonom. Sel,, 4: 123-124. 

Garcia, J., Rusiniak, K.W. and Brett, L.P., 1977, Conditioned food
illness aversion in wild animals: Caveant canunici., in: 
"Operant-Pavlovian interaction"• H. Davis and H, Hurwitz, ed7, 
Lawrence Erlbaum Aesociates, New Jersey. 

Garcia, J,, Lasiter, P.S., Bermúdez-Rattoni, F. and Deems, D., 1985, A 
general theory of aversion learning, Ann. N.Y. Acad. ~ .. 443:8-
20. 

Garcia, J,, Rusiniak, K.W., Kiefer, J.W. and Bermúdez-Rattoni, F., 
1982, The neural integration of feeding and drinking habita, !!!_: 
"Conditioning", C, Woody, ed., Plenum Presa, N.Y. 

Grill, H.J., 1985, Physiological mechanisms in conditioned taste 
aversions, Ann. N.Y. Acad, Sci,, 443-67-8B. 

271 



Grill, H.J. and Norgren, R., 1978, The taste reactivity test. 11. 
Himetic responses to gustatory stimuli in chronic thalamic and 
chronic decerebrate rats, Brain Res., 143: 281-297. 

Hamaaaki, T. et al., 1987, Electrophysiological study of synaptic 
connections between a transplanted lateral geniculate nucleus and 
the visual cortex of the host rat, Brain Res., 422: 172-177. 

Jaeger, C.B. and Lund, R.D., 1980, Transplantation of embryonic 
occipital cortex to the brain of newborn rats 1 Exp. Brain !!:.!· 1 

40: 265-272. 
Jaeger, C.B. and Lund, R.D., 1981, Transplantation of embryonic 

occipital cortex to the brain of newborn rats: A Golgi study of 
mature and developing transplants, J. Comp. Neurol., 200:213-230. 

Jones, E.G., 1975, Poasible determinante of the degree of retrograde 
neuronal labeling with horseradish peroxidase, Brnin Res., 85: 
249-253. 

Kesslak, J.P., Brown, L., Steichen, c. and Cotman, C.W., 1986, Adult 
and embryonic frontal cortex transpl.::mts after frontal cortcx 
ablation enhance recovery on a reinforced alternation task, §!E.:.. 
Neurol., 94:615-626. 

Kiefer:-T.w., 1985, Neural mediation of conditioned food aversions. 
J. Ann. N.Y. Acad. ScL, 443:100-109. 

Krettek, J.E., and Price, J.L., 1974, A direct input from the amygdala 
to the thalamus and the cerebral cortex, Brain Res., 67:169-174. 

Kristensson, K. y Sjostrand, J,, 1972, Retrogr'iüietrañiiport of protein 
tracer in the rabbit hypoglossal nerve during regeneration, Brain 
Res., 45: 175-181, --

Kromer:- L.F., Bjorklund, A. and Stenevi, U., 1980, Innervation of 
embryonic hippocampal implanta by regenerating axons of 
cholinergic septal neurona in the adult rat, Brain Res., 210: 153-
171. 

Labbe, R., Firl, A. Jr., Hufson, E.J. and Stein, D.G., 1983, Fetal 
brain transplants: reduction of cognitive deficits in rata with 
frontal cortex lesiona, Science, 221:470-472, 

Lasiter, P.S., 1982, CorticiiISiiiiiitrates of toste aversion learning. 
Direct amygdalocortical projections to the gustatory neocortex do 
not mediste conditioned taste aversion learning, Physiol. 
Psychol., 10: 377-383. 

Lasiter, P.S. and Glanzman, D.L., 1985, Cortical aubstrates of tas te 
averaion learning: Involvement of the doraolateral amygdaloid 
nuclei and temporal neocortex in taste aversion learning. Beho.v. 
NeuroscL, 99:257-276. ---

McLoon, L.K., McLoon, S.C., Chang, F .L. F., Steedman, J .G. and Lund, 
R.D., 1985, Visual system transplanted to the brain of rata, .!!!: 
"Neural grafting in the mammalians CNS", Bjorklund, A. and 
Stenevi v. eds., Eleevier Science Publishers, B.V. 

Mesulam, M.M., 1982, Tracing neural connections with horseradish 
peroxidase, John Wiley and Sana ed., N.Y. 

Norgren, R., 1974,Gustatory afferents to ventral forebrain. ~ 
Rea., 81:285-295. 

Norgr;,;:- R. and Leonard, C.M., 1973, Ascending central gustatory 
pathways, J. Comp. Neurol., 150:217-238. 

Norgren, R. and Wolf, G., 1975, Projectione of thalamic gustatory and 
lengual areas in the rat, Brain Res., 92: 123-129. 

Prado-Alcalá, R.A., Bermúdez-Rattoni, F., Velázquez-Mardnez, A. and 
Bacha, G.H., 1978, Cholinergic blockade of the caudate nucleus 
and spatial alternation performance in rata: overtraining-induced 
protection against behavioral deficit, ~·, 23:889-896. 

Prado-Alcalá, R.A. and Cobos-Zapialn, G., 1979, Interference with 
caudate nucleua activity by potaesium chloride, Evidence for a 
moving engram, Brain Res., 172: 577-583. 

272 



Rosa, D.T. and Ebner, F.F., 1985, Neocortical transplants in the 51 
cortex of adult mice receive thalamic afferents from the 
posteromedial (POm) but not · the ventrobasal (VB) nucleus, ~ 
Neurosci. Abstr., 11:974. 

Seiger, A., 1985, Preparation of immature central nervous system 
regions for transplantation, in: "Neural grafting in the 
mammalian CNS", Bjorklund, A. and Stenevi, U., eds., Elsevier 
Science Publishers, B.V. 

Sharp, F.R, and González, M.F., 1966, Fetal cortex transplants 
attenuate thalamic atrophy caused by neonatal frontal corte>< 
lesions: \IGA-HRP and amino acid studies of connections between 
motor conex and thalamus of neonatally lesioned rata with and 
without transplants, Soc. Neurosci. Abstr., 12:1473. 

SD>ith, L,M., Hohmann, Ch. and Ebner, F.F., 1985, The development of 
spectfic cell types and connectivity in neocortical 
tranaplantation, in: "Neural grafting in the mammalian CNS", A. 
Bjorklund and U. Stenevi, ed., Elsevier Science Publishers, B.V. 

Stein, D.G., Labbe, R., Firl, A. and Mufson, E.J., 1985, Behaviorol 
recovery following implantation of fetal bratn tissue into mature 
rata with bilateral, cortical lesione, in: "Neural grafting in 
the mammalian CNS", A. Bjorklund and U.Stenevi, eds., Elsevier 
Science Publtshers, B. V. 

Travers, J.B., Trnvers, S.P. and Norgren, R., 1987, Gustatory neural 
processing in the hindbratn, Ann. Rev. Neurosci., 10:595-632, 

Yirmiya, R., Zhou, F.C., Holder, M.o., Deems, O.A. and Garcia, J,, 
1987, Ammelioration of lesion induced deficit in taste"illness 
integration by gustatory neocortex transplantation. Schmitt 
Neurological Sciences Symposium, Univ. Roches ter, N, Y. 

273 



368 

BRll 23327 

Brai11Rcsearc/1, 478(1989) 368-374 
Elscvicr 

Fetal brain grafts induce recovery of learnlng deflcits and connectivity 
In rats with gustatory neocortex lesion 

Martha Esc0bar1
, Juan Fcrnández1

, Rosalinda Guevara-Aguilar and 
Federico Bermúdez-Rattoni1 

1 Deparlame1110 de Neurociencias, /11sli1uro de Fisiolog(t1 Ce/11/ar a11d 2Dcpc.lrlt1mc1110 ele Fisiolog(a, Facultt1cl ele Mc1lici11a, 
Ur1frersidad Nt1cim1al Auldt1oma de México, México D. F. ( Mexico) 

(Acccptcd 11Octobcr1988) 

Kcy word~: Conditíoncd laste avcrsion; Fetal brnin transplant; Grafting¡ Horscradish pcroxidusc; Gustatory ncocortcx 

Thrcc groups of rals showing disruptcd tastc avcrsion duc to gustatory ncocortcx lcsions. wcrc studicd. Onc group rcccivcd a trans· 
planto! homotopic cortical tissuc, anothcr o! hctcrotopic tcclal tissuc, obtaincd from 17-day-old lctuscs. Thc third group rcmaincd 
without transplant as a lcsioncd control group. Comparisons ar thc laste aversion seores befare und aítcr graft1 rcvcaled thal cortical 
graftcd animals significantly improvcd thc tastc avcrsion, whcrcas thosc which rcccivcd tcctal grafts, and thc cortical-1csioncd con· 
trols did nol. Morcovcr, rcsults with horscradish pcroxidnsc (HRP) histochcmistry rcvcalcd that thc homolopic, but not thc hctcroto· 
pie, brain transplants wcrc ablc to rc·cstablish conncctions with amygdala and with thc vcntromcdial nuclcus o! thc thalamus arcas 
who normally kcpt conncctivity with thc gustatory ncocortcx. Thcsc rcsults support thc hypolhcsis thal lctal brain transplants can re· 
cstabllsh cognltivc (unctioni;, ns wcll as conncctivity with its host tissue. 

The fetal brain transplant tcchniquc has been used 
to study recovery of previously damaged brain re· 
gions of the adult rat3• lt is well known that fetal 
brain transplants cstablish functional and anatomical 
connections with the host brain2•3•9• Thus differcnt 
bchavioral procedurcs have bccn cmploycd to study 
rccovcry of cognitivc functions with fetal brain trans· 
plantst,10.22. 

Onc modcl that has bccn widcly used in thc study 
of lcarning processes is thc conditioncd tastc avcr· 
sion 12. In this paradigm, normal rats acquirc avcr· 
sions to a laste cuc conditioned stimulus (CS} whcn it 
is followcd by illncss as an unconditioncd stimulus 
(US}. 

The anatomical pathways for CT A lcarning have 
been cstablishcd with thc use of anatomical, electro· 
physiological and bchavioral methods6•17 • For cxam· 
ple, ncurons rcsponding to both gustatory and visce
ral stimuli are found in thc pontinc tastc arca of thc 
parabrachial complcx17•31 • From this arca, thcrc are 

fibcrs of tastc·responsc cells that ascend to thc pos· 
tcrior vcntromcdial and vcntromcdial nuclcus of thc 
thalamus (VPM and VM} whcrc thcy make synapsis 
with cclls that in turn project fibcrs to thc gustatory 
ncocortex {GN)17·24 • Rcccntly, Lasitcr23 dcscribed a 
dircct projeclion from GN to thc amygdaloid com· 
plcx via the cxtcrnal capsule. Thc Irajectory of thcse 
projections wcrc cstablished by application of horsc· 
radish pcroxidase (HRP} within thc GN, which pro· 
duced retrograde ccllular labcling within the ipsilat· 
eral and baso lateral amygdaloid nuclci23

• Furthcr· 
more, the involvcmcnt o! this arca in CT A lcarning is 
dcmonstratcd by thc obscrvation that lcsions of GN, 
disrupt both acquisition and rctcntion of a lcarncd 
tastc avcrsion17·24

• Moreovcr, it has rcccntly becn 
shown that letal brain transplanls placed into thc te· 
sioncd GN produced n rccovcry o! prcviously lost 
CTA1·n. 

This rcport compriscs two cxpcrimcnts. In a first 
cxpcrimcnt, wc attemplcd to dcmonstrntc that lhc 
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rccupcration of the lost ability to acquire taste aver· 
sions duc to GN lcsions, is possible with cortical but 
not with tectal fetal hrain transplants. In a sccond ex
pcrimcnt, we dcmonstrated, using HHP histochcmis· 
try, that the transplants are able to rc·cstablish con· 
ncctivity with those •reas that havc bcen describcd as 
having normal connections with thc GN. 

Malc Wistar rats, wcighing 250-275 g, wcrc ran· 
domly assigncd to one of two groups. Largc bilateral 
clcctrolytic lesions wcrc madc undcr pcntobarbital 
anesthcsia (SO mg/kg) to cncompass the gustatory 
neocortex (Kricg's arcas 13 and 14; stercotaxic coor· 
dinates: AP = + 1.2, L = ±5, H = -5, from skull lcv· 
el) in 15 animals, and 6 sham-opcratcd animals wcrc 
used as controls (CON). Following post-operutive 
rccovery (8 days), the animals wcre deprivcd for 24 
h, and traincd to drink water daily during 5-min trials 
for 10 days. Thc consumption volumc was takcn cv· 
cry day. On thc acquisition tria!, 0.1 % saccharin was 
prescntcd as a es and followcd 30 min latcr by intra· 
gastric LiCI (190 mg/kg) as US. An extinction tria! 
was givcn after two watcr·intakc base-line measurcs; 
Ibis sequence was rcpcated once more. During ex· 
tinction the CS was presented again and tbe test vol· 
ume seores wcrc takcn. 

Two days aftcr thc sccond extinction tria!, the le· 
sioned animals were divided randomly in 3 groups: 
one group received cortical homotopic1 grafts 
(GGN; n = 6), the other group received heterotopic 
(tectal)lll grafts (GT; 11 = 4); the othcr group re· 
mained without transplant as a lesioned control 
group (LxGN, 11 = 5). Seventeen-day-old fetuscs 
were removed from the abdominal cavity of pregnant 
rnts. The fetal brains were takcn, and the tcmporo· 
parietal arca (above the rhinal sulcus) for the GGN 
group, and the tectal28 for the GT group, were dis· 
sected under a microscope. The blocks of tissue wcre 
about 2 mml, then stereotaxically placed through a 
Hamilton microsyringe (100 ¡d), into the GN arca 
with thc samc stercotaxic coordinates used to makc 
thc prcvious lcsion. After 8 wccks of rccovcry, thc 3 
groups of rats wcrc retraincd in thc samc bchavioral 
proccdure dcscribed abovc. 

At thc cnd of thc cxpcrimcnt ali thc rats wcrc sac· 
rificcd and perfused with 10% formalin, thcir brains 
wcre exciscd and coronal scctions (10 ¡1m thick) wcrc 
madc and staincd with thioninc to determine thc 
transplants' charactcristics. 
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Fig. l. Thc graph illustratcs thc amount of saccharin consumcd , 
by control, lcsioncd and graftcd groups. Consumption is cx
prcsscd as thc pcrvcntagc of cach group's prcvious water basc
linc. Lcít sldc shows thc rcsults from onc tastc test trial prior to 
lransplanl. Righ1 sidc shows lhc rcsulls of onc lnslc lcM 1riat 8 
wccks 11flcr transplant, • P < 0.05 comparisons with CON 
group. "P < 0.05 comparison bclwccn LxGN and GGN 
groups (Ncwman·Kculs' 1cs1). 

In t~c sccond cxpcrimcnt, HRP histochcmistry 
was madc in 11 animals. Horseradish pcroxidasc 
(Sigma VI) was dissolved in Fast green solution 2% 
(0.4 mg/10 ¡11), that was always prcpared fresh. Thrcc 
control animals reecivcd a unilateral injcction (0.5 
µI) of this solution in thc amygdala. Fivc GN-grnftcd 
and 3 GT·graftcd animals reccived thc samc solution 
in thc amygdala, ipsilatcral to thc graft. 

Thc injcctions wcrc made stcreotaxically with a 
1.0 ¡d Hamilton syringc, cach injcction lastcd 25 min, 
and thc. nccdlc was takcn out 10 min aftcr thc cnd of 
thc injection. Aftcr a 26-h survival pcriod, rats wcrc 
pcrfuscd intracardially with 300 mi of 20% sucrosc in 
phosphatc buffer (pH = 7.4), followcd by 300 mi of 
1.25% glutaraldchydc and paraformaldchydc in 
phosphatc buffer (pH = 7.4); immcdiatcly thc brains 
wcre removed and 24 h later thcy wcrc sliccd in coro· 
nal (60¡1111) scctions. 

Thc sliccs wcrc proccsscd with tctramcthylbcnzi· 
dinc (TMB) as a chromogcn according to thc Mcsu· 
lam tcchniquc26 and countcrstaincd with thioninc. 
Latcr, thc sliccs wcrc cxamincd and photographcd 
undcr bright· and dark·ficld microscopy Cor thc pres· 
cncc and loeation of rctrogradcly labclcd ncurons. 

Fig. 1 summarizcs thc rcsults of pre· and postgraft 
CT A conditioning for ali groups. Simple ANOV A 
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Fig. 2. Schcmatic rcprcscntation of llRP injcction in thc amygdala and rctrogradcly labclcd ncurons within thc gustatory ncocortcx 
(GN). A: a rcprcscntativc coronal scction of amygdala llRP injcctlon sitc. U: rcprc~cnrntivc coronal scctions of llRP·labclcd control 
GN (arrows). O: the hetcrotopic GN grafts did not integrate wcll with its host. E: homotopicGN graft (indicatcd by arrows). C and F: 
represcntative ccllular labcling within thc gustatory ncocortcx of a control (C; arrowhead sho"~ blood vesscl from B) and grafted GN 
(F); note thc lack of laminar pattcrn in F. Gis n magnification of HRl'-lahclcd ccll markcd with arrowhcad in F. 11 is" dark·ficld illu· 
minutcd magnificntion from 11nothcr arca of graftcd GN. A, B1 D, and Ex 17.6¡ C ;md F X44; 11 ami G x 176. 



was done on percentages from previous day baseline 
volume for each group, with post hoc group compari· 
sons where appropriate using Student-Newman
Keuls' tcstR. Wc chose to analyze the datn as perccnt· 
ages from baseline, becausc in thc GN-lcsioncd ani· 
mals thc mean water bascli,c consumption was con· 
stantly lowcr(LxGN,5.7 ± 0.1; GGN,5.9 ± 0.5; GT, 
6±O.1) as compared with thc unoperated controls, 
(CON, 7.95 ± 1.0) although therc wcre no significan! 
diffcrcnces among lcsioncd groups. This cffect has 
hcen rcported previously by othcrs13 • During thc pre· 
graft first test tria! thc CON group showcd a strong 
laste avcrsion and therc wcrc significan! diffcrences 
among groups (F.1,211 = 42.5 /' < 0.001 ). As cxpccted, 
thc GN·lcsioncd groups did not show laste avcrsions 
and ali wcre significantly diffcrcnt from thc control 
group (/' < 0.05). During the sccond extinction tria! 
(not shown in Fig. 1) thcrc werc no significan! differ· 
coces among groups, thus indicating that laste avcr· 
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sion was extinguishcd in the control group. The post· 
graft ANOVA comparisons revealed (Fig. I, right} 
that thcre wcrc significmll differcnccs among thc 
groups W1•211 = 13.40 l' < 0.001). Thc GGN group re· 
cupcrated thc laste aversion although it still was sig· 
nificanlly diffcrcnt from thc CON group. Thc LxGN 
and GT groups did not rccuperatc thc laste avcrsion 
after thc transplants and their avcrsion seores wcre 
significantly differcnt from thc control group l's < 
0.05). Morcover, thc GGN group had significantly 
lowcr seores as comparcd with thc LxGN group. 

Histological cxamination rcvcaled that the GN le· 
sions involved thc primary gustatory ncocortical pro· 
jcction arca", and thc cxtcnsion of thc lcsions wcrc 
on average 1.2 111111 in the dorsovcntral planc and 2 
111111 in thc antcropostcrior planc1• Thc homotopic 
brain transplants appcared to be hcalthy and placed 
in thc appropriate targct arca of thc host brain (Fig. 
2E). Rcsults fro111 HRP rcvcalcd that scctions from 

Fig. 3. A shows rcprcscnlaJivc coronal scclion of llRP·lnbclcd ncurons (nrrows) within vcntromcdial and vcnlropostcromcdial (VM 
nnd VPM) nuclcus of thc thalamus. B is n magnificaJion of A, shnwing HRP·labclcd ncurons. C is a dark·ficld illuminatcd magnifica· 
lion takcn from lhc VM nuclcus of a 1halanms 1 from a graftcd animal lhat rcccivcd HRP injcction in thc ipsilatcral amygdala. A X4¡ B 
xJ20; ande x200. 
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control animals which rcccived the enzyme in the 
amygdala, showcd reaction product boundarics ex
tended 1 mm in diametcr surrounding the arca of the 
tracer application (Fig. 2A). HRP-labellcd cells wcrc 
always found in thc ipsilatcral gustatory ncocortex 
(Kricg's areas 13 and 1419; scc.Fig. 2B, C), and in thc 
vcntromedial nuclcus of thc thalamus (Fig. 3A, B). 

In the animals that rcccivcd homotopic cortical 
transplants and HRP in the ipsilatcral amygdala, thc 
dctcction ofthc enzymc was in neurons located in thc 
interior of the grafts (See Fig. 2E-H), and in thc VM 
and VPM nuclcus of thc thalamus (Fig. 3C). Howcv
er, thc cortical neuronal labcling density was much 
lcss than thosc normally found in thc GN arca of thc 
controls (Fig. 2C, F). 

From histological inspection, the hcterotopic tec
tal transplants did not intcgratc wcll with its host (scc 
Fig. 20). There was a heavy glial invasion, necrosis, 
abundan! vacuoles and vcry scanty vascularization. 
Thercforc, a complete lack of HRP-labelcd cclls 
wcre found in thc grafted tissuc. Ncverthclcss, thcrc 
wcre HRP-labclcd cclls in thc VM and VPM nuclcus 
of the thalamus of thcsc same mis. 

Thc HRP histochcmistry results prcscnted hcrc 
support previous obscrvations, that thcrc is normal 
conncctivity bctwccn amygdala and gustatory neo
cortcx23, sincc applications of HRP in thc amygdala 
clcarly produccd labclled ncurons in thc ipsilatcral 
gustatory ncocortcx ofnormnl rats. Morcovcr, retro· 
grade ccllulnr labeling was found in thc VPM of thc 
thalamus, rcsulting from HRP applications in thc 
amygdala. Thcsc results are in clase agrecmcnt with 
thosc found by Lasitcr23 and Krcttck18, although in 
Lasitcr's work u labclcd amino acid was used to show 
thc amygdala-corticul projection. In this study we 
dcmonstratcd that thc administration of HRP into 
thc amygdala produced retrograde ccllular labcling 
into thc normal and graftcd GN (sce Fig. 2). Thcsc 
rcsults indicatc that the amygdala-cortical projec
tions are bidirectional. 

In thc homotopic brai1; transplants wc f~und fcw 
HRP-labellcd cells (Fig. 2E, F), although wc found a 
good amount of HRP-labellcd cclls in thc VPM and 
VM nucleus of thalamus in thc samc animals. This 
low density has beco prcviously dcscribcd in studics 
that used HRP as a tracer for marking projections bc
twecn host-graft tissucs. Thus, a fcw labclcd cclls 
have bccn found whcn fetal brain transplnnts wcre 

madc in thc hippocampus, ·and occipital and somato· 
scnsory cortcx4·14•21.27• The reason of the low density 
of labeled cells has not yet been established15. Onc 
hypothcsis is that thc fetal brain transplant is still un
der developmcnt and thcrcforc thcir ncurons are just 
starting to make connections with thc host tissue. 
However, it has bcen shown that dcvcloping ncurons 
are more efficicnt far incorporating peroxidasc20

• lt 
is possiblc thercfore, that thc fetal brain transplant 
makcs connections with its host, although not in a 
complete and normal fashion. 

This hypothesis is supportcd by recen! findings 
with Golgi-stained gustatory ncocorticnl fetal brain 
transplants. lnspcction of the Golgi-stained graft tis
suc rcvealcd that therc is indeed a hcavy rcgcnera
tion proccsscs; immaturc ncurons with a low number 
of dcndritic spincs, gliosis, a lack of cortical laminar 
pattcrn and a largc numbcr of vasculm vcsscls in the 
graft7• 

Thc behavioral results of these cxperimcnts clearly 
show that the cortical fetal brain transplants pro
duced a significan! although not complete recovcry in 
thc ability of thc lesioncd rats to associate laste with 
visceral consequenccs, confirming observations 
mndc by ourselves as well as other authors1•32• The 
possibility of spontancous rccovery wns cxcludcd be
cause thc GN-lcsioncd group without transplant did 
not acquirc CTA after thc post·graft second acquisi
tion trial. Thc hetcrotopic tcctal transplants did not 
produce behavioral rccovcry, sincc it was similar to 
the LxGN group, indicating that somc tissuc specific
ity is nccdcd for anatomical and functional rccovcry. 
Similar rcsults havc bccn found in othcr arcas and 
with di!fcrcnt bclmvioral tasks21•29• Thus, Stcin nnd 
coworkers29 mude hetcrotopic ccrcbcllar transphmts 
into the frontal cortcx and did not find any functional 
rccovery in a mazc-learning task. Morcover, thcy 
found a lack of intcgration of thc ccrcbcllar grafts 
with the host tissue as compared with thc frontal graft 
intcgration. Howcver, recently it has becn suggestcd 
that the structurul and morphological intcgrity of fe
tal brain transplants may not be essential for behav
ioral recovcry after brain injury11 •16•30 • Thcse uuthors 
huvc spcculated that brain injury aml/or brain trans
plants induccd a rclcasc of ncurotrophic substanccs, 
that can rc-activatc ncural function and/or preven! 
injury-induced degcneration in the damaged host 
brain11·16·30• In our rcsults, thc possibility that neuro· 



trophic factors may be involved in the functional re· 
covcry is low, although possiblc, since animals with 
tecla! transplants showed very slight improvemcnts 
in postgraft·acquircd tnstc avcrsion learning as com
pared to thc LxGN group (scc Fig. !). Thercforc, if 
neurotrophic factors are involved, thcy need to be as
sociated with hc"1otopic cortical tissue. In summary, 
our results suggcst that some morphological recovcry 
may be sufficient for the acquisition of laste aversion 
learning, though thc possibility thnt ncurotrophic 
factors are also involvcd has not beco rulcd out. Wc 
are currcntly investigating this issue. 

In any case the prescnt study dcmonstratcs that 
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ABSTRACT 

We n:cently' showed that fetal braln tran•pllnta produced • 
.tantUcant ucovery in th• abllity of austatory neocortn 
lutonfd rau to learn a conditioned tast1 1ver1ton tuk. ln thh 
report w1 1tudied the e1p1btltty of auttatory n1ocort.,, fetal 
braln tran1plant1 to produce b1havioral ucovny at dUferent 
timH. Four 1roup1 of rat1 1howin& dhrupted taste av1n1on1 du1 
to ¡usutory n1ocort1x llaiona ""' 1mploy1d, Th• llsioned 
antcnall nc11v1d fetal cortical graft1, obtain1d hom 17-day old 
fetusu. and wn1 retra1n1d in the bahavioral procedure arur 15, 
30, 45 and 60 day1 pott-&raft. lt "H found a v.ry good 
functional ncupnation 1t 60 daya, 11t1ht ncovery at 1.5 and 30 
daya and a poor ncovery at 15 day1 po1t-1raft. Ruulta with HRP 
hhtochemhtry nvealed that 30, 45 and 60 daya po1t-1raft1 
groups 1how1d increaaed connection1 with th1 ventrom1dial nucleus 
of the thalamua and "tth the amygdala. ln th• aroup of 15 daya 
poat-graft thn1 vire ab11nc1 of HRP labeled cllh, ln addition, 
the b1havtoral resulta vera in a1ru111ent with an incru11d AchE 
time d1pendenc1 reactivity and cell ri.aturation detected by Golgi 
1ta1nin1 techniques. Th•u reaulu 1uggut that 111orphologtcal 
maturity and nconnectivity betwun gnfu and hoat tiuue are 
nud1d for behavioral ncovery in CiN•le1ion1d rata. 

\ 



IllUODUCTION 

Tbt fttal bntn tran1phnt hchnlqut haa bun uHd ucently 

H • nry tfhctlv. tool to emdloratt functional, and bthavionl 

ddlclta, producid by dther ••chanical ()6,28), thtaical o~.17) 

or dt¡tneratlve lnjurlu to adult aat11Ul buln (4,9,14). 

CondtUontd Ustt 1v1utons (CTA) has bttn uud vldtly as a 

•odll for ttudy lurntna proctuu (11). ln thia aodtl anlmals 

can acquht 1v1nlon to• Ultt cut (conditloned stimulu1: CS) 

vhtn tt ta folloved by 1utrointeatina 1 tllnus (uncondittoned 

ltiaulus; US). Th.! anatomical pathways tnvolved in CTA has bun 

extenlively 1tudied (for uviev "'• 11,18}. Britfly, The 

Po1t1rtor Venttomedhl (VPH) and Ventromtdhl nuclet (VM) of the 

thalamus recetve afhrent1 from t\¡e pontine taste arta. theH 

thala•tc nuclti 11~d fibeu to botl¡ the gustatory neocortu. and 

tht 1ay1dd1 08.20). Moreover, recently it has bun ducribtd a 

uctproc1l ..conn1ctton1 b1tween the 1111ygdala and gu1tatory 

ntocorux \~8,20). 

Lt1ion1 of the 1u1tatory ntocorttx ngion (CiN) in adult rat1 

lHdl to a bthavioral tmpairmtnt in both acquhition and 

rttentton of "cOnditioned t11U avenlons (18,20), llectntly, it 

hH bHn dH1on1trat1d that cortical fetal brtin tran1planu 

induce rec:overy of tHtt 1v1uion lurning in rata vith gu1tatory 

n1C1cortu: lutona (l,11,29). 

Ntvertheleu, tht ruJons ·hcw the brain tu.nsplanta produce 

functional reeovery, art not vell understooi!, In th!s ugard, 

H\'tral authou try to txrh!n the beha\•ioral ilz".rro·..ieeent after 

fetal lirain tranf¡>lantt in prn·!.our. lu!~-:i~~ ad:ah, by tl:t 

releated of "trophtc" hcton (19). In contr:at, othtf 1roup1 

have potnud out that ntv c:onn1ctlon1 bttwun tht 1raft and tht 

ho1t are ruponatblt for tht bthavloral ncupentlon by tht fetal 

brain tr1n1plant1 (6). IC11sl1lt and covorktra (17) reportad that 

hippocHpd but not 1Utl tunsphnu to adult rau producid 

parttal ncovery of forced-choltt alurn•tlon tuk. Thut 

resulta 1u¡gut that morpholo¡tcal ttcovny h necuury for th• 

functional recovHy. Accordin& vith thne usult1 1 ve ucently 

de111on1tuted, vith R1lP ttchnique, that the ho•otoptc .but not 

htttrotoplc brdn transplanu, ven 1blt to producid behavioral 

recovery and n-uublilhtd conn1ctton1 vith aaindala and vith 

ventromedtal nucleus of tht thalamus, 1rea1 vhlch connect vith 

tht gu1tatory neocorux (8). 

S1v1ral authors have found connectlons bnvetn tht cortical 

graft1 and the host bratn. That ta, Floeur 1nd Jonu (10) 

uportld that the cortical tnnsplant proj1ct1d som• Uben to 

the thalamui, the contralateral corttx, the strhtum and the 

hippocamp\l.a. Csstro and covork1t1 (2) reported that d1fftrant CNS 

regions, tille; the hul forebratn. tocu1 coeruhu• and raphe. 

projecud fibeu to tht corttcAl 1uft after ten 11onth1 vith 

tntragnft injection1 of diamidlno yellov 1nd fut blue 

retrogradely transportad fluor11cent dyn (2). So it 11 e:har 

· that the cortical 1raft1 are •blt to, aurvtve tn the bnin 

parenchyuia 1 and ·;e::eivt and aend. proj1ction1 to the 'hose t~,uue 
(l ,i). 

\.'ith the ah. te undtrstand tht rroceuu underlying the 



courH of tht bth1vtoral rtcovtry by au:utory ntocortn 

tr1n1pbnt1, •• vtlt 11 th1 tlet couru of tht appearanct of 

thtlr conntctton1 vlth tht 1my1dala and th11lmu1. ln addition, we 

atudy the tl•t cour11 of apptnanct of acetylcholinuttrue 

THctivlty and tht development of gufud tluut wlth Golgl 

1t1lnln¡ ttchniqu1. 

lll:THOD 

Sub11ctl 

51. •alt Whur rat• vdghlng 250-280 ar. 'veu individually 

hou11d ln pltdglas houu boxes and 1d-Ub 1ccess to food and 

v1ter 1 ucept dutlng tht CTA. proc1dun1 (tu btlov), and kept on 

a strlct 12:12 hn ltght-dar\I. cyclt (08:00 hrs on; 20:00 hrs 

off), 

SuratrY~ 

Lar¡t bUatttal tltctrolytlc 111lon• ven madt under 

pentobarbltÍl anu~hesia (50 11g/kg)° to encompau tht gu1tatory 

ntocorttx. (AP•:t J,2¡ L!5.3; \'-5) in JO uperlmental. anlmals. 

Lutona vire udt by panlng a dirtct anodal current (lmA/60 sec) 

through a atainleu ctul tl1ctrod1 coattd vlth epoxylt ncept 

for tht crou uction of tht tip. 21. animals ven uud as 

unoptrated controls. 

,.· ·~!.!!:~ ... 

fC"UoYing ·postopirativt 
1
reto\'trY (7 day1) the ex;:erir.ental 

and control.ani::als wen deprivtd for 24 hr. and tralMd tci drink 

-.a:u in tht:ir hoce ·~agcs. daily dliring a ten u.inutts peric-d in 

tht corr.ir.E ~nd ~n e~ual period in tht aCternoon for 4 Gays. 

Tht v1ttr con1u1flption volulflt v11 t1\1n everYd•y throulh a 50 •1 

caUbuttd tut tub11 tquipp•d vlth a rubblr .ioppn and 1ta11 

drin\tln1 1pout. Wlttr consu111pUon vas record.ed .to the n11r11t 

0,5 al. On the Ufth day (tht uquhttion trhl) 0.1 M of LiCl. 

vu preunted in1ttad of v1ter in th• afternoon ptdod. An 

ntlncUon trial vu 1lv1n after fiv1 vate.r intake baHllnu 

111easun1. On day & in th1 dtnnoon (tht Unt ntinctlon trhl) 

0, l M of NaCl vas ¡!ven tnstud of the LtCl. Two ntra utlnction 

triab (days 10, 12) ven giv1n1 vlth thrtt vater-tntake b111-

linea 1:1usuns 1 in betvun (111 1). lt hu bun d111on1tr1t1d 

that rata can not discrlminau b1tv11n tht NaCl and th• LiCl 

flavor (23). 

Tun1plant~ 

Afur tht bthavloral tutl, tht nptrimantal anbala wtrt 

dividid randomly in 4 group1 (111 btlov), and rtcdvtd homotopic 

cortical ,fetal brain tranaplanu. Sbteen-day old fttu1u '"" 

removed . from the abdo1dn1l cavity of pre¡n1nt rata under 

'· anuthesia. Th• fetal brdn• ven taktn1 and the ttapo10-

parietal atea (1bove the rhinal 1ulcu1) vire d1111cttd undtr 1 

micro•copt. Tht U11u1 wer1 about 2 11a
3 , th•n lttrtotadcally 

placed through a t\amilton alcro1yrin11 (100 ul) 1 in to tha CN ar11 

vith tht 1ame 1t1uotaxlc coordinatta uud to aab tht pnvioua 

_lnion • . ·.:. Tht' ufir1mental ani1fl•ll ven· undomly aui¡ntd to be 

t>ehnioral rttr~intd · 1~'·fift11n (Gl5;n•6), thirty (Ci)O¡n•&), 

ft'rty five (Gt.5;n•6) or sb:ty (C60;n•S) days. pottgraft, (with tht 

u::e prcicedure ducribtd abo\'e) vlth thtir rurective ttm?c-ral 

-



Miatoloatcat Procedun 

At th1 end of the expn im1nt, HRP hhtoch•rnhtry, 

Acetylcholtne1tn111 hhtochtmhuy (AchE) and Golgi tmpugnatton 

vire .. de Hch tn et ltHt tvo rata ptr group (11t below). 

!!!!! Hhtoch.mhtrY. Honeradhh p1roxtda11 (Sigma Vl) vas 

dhsolved tn fut-1u1n 1olut1on 2% (0,4 •&/10 ul). 16 Gustatory 

neocortex gnfud aubjecu, from the four experimental groups (4 

Hch) recdvad th1 unilateral tnjection (0.S ul) of th1 aolutlon 

in th1 amygdala (n•2) and in the thalamua (n•2) tpsilateral to 

th• guft. ln addition, fivt control ani10al& from C60 recetved a 

unilattrd tnjection (0.5 ul) of the ume solutlon, tvo in the 

amygdala and thr11 in th1 thalamus, The inj1ction1 ven made 

atenouxtcally vith a 1.0 ul· Hamilton 1yrin¡1, each tnj•ctlon 

lasted 25 ain, a1)d the needll va• taken out 15 ritn. aftn the end 

of the tnjection. Aftu a 26 hr. turvtval ptriod 1 rats veu 

pufused' intracardially vtth 300 ml of 1.251 glutaraldehyde and 

parafa:~·utdehyde in phosphatt buffer (pH • 7 .4) follow1d by 300 

al of 201 1ucro11 in pho1phat1 buffer (pH • 7,4); ·twenty four 

hours latn, the br.alns weu removed and sllced in coronal (60 

um) ucttons, 

The alicu vire proceaud vith tetramethylbenddine (TMB) as a 

crooo¡en according to th• Huula111 uchniq,ue (21) and 

. countn~'uined vith t~ioni~~. · "' Latu~; th1 llicH v1re_..~?t•111iud 
and photograp'tu!d undtr bright and dark {ield dcro1copy for the 

preunce and location o( rttro¡;ra¿ely labeled neurons, 

~ 
.E!!&.! !.!.!.!!'..:. 6 Ani111ah from group1 GbO; G)O and GlS (2 uch) vire . . 
anuthetiud vith p1ntobarbital, ptrfuHd through tht hurt vith 

101 neutral bufftred fonnaltn and th1 brain• remond fro• ut'• 

1ku 11 the fo llow in& day. ln uch rat a 4 "' vide coronal block 

of thsue including th1 1u1utory c.ortex was preparad for lht 

rapid-Golgi Uchnique. The im:cenlon-fb.atlon aolution 

conshted tn 4,51 pota11ium dichroaat1 (lt2Cr207) and 1% of osrntum 

utroxide in distilltd v1t1r (3:1). Afttr 10 days of fbation 

period the solution vas pound off and th1 thsue draintd brhfl)' 

on absorbent pap1r and tran1ferud at O. 751 dlv•r ni trate 

(AgN03) aolution stond in bro._-n &laas bottlu. Twenty four 

hours later the tiuu1 was removed fro" the 1ilv1r solution, 

drained brhfly on absorbent papn and th1n vashed vith an 

ethanol-impugnated brush, Th1n tht th1ue vu &radually 

dehydrated vith ethanol and' ued for 24 houn in •btolute uhanol 

and ether (V/V). Following that, tht thsut vas advanced in • 

gradually more concentrated aolutiona of nitrocellulou (from 2% 

to 30%) in a total of S days lt th• taad•um. The blocks vire 

1m~1dded in lov vhcodty 301 nitrocellulose and overnight 

hardened in a container v1th chloroform vapon. 

The uctiona ver1 1eriltely cut at 120 micron1 thicltnua on 

the 1l1ding microtome, after that th1 uctions ven dehydraud in 

ethanol alcohol (701, 801 and 951), 10 min each. Then 

trañahrriid to 981 hopropanol and ttrpineol (10 e.in. aach). 

The secti'ons w1u tr.an&hrred ·to·rugent 1rad1 :1eyl1n1 · .. , ·~~on as 

they btca::ie tranfluctnt. Ftnally the 11ctions wtre mounud·witli 

1yr:thetic ruin. 

-



AulYlcholinHjtrH• hhtochem.htn. 

The re1t of 1 the 1ubj1cu (2 of uch exptrl•tntal 1roup) vtre 

an11th1thed vfth p1ntobarblt1l 1nd thtn ptrfuHd tran1cerdlelly 

vith the 1aa11! formull dtecrlbtd 1bov• for RlP ptrfualon. Tht 
l 

bnlnl ven fut ln 11tcu 40 um thiclc.nn1 11ounted and th•n 

t ... rH tn ~ht lncub1tln1 1olutlon a1 ducribed by P1Xlno1 

Wauon (U) tn tht follovlng day the 1Ucu vert revtaltd in 

1odlu• 1uU1~• pH S and mounted vlth 1ynth1Uc rtsln •nd 

! 
COVtrtllptd (2S) • 

llESULTS 

Sl•ple AMOVA v11 done on the test day conaumptlon volumt for 

-111 1roup1. vlth post hoc 1roup co111p1rlaont ven approprtau 

ualna Studt~t·lf•'!'ll""""K•ula't11U· (fig,1). Durina t~t pregraft 

Uat trlal,, thtre Vtrt tignlflcant differtncaa amon¡ 1roup1 

(F7,S1•11.4~P < ,001 ), As expecud, 111 the four control 1roup1 

1hoved 1,_u9n1 t11tt averlion1 ln the flrst tut t~hl. Th• 

Hptriaa~t:al (vith GM lulon1) ¡roupll showed dgntflctnt 

dtsrupud tlltt 1vnalon1 vhtn co=partd vith thtit' ovn controla 

(p 1 1 < 0,0S). Po1t¡raft A.NOVA comp1tilon1 (Fig l .. right) 

rtvealed that there ven 1lgntflc1nt dUftrencH among tht gt'oups 

(F l,S1•6.88 p < 0,001), The cent.rol group• 11~ln .•howed • very 

· ..... aood ··.U•te.-avéralona. .The G15 group 1howe(_1· dllrup~tc! tastt · 

aveuton, :·'. con1u:tn1 dgniflc:antly cort NaCl' aolutlon vhen 

coctpned vith tu own control (P < 0.05). In contrut, the G)O, 

C4S groups, llthough consu~ed core ulinr 1clution than thetr 

~ 

r11p1ctlv1 conttol, thnt vere not li1ntUc1n~ dlfftren~11 amona 

tho•, Th1 G6r 1roup ehov14 e vller lnuh euppreulon In th1 

prettnce of tht es, anll thn1 VH liailar to lu ovn control. 
. 1 

ln addlttT, pdnd t tHt betvun pre end po1t1nft1 volua• 

con1u11ption v1~1 done. Tht po1t1nh 1corta revtaltd thlt 1roup1 

C30, G45 end d6o 1hov1d • lianUlcant av1nlon1 11 they reducid 

thelr v1ter consuaptlon ln the prHtnct of tht CS vhen coapared 

wlth thdr pnir.rt 1cort1 (p 1s< 0.05). In contratt, Cl5 aroup 

1hov1d dhrupttd taat• av1t1ion1 pre and po1t1raft, H th1y htd 

timllar NaCl vatn con1umptlon1. 

INSERT JlGUllE 1 A!DUT HEllE 

HRP Hbtoch1mhtry. 

Th• 1naly1h of th1 braln t111u1 trHttd vith HRP in tht Cl5 

t:)(pnlmenul animals ahoved that there ven not labtltd HRP-ctlh .. 
ln tht: 1rlifttd tlHu1 1 in the 4 exp•rl .. nUl anlaall that 

ncelved 'HRP injection1 ln th• th1la11u1 OT 1mygdll1. tn th• 

graft ti11u~ o( C30 aniula th•rt vire found ec1rc1 1ab1bd HRP 

n1uron1. tn contrast, in the 45 1nd th1 60-daya araft Uuua • 

th•re vere found a 1reat numblt' of label1d n1uron1, though not u 

uny 11 in control tiuu1, as ve have d11crlbtd pnviously 

.(Tibl;·..-.1; -111~ 2) (I)~ 'ln 11l~th1. ·1f1ft1 ln vhtch thn• ven 

(ound HRP labei·~d cell•~· thi cell diuributlon in5lde th• 

uan1plants did not follow 'any dhtin¡uishablt parttcultr 

p1ttern. \o'e abo found that th• dhtrlbutlon of tht llbehd ctlh 

·wirre independtnt fro:i tht injtction site. 

-



INSEU flGUlt 2 ANO TABLE 1 ABOUT HERE 

Th1 Golat •tlin reautu w1re obtdned froc 6 adult bnin1 vith 

fetal bratn tran1planu. Va oburVld dUfenncH ,at HCh 1g1 of 

th1 uanspt.nt1d Unu1. tli• dtfftrenc1 lt;' th• tiuuu Uken a 

dUfennt tta11 hld difhrent 1t1gu of neuronal d1velopm1nt and 

uturatton. In 11n1nl, tht gnfud th1u1 in all experimental 

1roup1 ahov.d I" neur1i1 rioraanhatlorl tn both thlUH (gnfted 

and ho1t) vtth a 901'1 neuronal d1n1ity in tht transplanttd thsue 

particularly ta tho11 of 60 daya. ln a•nnal, tht htal 

tr1n1pllnu ven adhtre to tht' hoat U11u1 vith abundant 

v11cututntlon, 1rHt prolihraUoñ of &lial ctlb tn the 

tranaplant bordtr H vell H fibtn thlt cro11 th• tnurfact. 

Chronolo1tul ~han1111 U daya; transplanud tiuue ahoved 1carce 

devtlop•nt\ of n1uron1 and blood !HHll. A round-1hap1d 

n1uton1 eppund v:lth ftv dendrltlc proc•11H. Some of th•m had 

no 1pinu H 111 in thdr d1ndrit11 (Flg. 3a). There w1re hw 

gllal ctlh in the border of tht ~ransplant. In •n overall viev 

the grafu aH1111d to b1 an inltial atate. of neuronal developm1nt, 

·.v1th an :lndpltnt yucularlu~lon procua_ betwun tran1pllnt and_. 

.ho1t tluue.: 3.0 'd1y1:-~ Graft· tiuue 1ppured to be in 1 tnore 

1dvanc1d stagt of '-dev1lopc11nt (su Fig. 3b). That h, neurons 

1hc11ed 1 ¡rut number of dendritic proeuus, growin¡ in all 

diuctions hoc th• eell body ~iven 1 oore defined neuronal 

1truetur1, The 1xon1 wen •ppannt ln tht Mjorlty of tht 

n1urons. Blood v11111a ""' found in tht bordtr 1nd lntldt the 

tran1planttd thsue. Thtrt wen found ln1ld1 tht tun1pl1nta 1 

many pyramidal 1nd 11ultlpolar n1uron1. Gltal c1ll1 wtrt found ln 

11any pnt1 of the tran1pllnt1d thaut 1 wlthout 1ny re¡uln 

pattern. 60 days: The transphnttd tl11u1 1hov1d a 1nat advance 

ln the d1velopment of n1uron1 1nd glUl cella. (ue F11. Je). 

l<leurons prnented a multipolar, plrlform end trlangul•r 1hap1d-

1oma, aome of thu1 had aany dendrltic 1plnu. Nturona wtre 

surrounded by abundant vucularintion ln all parta of tht 

transpbnt. We observ1d well devllop.d 11111 c1lh 1 :ln clou 

relation wlth the neurona. ln 111n1ral 1 neuronal v11cular 1nd 

&llal components vire observtd in dtfferent p1ru of the 

transplant tluue. The Ubers ven aort 1bund1nt in th• bordtr 

of the transplant. Th1re vire found a lack of cortical lamtnatton 

as can be compared vith adjacent ho1t th1u1. 

INSERT FIGURE 3 ABOUT HERE 

Acetylcholin•sterase Reactivity. 

We found that the 15-days animds ohowed •ome labeltd cllh 

and th•re weu fev proceuts in the tran1plant. Jn tht 30, 45 and 

60 days groups thert vere an incruud numbtr of Acht fib1rs 

insidt the transplants (see Fig. 4). These fibeu form•d 

patchu alttng the grafts. The 15 d1y1 pou-trantiplanta group1 

did not sho,.· thue AchE patc:hes, finc:e there w1re hv AchE 

stained fibers (r..e fig, 4A). \:e could nt"t ob1trve an,_· 

10 



dUhnnct tn th• numbtr of ulh emon¡ tht dUfenrlt traniphnu 

aroup1, elthou¡h thtrt vire en incruud AchE ructtvtty vtthin 

tht ClO, C4S ena C60 (111, fi1. 4). 

INSERT FICURE 4 AllOUT HERE 

DISCUSSION 

Tht bthavSoral data obt.tned in thue expni1111nt1 1bow1d that 

tht 1raft1 takln at luat 30 da)'s to ltnt productn¡ functional 

recovery in tht hott anim.ab. During the inithl UftHn day 1 

polt transplant, the subj1ct1 did not 1hov any recuperation in 

tht CTA paradtp (Ftg. 1). After thlrty and forty fiVI day1 post 

tun1plant the antmala ven able to ltarn the averliv1 rnponu 

to the noxtou1 attaulu1. At 1bty days postgraft th• bihlVioral 

racovery VII al1Doat Compl1ttd (C60¡ ue Ftg. 1), as the graifted 
1 

1roup did not 1how1d any dgnificant dtffeuncH vith tts own 

control (Fig. l). Th1 b1hav1oral time dependence ncovery vas 

accompanied by time dependence hhtol~gical changu, At 15-days 

po1t-1raft th1 cortical transplant• did not yet utablish any 

dtmonltrable conn1ettons vith thalamu1 nor v1th th1 am.ygdala 

tllrough the use of KRP tracing technique (table 1). In tlle 30, 45 

111nd 60·day1 poat-graft groups, the braina ihowed increased 

conntcUona to both the · VPH and the amygdala (au table 1). The 

n1uron1 of th• tran1plant from theu groups also showed a more 

matun c•ll morphology. ln the groups v1th 30 and · 60 days 

pci1tgraft, the Colgi etain n:veahd that cell bodles \/tre more 

t.ature, aince they had ciare dendritic proceues. ... tth core t:pir.es. 

11 

--¡ -
Thne rHulu are in a1rum1nt vtth thou th1t h1Ve uHd a utun 

(.ore than 60 daya) cortlcll hul br.dn tun1pl1nu (29). ln 

contrast, tht 15 d1y1 po1tr1n1plant 1roup 1hovtd an 1911ture cdl 

corpholo1y wtth ~ hv number of dtndrlttc 1ptnu vtth Colat 

1taintn1 ltchntque (1u Ftg. 3). 

Out naulu 1uggest that beh1Vtoral recovery ahould bt 

acc:ompanled by 101:1e 111atuntion of th1 tnnsplanted th1ue. The 

maturtty of the neurona could bt dtttnilned by tht number of tu 

connect1ons, vhich 1ncluded in part thoae 11tabl11hed between the 

tunsplant and the host. ltecently, some authon h1v1 nported 

the est1bUshm.ent of connecUona bHwHn cortical 1raft1 and the 

thalamua in neonatal rau after two to four eon.tha after 

tra.nsplantstion (l). Moreov1r, other atud1ts have aho 

tstablhhld that the thalamua of tht adult brain could only 

tstablhh few connectiona vith th• cortical tun1planu, from 

dght to twenty elght vetkl afur tr1n1plantation (12). Ws had 

previously d1mon1trat1d that 60 daya tranaplanu o( the gustatory 

neocortex could establiah connections vith the VPH and the 

atnygdala, although the number of labe11d celh vns not as 

numeroua aa can be found in control animah (T•bh l ¡8). In the 

present paper • the rnults auggtst that the transplanted 

neurona required more than 15 daya, to aurt maktng connections 

vith both the thabmua 1nd the 1my¡d1la. In additton, vith the 

smployuient of the Colgi impngnation, in the 60 day1 graft1 1 

\/ere able to su soce Ub1tr1 crouinf, the boundarlea of the 

transrlant to the host t1uue. indicatlng a dynaeic procos of 

interaction between the transplant and the llost tiuue, Although, 

there were not 1 111tlnar nrang1oent in the grafu u can be uen 

12 



Sn tht norul host tiuut. ThtH r11ult1.er1 tn 11rt111ent v1th 

othtn thlt found plrttd functlonll recovtry vtthout 1 aor .. 1 

liminar 1rran¡n11nt of htal cortical braln tr1n1plants (22). 

1t h clHr from thtu r11ulh that aorpholo¡tcal ncuperatton 

h ntCllHty to obtatn a functtonal ncovery in 1u1tatory 

neocortex l11ion1d rat1. Thil oburvation 1a 1upported by our 

recent publhhtd paper, in vhich, ve ven ablt to 1ho1.1 that 

homotopic cortical but not htterotopic tectd fetal brain 

tran1plant1 could ruton tht 111ocht1on1 betveen tute cuu and 

Uln111 Uldst. Horeover, it vas d1monstrated vith HRP 

hhtochtalstry that tht homotopic, but not the htterotopic, fetal 

brain tran1plant& vere able to re-utablhhed connectlons vith 

the hoat thaue (8). 

the d1mon1tratton of tht ACht expnuion in the tran1plant tn 

our n1ult1 h aupported by prtviou1° ob11rvation1 (13). Thus, 

0 thn authors (24) found AchE txpr11dan afur 7 daya of cortical 

tranapllntation. Hovever, tt VH only after 2 aonths that they 

found Acht nacttvity that VH aimtlar to the cortical host 

Uuue of cortical tran1plantatton (24). In this paper 1 ve an 

ahoving tht time couru of Ac'hE ¡raft expreuion. Wt observed 1 

¡nat reacttvlty of the u .. day1 1oma in the araft, but vith ftw 

proce1111. Tht number of 111 proceuu ven tnc:reHing tn the 

30, 45 and 60 .. days post-graft, though tht somas 1howed dtcreased 

AthE reaction vith the time, By tht moment. 1 although v1 do not 

know tht exac:t meaning of the AchE inc:reased tict resc:tion, 

authou hne propoHd that the nt:urotrans:iithn enzy1:111 

&Olllt 

so::-.e axon gui¿ance tíhets. !hat 1&, Robertson (26) has 

13 
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demon1trattd tran11tnt expreuion of acttylcholtntattrHt 1n the 

devtlopin& thalamo-corttcal 1y1tta, but 1uch tranaltnt 111.preulon 

lasu for only thret vukl and then dtcUnt to norul adult 

leveb whtn the th1hmo-cortlt1l connect!ons hll bHn vtll 

establhhed. Anothtr, but not ucludi~&· 11tplanation h that 

thtrt are ingrovth of axon1 fro• tht basal fortbuin or fro• the 

NBH nucltus to the cortical 1nft1 H pnvioualy demon1tnted by 

Ebntr et al. (7). 

Rtcently, uveral euthors h1v1 d1mon1traud tht pn11nc1 of 

trophic factora delivend by 1p1c1ftc 1y1ttms. For 1xampl1, 

Zhou and covorkers (30) ducribtd tht 1nh1nc1d proliftration of 

procuus from raphe, but not locus co1ruleu1 transrlanted 

neurons, vhen they vert placed in • Hl'Otonin-d1n1rv1t1d 

hippocampu1. Horeover, vhtn an htppocampsl transplant h placed 

near to an undamaged ho1t hlppocat1pu1, tht raph• n1uron1 of tht 

host are capable to innervste the new tar¡et 1:1.tes, indicating 

that there are some kind of chemotaxh (31). So, it uems that 

some trophiC fac:tors could guidt the neuronal proc111is vith 10111 

1pec:1ficity and finally could lead to the formation of nev 

connections. 

Therefore to explain tht 11t1blhhment of conntction1 bttvttn 

GN •nd VPM, there is the possibUity that thh. conn1ction1 could 

be mediated by trophic factora (30,31). In oLlr model, thtrc ne 

at lust tvo potenti1l aourcu of factoui the tr1n1phnl by 

itself tnd the lesion-dener\'1t1d ho&t tiuut (S). The intnactlon 

o! thue factor& could promete the conntction of tht transplant 

vith the \'PX and ó~)'!dala, One pouiblt hypothesis to nplain our 

behavioral ruulti> h based in the reconnectivity berveen VPH and 
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CN, 11 propoHd by Shup 1nd covorbn (27). Ttlue 1uthors 

1u11uud thlt th n ... connecUons betvun th1lamu1 and c:ortu. 

could &top the de¡ennatht procHIH due to the luion. 

Therefora • in thh tHnner the 1r1ft could help to the rutoration 

of the lo1t function. 

In conclusion, Vt have d1aon1trated: That afttr thirty daya 

P0 •taraft the animala vith tran1plant1 ven able to tearn the 

averstve response tn the CTA paradt¡m. The neurons in the 

tran1plant can u.preu AChE in a time dependtnce fashion, After 

30 d1ys th• graft neurons 1tart1d to Htlblbh conn1ct1on1 with 

the thd1111u1 or am.ygdala host ti11u11 vith HRP ttchnique. 

Findly, the n1uron1 tn the older tran1plants 1hov1d a •ore 

sature morpholo¡y than thost in tht youn¡er 01111. All of thne 

rHults augg11t that aorpholo¡ictl uturation and raconnectivity 

are n1ce11ary for ncuperatton of ;he 1cquisit1on of U•te 

1verdon learning tHk in CN luton1d rau. 
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DAYS POSTRANSPLANT 

INJECTION SITE 15 )0 45 60 

THALA.~US + ++ ++ 

+ ++ ++ 

Tiblt t. Shows th• cualttative analyatc of th• pruence of th• 

HIU1 lahhd neuTon1 tnside th1 cortical gutu. 

- none, .+ aeuce, ++ uny lillP labdtd C11i., vhen 

compaud with c:ontrols (ue; Figure 2). 
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FIGURE LtCENOS 
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ahova th1 r11ult1 lrom tHt trial prior to tranaplant. 

Rt1ht 1tde tht1w1 the ruultl of oñe tut ttial 15, JO. 

45 •nd 60 daya alter tunaplant. • p <0.05 comparhon 

wich their ovn control 1roup1. (Newann-keub tut). 

Figure 2. Shovs tepTutntativ• coronal .. ctton in dark Ulld 

tllum1nation, of a control •Ubject in A. 8 end C 1hovs 

HRP lab1led n•urons vithin hoeotoptc: grafu w1th 30 and 
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Figun 3. Camera lucida dnvtn1a or Gol¡t-np1d tepre¡nated 

neurona from U, 30 and 60 day old tran1plant1. ln e: 

Drawlng of Golgt-nptd tmpre¡nated neurona froa U day 

old tr1n1plant. Somt neurona 1how a tound ahaped aama 

and d•ndritH 1upportin1 apauely aptnn (He, ctll• 

2,3). Cell 1 ahows aore apinH and ctll 4 h a non 

1ptne n1uron. b: Draving from Ciol1t-t111pr11naud n1uron1 

(rom 30 day old tranaplant. Neuron 1 ahovs a •ultipolu 

ahape vtth aptnes on tu d1ndriu1, ln ci Golgt-uptd 

impregnated n1uron1 from 60 day old tran1plant, 

Neurons 1,2,3 show mult:lpobr 1hap1 and thelr dtndrhu 

are covered with 1pinu and in clou nlation vtth 

glial cella (a,b,c), Neuron1 4 and S (from tht border 

of the transplant) have lJrge axona (A) and neuron 6 h 

a typical multipolar cell. Ban 1hov 1 100 atcron• at 

400 x magntfication1. 

Figure 4. Shows th• ac.tylcholinesteraae reactivity of hoaotoplc 

neocortlcal grafu, in 15 (A •nd !); 30 (C 1nd D) 1nd 

60 (E •nd F) d1y1 post1rdt. A, C and E x 4; 8, D and 

F x 200, 





DISCUSION GENERAL 

Para comenzar la presente discusión, es conveniente hacer una 

breve recapitulación de lo que, considero, son los resultados más 

importantes que hemos obtenido en los artículos precedentes. 

Primero confirmarnos previos reportes (Kiefer, 1985; Lasiter y 

Glanzrnan, 1985; Bermúdez-Rattoni y cols. 1987) de la necesidad de 

la integridad de la corteza gustativa para obtener el CAS en 

ratas, ya que en dichos estudios se demostró que la lesión de la 

corteza gusta ti va era causa suficiente para provocar la pérdida 

del CAS. 

Demostrarnos también que el transplante de corteza gustativa 

es capaz de sobrevivir e integrarse dentro del parénquima cerebral 

del hospedero (Bermúdez-Rattoni y cols. 1987; Escobar y cols. 

1989; Fernández-Ruiz y cols. 1989), hallazgo que se ve confirmado 

por los resultados obtenidos en otros laboratorios no sólo con 

transplantes de corteza, sino inclusive en otros modelos (Mufson y 

cols. 1987; Fonseca y cols. 1988; Juliano y cols. 1989; Stenevi y 

y cols., 1985). 

Con respecto a las conexiones del transplante con el 

hospedero, encontrarnos que el transplante hornotópico estableció 

contactos con regiones con las cuales normalmente se relaciona, 

corno son los núcleos talárnicos VM y VPM, así corno con la amígdala 

(Escobar y cols. 1989; Fernández-Ruiz y cols.). También observarnos 

que los transplantes heterotópicos de tecturn, degeneraron y no 

establecieron conexiones con el hospedero (Escobar y cols. 1989). 
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Finalmente encontramos que los transplantes . son capaces de 

restaurar el CAS en una forna dependiente del tiempo. En el 

último artículo publicamos la recuperación de la expresión de la 

conducta a diferentes tiempos, siendo esta recuperación acompañada 

de la maduración neuronal así como del establecimiento de 

conexiones tanto. con el tálamo 

(Fernández-Ruiz y cols. 1989). 

como con la amígdala 

Una vez que se ha demostrado que los transplantes son capaces 

de reestablecer funciones perdidas por el hospedero (Fernández

Ruiz y cols.1989; Paredes y cols.1989; López García y cols. 1989) 

la pregunta a responder es cómo funcionan los transplantes para 

inducir dicha recuperación?. 

TRANSPLANTES Y RECUPERACION EN EL HOSPEDERO: POSIBLES HIPOTESIS 

l.- Factores neurotróficos. 

Se han postulado diversas hipótesis a este respecto. Labbe 

y cols. basados en sus experimentos de lesión y transplantes de 

corteza frontal, en donde encuentran recuperación en periodos 

cortos de tiempo postransplante, proponen que "los transplantes 

pueden actuar liberando neurotransmisores, péptidos o factores que 

pudieran activar vías silentes o latentes que ya existieran en el 

sistema nervioso central de los organismos adultos" (Labbe y cols. 

1983; Stei.n y cols. 1988) . Para afirmar lo anterior, Labbe y 

cols. se apoyan tan~ién en los trabajos de Kesslak y cols. (19B6a¡ 

1986b) en los que encuentran que, los transplantes de cor~eza 
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frontal tanto de embriones corno de adultos inducen una 

recuperación en una tarea de alternancia reforzada; y lo que es 

mas sorprendente, los transplantes de astrocitos pueden promover 

la recuperación conductual en el modelo de lesión en la corteza 

frontal sin necesidad de que se transplanten neuronas (Kesslak y 

cols. 1986). 

Cabe mencionar en la presente discusión las investigaciones 

sobre el transplante de células cromafines de la médula adrenal 

que se han realizado para aliviar algunos síntomas en ratas con 

lesión de la vía nigro-estriatal. En dichos experimentos se ha 

encontrado que las células cromaf ines no establecen sinapsis, y ni 

siquiera extienden procesos en el hospedero, y aun asi inducen 

mejoría de algunos síntomas causados por la pérdida de conexiones 

entre la sustancia nigra y el cuerpo estriado. Se ha postulado 

que dicha recuperación se debe a la liberación continual de 

catecolaminas en el hospedero, es decir que en este caso el 

transplante funcionaría como una especie de bomba que libera la 

sustancia requerida por el organismo (Freed y cols. 1981). 

Existe otra hipótesis que apoya el fenómeno de recuperación 

inducida por los transplantes. Esta hipótesis explica la 

recuperación sin necesidad de que se establezcan conexiones 

transplante-hospedero. Esta teoría se basa en el hallazgo del 

factor de crecimiento neuronal (FCN) (Levi-Montalcini 1987). se 

ha demostrado que este factor es necesario para la supervivencia 

de algunos tipos celul~res (Barde 1989), inclusive dentro del SNC 

(Hatanaka y cols. 1988). 
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En 1986 Sofroniew y cols. comunicaron que transplantes 

corticales evitan la atrofia de las neuronas colinérgicas del 

núcleo basalis magnocelularis (NBM) debida a daño cortical. Ellos 

postulan que el transplante de corteza provee de una influencia 

trófica al NBM, y que este factor previene su degeneración, siendo 

la naturaleza de este factor, posiblemente el mismo FCN (Sofroniew 

y cols. 1986). Los experimentos anteriores se vieron 

fortalecidos por el hallazgo casi simultaneo de Williams y cols. 

(1986) y Kromer (1987), que demostraron que la simple infusión de 

FCN es capaz de prevenir la muerte neuronal en el septum medial y 

en el núcleo de la banda diagonal de Broca, después de haber sido 

seccionado el fórnix. 

La hipótesis del funcionamiento de los transplantes de tejido 

nervioso mediante la liberación de factores se ha ampliado a otros 

modelos de trabajo, como es la relación corteza-tálamo (Sharp y 

Gonzalez, 1986; Haun y Cunningham, 1984; Cunningham y cols.1987). 

Basados en el hecho de que tanto la remoción de la corteza 

occipital como la enucleación resultan en una degeneración casi 

total del núcleo geniculado lateral (NGL) (Cunningham y cols. 

1979; Robertson y cols. 1989), Haun y col s. (1984) encontraron 

que transplantes de corteza occipital revertieron hasta cierto 

punto la disminución del NGL debida a la previa lesión de la 

corteza occipital. Más tarde, el mismo grupo (Cunningham y cols. 

1987) reportó que el medio de cultivo de células de corteza 

occipital concentrado, embebido en gel es e implanta do en una 

aviciad de la corteza occipital lesionada, tuvo el mismo efecto 
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sobre el NGL que el transplante de corteza occipital, y lo que es 

más, la adición de enzimas proteoliticas al medio de cultivo antes 

de la implantación del gel eliminó toda la actividad neurotrófica. 

Esta hipótesis del funcionamiento de los transplantes se 

puede resumir diciendo que en estos modelos los transplantes 

pueden liberar factores neurotróficos que evitan la muerte 

neuronal en el hospedero; afirmación que se puede ligar a otros 

modelos de trabajo como es el caso de algunas enfermedades 

neurodegenerativas (Appel 1981) y sus posibles terapias, corno la 

infusión de factores tróficos en sujetos viejos con deficiencias 

conductuales (Fisher y cols. 1987). 

2.- Conexiones transplante-hospedero 

No en todos los casos donde se ha encontrado recuperación 

conductual inducida por transplantes es posible sostener dicha 

hipótesis de trabajo; el mismo grupo de Cotman nos da la pauta 

para volver a mencionar la segunda hipótesis de trabajo acerca del 

funcionamiento de los transplantes. En 1988 Kesslak y cols. 

comunicaron que los transplantes de astrocitos purificados no 

indujeron recuperación conductual en animales previamente 

lesionados en el hipocampo; unicamente encontraron recuperación 

cuando transplantaron células hipocampales de feto, por lo que los 

autores postulan que en este caso es necesario el implante 

neuronal, a diferencia de sus hallazgos previos en corteza frontal 

(Kesslak y cols. 1986; Kesslak y cols. 1988). 

Como ya se mencionó en la introducción, otros autores han 
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encontrado que es necesaria la innervación especifica del 

hospedero por los transplantes para poder encontrar la 

recuperación conductual. Asi, Dunnett y cols. (1982) encontraron 

recuperación conductual cuando el transplante de área septal 

innervó al hipocámpo hospedero, inclusive dicha recuperación se 

correlacionó con el grado de innervación colinergica del 

transplante al hospedero (Dunnett y cols. 1982). 

Finalmente, los estudios que más apoyan esta hipótesis son 

aquéllos donde se encuentra la conectividad funcional entre el 

transplante y el hospedero, como es el caso de la integración de 

transplantes corticales en la corteza somato sensorial del sujeto 

receptor; por ejemplo mencionaré la integración transplante

hospedero observada por Bragin y cols., quienes comunican que los 

transplantes de corteza somatosensorial responden a la 

estimulación de las vibrisa (Bragin y cols. 1989); además de los 

estudios ya mencionados en la introducción (Ebner y cols. 1989¡ 

Sorensen y cols. 1989¡ Neafsey y cols. 1989). 

Para algunos investigadores es difícil aceptar la formación 

de conexiones entre el transplante y el hospedero en un sujeto 

adulto, ya que desde tiempo atrás existe la idea de que el sistema 

nervioso central es, si no estático, si muy poco plástico. Esta 

forna de pensar va cambiando, ya que recientemente se han 

encontrado fenómenos de plasticidad del SNC en diferentes niveles, 

que van desde el hallazgo del fenómeno de la potenciación a largo 

plazo (para revisión ver Collingridge y Bliss, 1987) -fenómeno que 

ha causado gran entusiasmo en la comunidad cientifica por ser un 
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buen modelo de· plasticidad que se ha asociado al aprendizaje y 

memoria- hasta la observación del cambio de la representación 

sensorial en el homúnculo de la corteza somatosesorial del cerebro 

de macacos. En este modelo, Pons y cols. (1987,1988), investigaron 

la relación entre la corteza somato sensorial primaria (SI) y la 

corteza somato sensorial secundaria (SII) en macacos adultos. 

Ambas cortezas poseen un mapa somato sensorial del cuerpo del 

macaco, pero el procesamiento de la información no es igual; 

mientras que la corteza SI recibe la información directamente del 

tálamo, la corteza SII la recibe de la corteza SI. Estos autores 

demostraron que la ablación de una región del mapa somato 

sensorial de SI produce un "hueco" sensorial de esa misma región 

en SII. En dicho trabajo, se extirpó de SI la región somato 

sensorial que corresponde en el homúnculo a la región de la mano; 

al registrar en SII 24 horas después de dicha ablación, 

encontraron que la estimulación de la mano ya no resultó en una 

respuesta en SII, ya que se interrumpió el circuito tálamo-SI-SI!. 

Sin embargo, cuando registraron en SII siete semanas después de la 

cirugía, encontraron que se reorganizó el mapa somatosensorial. La 

región en SII que antes de la ablación respondía a la estímulación 

de la mano, siete semanas después respondió a la estimulación del 

pie ipsilateral. No se detectó expansión de ninguna otra área, 

como podía ser por ejemplo el brazo. Estos experimentos 

demostraron elegantemente la gran capacidad de plasticidad que se 

puede encontrar en la corteza cerebral, especialmente la formación 

de conexiones gue: involucran un cambio en el mapa cortical (Pons y 

71 



cols. 1987, 1988). 

En el modelo de recuperación del CAS por medio de 

transplantes de corteza gustativa, pueden aplicarse las hipótesis 

de funcionamiento de los transplantes ya mencionadas. Nosotros 

no encontramos recuperación conductual en periodos cortos de 

tiempo, pero si encontramos conectividad con el hospedero y una 

buena integración del transplante: aunque esta afirmación parezca 

apoyar la hipótesis de reconectividad, es necesario mencionar un 

concepto acerca de los factores neurotróf icos que se está gestando 

en algunos laboratorios. cuando se observa el cerebro de una rata 

adulta, se observan núcleos y conexiones bien establecidas, sin 

embargo esto es en realidad un proceso dinámico. Este estado 

dinámico puede estar mediado por factores tróficos, los cuales 

pueden tener varias modalidades de funcionamiento, como por 

ejemplo, estimular la producción de procesos o la supervivencia 

celular o bien constituir señales para detener el crecimiento de 

las neuritas (Patterson, P.H. 1988). Como es que se establecen 

·conexiones entre el transplante de corteza gustativa y el tálamo 

hospedero?. Una posibilidad es que el transplante de corteza 

gusta ti va envie axones a todos lados, hasta que encuentre un 

blanco que los acepte. Otra posibilidad es que el blanco 

denervado produzca factores que atraigan a si innervación 

especifica, teoría que parece estar apoyada por algunos diseños 

experimentales (Cotrnan y cols. 1988; Lund y col s. 1988). La 

razón de porqué una zona denervada recibe inervación, o qué es lo 

que ind ta o est:imula a una neurona en el adulto a innervar otra 
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zona del SNC no se sabe aún, pero empiezan a desarrollarse algunos 

modelos para contestar dichas preguntas (Zhou y cols. 1988). 

Una vez implantado el tejido, las neuronas transplantadas 

pueden liberar factores o establecer conexio!les con el hospedero. 

Vale la pena mencionar que en el hipocampo lesionado, se han 

implantado células secretoras de factor de crecimiento neuronal, 

evitando asi la muerte de las neuronas que establecieron nuevas 

conexiones (Sofroniew y cols. 1986; Sharp y Gonzalez, 1986; 

cunningham y cols. 1987) o estuvieron en contacto con el factor 

liberado, por ejemplo las células del área septal que son 

FCN-dependientes. Inclusive se ha postulado que los mismos 

neurotransmisores son capaces de funcionar como factores tróficos 

sobre las células blanco (Lipton y Kater, 1989). 

Finalmente, cabe la posibilidad de que los transplantes sean 

integrados dentro de los sistemas funcionales del hospedero como 

parte integral de los circuitos que procesan la información 

(Bragin y cols. 1989; Ebner y cols. 1989; Sorensen y cols. 1989). 

En el modelo de transplantes en la corteza gustativa aún falta 

mucho por hacer. Los datos que hemos obtenido en esta linea de 

investigación no nos permiten postular cual es el mecanismo por el 

cual los transplantes inducen la recuperación conductual. Sin 

embargo si es posible delinear algunos aspectos sobre lo·s cuales 

podemos seguir avanzando, por ejemplo precisar las conexiones de 

las células transplantadas con sus posibles blancos, y profundizar 

el papel de algunos neurotransmisores y la expresión del CAS 

(López-Garcia y cols. 1990). 
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CONCLUSIONES 

En base a los resultados obtenidos podemos afirmar: 

+ Los transplantes de corteza gustativa sobreviven y se integran 

al hospedero formando conexiones con regiones que normalmente son 

inervadas por dicha estructura; los transplantes de tejido 

heterotópico obtendido de la lámina cuadrigémina degeneran cuando 

son implantados en la región de la corteza gustativa 

+ Los transplantes inducen recuperación conductual del CAS a largo 

plazo, este tiempo debe de ser por lo menos mayor a las dos 

semanas después del transplante de corteza gustativa. 
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