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Mensaje editorial:

Este numero de Archivos Mexicanos de Anatamia
que corresponde al VIl afo de nuestra publicacién,
marca la etapa de la Directiva 1966-1969.

Contiene algunos importantes trabajos que se pre-
sentaron en el | Congreso Panamericano y Il Nacional
de Anatomia.

De la motivacién de la Directiva y de la actuacién
de todos los integrantes de la Sociedad Mexicana de
Anatomia, dependera el alcanzar elevadas metas cien-
tificas.

Tres etapas ha compaginado nuestra Sociedad: la
primera, de organizacién y consolidacién, que culminé
con la realizacién del | Congreso Nacional; la segun-
da, de difusién nacional que finalizé con el brillante
Il Congreso efectuado en San Luis Potosi, y la terce-
ra, de proyeccién internacional en que se anoté un
éxito extraordinario en el | Congreso Panamericano y
Il Nacional realizado en la Ciudad de México.

Las Directivas correspondientes y el entusiasmo de
los anatomistas nacionales y extranjeros, han sido de-
cisivos para llegar a obtener el mayor relieve a todas
estas etapas histéricas. ‘

Ahora toca a la Directiva 1966-1969 forjar la cuar-
ta etapa de reestructuracidén, para acrecentar las filas
y reintegrar en forma definitiva la vida de nuestra
Sociedad.

La Directiva actual y el Consejo Editorial, esperan
seguir contando con el mismo interés y entusiasmo de
todos los integrantes de la Sociedad Mexicana de Ana-
tomia, para llegar a vencer los obsticulos que se pre-
senten y hacer una realidad el programa que se han
trazado.



Profr. y Dr. Liberato J. A. DiDio

Senor Presidente
Autoridades aqui presentes,
Senores y Senoras.

En lugar de suplicarles que me per-
donen por querer hablar castellano, voy a
contarles una anécdota: Habia en Esta-
dos Unidos un americano que ensefaba
japonés y que fue a hacer una gira en
Japdn con un grupo de sus alumnos. Des-
pués de la visita al Pais, el Gobierno ja-
ponés les ofrecié un banquete. Natural-
mente los alumnos pidieron al Profesor
que hablase en japonés para agradecer
las atenciones recibidas. El Profcsor hizo
un vibrante discurso, y al momento de la
Clausura, el Jefe del Gobierno Japonés
dijo: “ahora me puedo dar cuenta de la
necesidad de estrechar cada vez mdas la
amistad entre Japén y Estados Unidos,
pues aunque no haya entendido al ora-
dor, pucdo notar que algunas palabras
de los dos idiomas se paracen mucho.”

Espero que al finalizar mis palabras,
el resuliado sea un poco diferente. Por
otro lado, voy a aprovechar esta oportuni-
dad para hablar en castellano como una
demostracién de mi satisfacciéon y orgullo
por haber sido nombrado mexicano del
Sur, al terminar mi conferencia sobre "El
organo Subcomisural' en el Hospital Na-
cional de Neurologia.

De inmediato quiero recordarles, que
amigos son todos aquellos que interpre-
tan nuestros defectos como cualidades,
mientras que los enemigos transforman
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nuestras virtudes en vicios. Por todas las
demostraciones de afecto que he recibido
de los mexicanos, puedo decir que ellos
son mis mejores amigos, y que si pudie-
ra, aqui me quedaria para siempre.

Solamente la infinita generosidad de
los mexicanos, puede justificar la selec-
cién de mi nombre para dirigirles la pa-
labra en la Sesién de Clausura.

En esto, yo veo inmediatamente una
ventaja: como soy el peor orador entre
los anatomistas, ustedes pueden concluir
ipso facto, que cualquier otro seria mejor.

Pero en las presentes circunstancias yo
estoy seguro que la invitacién que me fue
hecha por el ilustre sefor Presidente doc-
to Fernando Quiroz Pavia, fue un home-
naje a la Anatomia de los Estados Uni-
dos de Norte-América, particularmente o
la “"American Association of Anatomists',
que tengo el honor y el placer de re-
presentar oficialmente en este Primer Con-
greso Panamericano de Anatomia, y para
la fundacién de la Asociacién Panameri-
cana de Anatomia.

La realizacién de este excelente Con-
greso y la fundacién de la Asociacién Pan-
americana de Anatomia, constituyen la
materializacién de un sueho. Seguramen-
te todos ustedes tuvieron la oportunidad
de leer el Acta del Congreso de la ""Ame-
rican Association of Anatomists', publi-
cada en "The Anatomical Record™ (140:
238, 1961), en la cual sugerimos la orga-
nizacién ce una Asociacidén Panamerica-
na. Creo cue para el registro histérico
debemos mencionar, que el eminente se-
nor Dr. H. Stanley Bennett, en la misma
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Sesién de negocios, propuso que el Co-
mité Ejecutivo de la Asociacién de Anato-
mistas Americanos, estudiase la manera
més conveniente de alcanzar nuestro ob-
jetivo. De este estudio resuitdé el nom-
bramiento del sefor Dr. Donald Duncan
para presidir una comisién encargada de
apoyar firmemente la iniciativa que, «
esta altura, los mexicanos habian toma-
do. Asi, en el Oltimo Congreso de la
“American  Association of Anatomists”
realizado en abril en San Francisco, el an-
tiguo Presidente, sefor Dr. Donald W.
Fawcett y el nuevo Presidente senor Dr.
Donald Duncan, me informaron que ha-
bia sido nombrado Delegado Oficial para
los eventos cientificos y sociales a rea-
lizarse en esta Ciudad de México, y que mi
gran amigo senor Dr. Larry F. Cavazos
concurriria como suplente.

Por esto, para el Dr. Bennett, el Dr.
Duncan y todos los participantes norte-
americanos y canadienses, cuyos nombres
son muy numerosos para leerlos en este
momento, suplico a ustedes un especial
aplauso. La organizacién y realizacién
de los Congresos Panamericano y Mexica-
no y la fundacién de la Asociacién son
tareas que solamente por milagro po-
drian acontecer. Este milagro, fue reali-
zado por los anatomistas mexicanos de
una manera maravillosa; por esto, yo
también ahora puedo recitar con nuestros
amigos mexicanos, el Credo del poeta
contempordneo Ricardo Lépez Méndez:
.. .México, creo en ti,
en fus cosechas de milagreria,
que sélo son deseo en las palabras.

Te contagias de auroras que te cantan,
1Y todo el bosque se te vuelve carne,
y todo el homibre se te vuelve selval. ..

Necesitaria Un periodo de tiempo mu-
cho mas largo del que tengo a mi dis-
posicién, para poder agradecer en nom-
bre de todos a cada uno de los mexica-
nos que nos han atendido y que consi-
guieron realizar con fanta perfecciéon los
Congresos que hoy se clausuran.

Lo omisién de sus nombres no signifi-
ca disminucién del calor de nuestra gra-
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titud; sin embargo, es mi deber nombrar
por lo menos a dos mexicanos ilustres:
los senores Doctores y Profesores Quiroz
Gutiérrez y Quiroz Pavia. El Prof. Qui-
roz Gutiérrez, decano de la Escuela de
Medicina, Jefe de la Escuela Mexicana
de Anatomistas, tradicional inspirador vy
orientador de los mdas importantes even-
tos cientificos de México, respetado con
veneracién por colegas, antiguos alumnos
y estudiantes, constituye el simbolo vivo
de la Anatomia Mexicana. Yo vine a te-
ner el honor de conocerlo aqui al inicio
del Congreso, y puedo verificar que en
muchos aspectos, entre los cuales el de
caracterizarse como un apbdstol de la Ana-
tomia, me recuerda a mi maestro el sehor
Doctor y Prof. Renato Locchi, también él,
una de las figuras preponderantes de la
Anatomia Latino-americana. Dios no qui-
so que el Prof. Quiroz Gutiérrez partici-
para con nosotros en todas las activida-
des del Congreso, pero estoy seguro que
en Su suprema omnipotencia estd oyen-
do las oraciones de todos sus familiares,
amigos y Congresistas que hacen votos
para un pronto restablecimiento y para
gue esté presente en cl préximo Congreso.
Para el Prof. Quiroz Gutiérrez les sugiero
un vibrante aplauso.

El Prof. Quiroz Pavia, ilustre Presiden-
te, continda el camino trazado por su pro-
genitor, acompanado por una legién de
dedicados y entusiastas anatomistas, que
honran distinguidamente a su Pais. No
sabemos cudl de sus cualidades debemos
admirar mads; si el dinamisino de sus ac-
tividades; el calor de sus expresiones de
amistad o la sinceridad de sus actitudes.
El resultado final de estos eventos, son
la comprobacién evidente de mis afirma-
ciones.

La Asociacién Panamericana de Ana-
tomia, es hoy una realidad palpable. To-
dos los anatomistas del continente Ame-
ricano, sin barreras geogréficas, estdn
unidos bajo el espiritu Unico de hacer pro-
gresar nuestra ciencia, animados por un
deseo de cooperacién igualitaria y por
ansias de integracién sin ninguna depen-



dencia. Los Anatomistas Americanos hoy
no se restringuen mdas a los de Estados
Unidos; hoy incluyen a todos los que se
dedican al estudio de la Anatomia, desde
la Patagonia hasta Alaska. Hablaremos
nuestras propias lenguas y para mejor
entendernos utilizaremos la misma no-
menclatura anatémica. Pero estamos se-
guros que nos entederemos mejor con el
afecto y el calor de nuestras relaciones de
amistad que se manifestaron tan elocuen-
temente en este Primer Congreso.

Naturalmente, que como consecuencia
de nuestro intercambio, habrd los que
pueden ayudar y los que deberdn ser ayu-
dados. El nivel de nuestras relaciones
no tendrd ningln caracter de favor sino
de honor, el honor de poder auxiliar sin
esperar por compensacién ni gratitud; en
pocas palabras, serd la voluntad de ayu-
dar por el placer de hacerlo. Como no he
tenido la oportunidad de participar en el
programa Social, por obvias razones, voy
a basarme en la opinién de mi esposa.
Por sus palabras, puedo declarar, que las
mujeres mexicanas estdn entre las mas
guapas y elegantes anfitrionas que he-
mos conocido en Congresos Internaciona-
les. A las encantadoras seforas y seno-
ritas mexicanas, expreso la admiracién y
el agradecimiento de todos los Congre-
sistas. Esta misma manifestacién de gra-
titud se extiende por nuestro intermedio a
todos los mexicanos que organizaron el

Congreso, desde la Presidencia hasta los
miembros del personal administrativo,
que, con su espiritu de colaboracién y cor-
tesia, nos hicieron sentirnos como si es
fuviéramos en nuestra propia casa.

Es imposible expresar todo lo que sien-
to, con mi pobre vocabulario y para me-
jor llegar al corazén de los mexicanos voy
a leer unos versos de alguien que hablé
con la verdadera alma mexicana y que
expresa mucho de lo que desearia de-
cirles:

Son las estrofas finales de Suave Pa-
fria, compuestas por el consagrado poe-
ta Ramén Lépez Velarde.

.Trueno de nuestras nubes, que nos
[bafa
de locura, enloquece a la montana,
requiebra a la mujer, sana al lundtice,
incorpora a los muertos, pide el Via-
[tico,
y al fin derrumba las madererias
de Dios, sobre las tierras labrantias.

Trueno del temporal: oigo en tus
[quejas,

crujir los esqueletos en parejas:

oigo lo que fue se fue, lo que adn no

toco, y la hora actual con su vientre de

coco.

Y oigo en el brinco de tu ida y venida,

oh trueno, la ruleta de mi vida.

Muchas y muchas gracias



Actividad de Acetilcolinesterasa

en cerebros de ratas
con anoxia

Summary: By the histoquimic method
of Koelle and Friedenwald we are inves-
tigating the acetilcolinesterasa activity in
the Pentral Venc System of albin rats sub-
mitted to an anoxie, acute, chronic process.
The sections are practiced in a criostot 15°
C. The tissue is not fix so it may keep
intact the enzyme activity. There are de-
mostrated exceptions to the general loca-
lization rule of the enzymatic reaction,
upon the gray substance and the white
substance. The A.C.E. activity is indepen-
dent of the nervous funtional component.
This is proved because this activity is posi-
tive in motor nuclei sensorial signification
and in integrative areas of Pentral Venc
System.

Resumen:—Por el método histoquimico
de Koelle y Friedenwald se investiga la
actividad de acetilcolinesterasa en el sis-

preliminares del presente estudio
en el VIl Congreso Co-
efectuado en la Ciudad
1964,

resultados
fueron dados a conocer
lombiano de Patologia
de Cali, en noviembre de

* Los
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Por José Morales L., M. D. Profesor de
Anatomia de la Facultad de Medicina
de la Universidad Mayor de *'San Andrés"
La Paz, Bolivia.

tema nervioso central de ratas albinas so-
metidas a un proceso de anoxia aguda y
crénica. Las secciones se practican en un
criostato a —15° C. El tejido se procesu
sin fijacién alguna con el objeto de con-
servar intacta la actividad de la enzi-
ma. Quedan demostradas excepciones a
la regla de localizacién general de la
reaccion enzimdtica sobre las sustancias
gris y blanca. Que la actividad de A.C.E.
es independiente del componente funcio-
nal nervioso, se comprueba por el he-
cho de ser positiva en ndcleos motores,
estructuras de significacién sensorial y en
dreas integrativas del S.N.C.*

Los trabajos de R. Debijadji y asociados
y ofros autores anteriores a éstos, han
permitido evidenciar cambios significati-
vos en la actividad monoaminérgica en
el Sistema Nervioso Central de animales
sometidos a hipoxia hipéxica (8). Estas



modificaciones, segin parece, son el efec-
to del aumento en la produccién vy libe-
racién por parte del tejido nervioso, de
monoaminas y catecolaminas consecuti-
vamente a la disminucién de la fensién
parcial de oxigeno en la sangre que llega
al cerebro. El mecanismo bioquimico de
tales hallazgos y los circuitos nerviosos
comprometidos, no han sido interpreta-
dos adecuadamente hasta el presente.

En contraste con los estudios realiza-
dos sobre los aspectos anteriores, poco °
nada se encuentra en las fuentes usuales
de informacién acerca de la actividad de
la acetilcolinesterasa en condiciones  si-
milares de experimentacién. En este tra-
bajo pretendemos investigar, utilizando
un procedimiento histoquimico, las posi-
bles alteraciones de la actividad de
A.C.E. en cerebros de ratas que fueron
sometidas a un proceso de anoxia andxi-
ca, tanto crénica asi como aguda.

La A.C.E. es una enzima que se en-
cuenira especialmente en las terminacio-
nes nerviosas llamadas colinérgicas; sin
embargo, ésta no es su Unica y exclusiva
localizacién. Ha sido estudiada extensa-
mente de preferencia a nivel de placa mo-
tora, estructura en la cual, ofrece una ac-
tividad notable (5, 9, 10). De acuerdo
con Nachmansohn, D. (22), en una sola
placa motora se hidrolizan 1.6 X 10-° mo-
léculas 0.2 X 10-° ug de aceticolina
por milisegundo.

Los estudios de Dale, Loewi y varios
otros (6, 7, 11, 12, 13, 15, 24), han lle-
gado a establecer que la acetilcolina, ac-

tba a nivel sindptico como un agentfe
neuro-humoral que sustituye la corriente
eléctrica en los fenémenos de transmi-
sién y propagacién del impulso nervic-
so. Koelle y Friedenwald (18), comproba-
ron que ciertas zonas del sistema nervio-
so de los mamiferos, ofrecen mayor acti-
vidad de A.C.E. que otras. Los hallazgos
de estos investigadores fueron confirma-
dos y ampliados en estudios histoquimi-
cos y bioquimicos posteriores, con lo cual
ha sido posible un conocimiento més com-
pleto de la distribucién, localizaciéon e
intensidad de actividad de la enzima en
cuestién, a través de los teiidos y las di-
ferentes estructuras celulares (2, 12, 14,
17}

La Caracterizacién quimica de las va-
riedades de colinesterasas constituye un
problema no bien solucionado en la ac-
tualidad. Frecuentemente se utiliza y acep-
ta la agrupacién de estas enzimas en dos
tipos principales (Cuadro 1). Para los efec-
tos de esta clasificacién se tiene en cuen-
ta una serie de factores y propiedades
de tales fermentos, como ser: — Sus cua-
lidades histoquimicas, sus caracteristicas
fisiolégicas, la capacidad especifica de
hidrélisis sobre determinados sustratos,
su localizacién en los diversos tejidos y
en las distintas partes de la célula, etc. (3,
6, 12, 14, 25).

En el cuadro siguiente se hace la com-
paracién entre algunos de los ‘principales
rasgos propios de ambos tipos de colines-
terasas. '



CUADRO |

Acetilcolinesterasa .

Otras colinesterasas

DISTRIBUCION

Placa motora
Eritrocitos
Ganglios simpdticos

S. N. C. sustancia gris

Higado
Plasma sanguineo
Mucosa intfestinal

S. N. C. sustancia blanca

ESPECIFICIDAD SOBRE SUSTRATOS

Acetilcolina
Propionilcolina

Butirilcolina

Butiricolina
Propionilcolina
Acetilcolina

NUMERO DE SITIOS ANIONICOS

Uno o dos

(Tejidos  eléctricos)

-
Cero a uno

(Plasma humano)

CURVA DE ACTIVIDAD CON
ACETILCOLINA COMO SUSTRATC

(Inhi-
bicién por exceso de sustrato)

En forma de campana.

En forma de S.
hibicién  por

(No hay in-
exceso de sus-

trato)
NOMENCLATURA

Colinesterasa verdoderc Pseudocolinesferosu
Colinesterasa tipo e Colinesterasa tipo s
Colinesterasa especifica Colinesterasa  inespecifica
G E s C. E 1l

Material y Método: tamente, obteniéndose el siguiente pro-

medio en volUmenes por ciento:

'Ra’ros albinas adultas y normqles, en b e - e 2502
nimero de ocho, fueron introducidas en 0. 16.632
una cdmara parcialmente cerrada y en Kb L 1o 15 4 <EoHces 80.638

cuyo interior permanecieron por un tiem-
po que varib entre siete y veinte dias, con
alimentacién corriente. Interdiariamente se
toman muestras del aire de! interior del
recipiente, las cuales son analizadas pron-

* Los trabajos se realizaron en los laboratorios de
Biologia e Histoquimica de la Universidad del Valle,
Cali-Colombia.
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Normalmente las concentraciones volu-
métricas proporcionales de estos gases
en el laboratorio son las siguientes: CO-
0.04, O, 20.64, N, 79.19.*



A otras cuatro ratas se les hizo inha-
lar CO, en forma masiva, hasta que re-
sultaron en coma. Los animalitos son
muertos - por decapitacién y se extrae con
cuidado el S.N.C.; enjudgaselo répida-
mente en agua fria con el objeto de eli-
minar la sangre que pudo haber queda-
do adherida a la superficie encefdlica.
Mediante cortes coronales y transversales
obtiénense trozos de 4 a 8 mm de espe-
sor, los cuales son introducidos de inme-
diato en un criostato Harris N2 M 40, en-
friado a —15° C. La operacién completa
tiene una duracién promedio de 4 minu-
tos. Una vez congelado el tejido se prac-
tican secciones coronales y transversales
de 8 micrones de espesor, las cuales son
colectadas en portaobjetos y transporta-
das luego hacia el medio de incubacién.
El procesamiento ulterior se realiza de
conformidad al método de Koelle y Frie-
denwald (18, 20, 21), en el que se hace
actuar la acctil-tio-colina como sustrato.

Sirvié de control o ‘‘blanco” el S.N.C.
de cuatro animalitos de la misma espe-
cie, los cuales no fueron sometidos al pro-
ceso andxico. También se elaboran con-
troles positivos con musculos diafragma
y psoas, y controles negativos, esto es, sin
sustrato. Algunas secciones son colorea-
das con hematoxilina-eosina y otras son
tratadas con solucién acuosa de eserina
al 3 X 10 M (inhibidor de la enzima)
por espacio de 30 minutos, previamente a
la introduccién al medio de incubacién.
Ocasionalmente algunos cortes son colo-
reados con toluidina azul o en safranina
O para alcanzar mayor contraste. La in-
cubacién tiene lugar a 37° C para espa-
cio de 60 minutos. De acuerdo con las re-
comendaciones de Sabatini, D. D., y aso-
ciados (23), no usamos ningln fijador
con el propésito de preservar la actividad
enzimdatica.

Resultados.
‘
Se observa al microscopio un total de
640 cortes procesados para la reaccién de
A.C.E. De estos cortes, 150 corresponden

a las ratas controles o “'blanco’. Por otra
parte, 120 secciones distintas a las an-
teriores, se utilizaron para los diferentes
controles, positivo, negativo y con inhi-
bidor de la enzima.

En general, la reacciéon se presenté en
estructuras de sustancia gris situadas pro-
fundamente en el S.N.C., como aprecic-
mos en las fotografias que ilustran el pre-
sente trabajo. La corteza cerebral y la
sustancia blanca no ofrecieron relacién
histoquimica. Esta reaccién estuvo tam-
bién ausente en las regiones hipotaldmi-
cas; no obstante, otros autores (1, 19),
afirman haber hallado actividad de coli-
nesterasa en dichas estructuras, aunque
con métodos diferentes al desarrollado
aqui.

Los controles positivos de muisculcs
mostraron invariablemente fuerte activi-
dad de A.C.E. en el sitio correspondiente
a las placas motoras (figura 1). En los
coniroles negativos y las secciones trata-
das con eserina, no se evidencia reaccion
alguna.

El Cuadro Il que insertamos a continua-
cién, nos da una idea de ubicacién e in-
tensidad de la reaccién enzimdtica segin
las zonas del sistema nervioso de la rata
y ademds, nos permite resumir nuestros
principales hallazgos.

CUADRO 1I
Reaccién histoquimica intensa

Placa motora (control positivo)

Neoestriatum nicleo caudado y putamen)

Coliculo superior

Nucleo interpeduncular

Sustancia nigra

Ndcleos sensorial principal y motor del
V par

Nucleo del facial

Nucleo del hipogloso

Asta anterior de la médula espinal (cer-
vical)



Reaccién histoquimica débil

Talamo: nicleos anteriores y laterales

Cerebelo: capa granular

Hipocampo: capa 2 del girus dentado y
ldmina de las pirdmides del cuerno de
Ammén

Ndcleo del 1l par

Ndcleo dorsal motor del vago

Asta posterior de la médula espinal

Discusion.

El neoestriatum (figuras 2 y 3), ofrece
una perfecta diferenciacién de sus com-
ponentes grises y blancos. Sobre la sus-
tancia blanca, la cual estd constituida de
fibras nerviosas mielinizadas, no se pro-
dujo depésito de sulfuro de cobre, pro-
ducto final de la reaccién. A nivel de la
sustancia gris de estos nicleos basales no
fue posible distinguir los contornos celu-
lares, no obstante que la actividad en-
zimdtica en este sitio, se manifiesta muy
claramente. La distribucién del sulfuro de
cobre sobre la parte celular del nicleo
caudado (figura 2) y la respectiva del pu-
tamen (figura 3), se presenta en forma
caracteristica permitiendo la diferencia-
cién perfecta de sus partes neuronales y
axonales.

Los coliculos superiores mostraron una
reaccién enérgica en sus capas superfi-
ciales, las cuales son ricas en cuerpos ce-
lulares (figura 4). La intensidad de la reac-
cién tiende a disminuir hacia los estra-
tos profundos. Aqui tampoco fue posible
discernir contornos celulares ni apreciar
la estratificacién tan caracteristica de es-
tas estructuras nerviosas en otras clases
de coloraciones. El nicleo interpeduncular
es fuertemente  positivo (figura 5), lo mis-
mo que las porciones retficular y compactc
de la sustancia nigra (figura 6).

La reaccién enzimdtica adquirié carac-
teres notables por su intensidad y la ni-
tidez con que permitié la apreciacién de
los contornos de las células, en los nu-
cleos: Sensorial principal del V par cra-
neal, motor del mismo nervio, del facial
(figura 7), hipogloso (figura 8) y parte
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medial del asta anterior de la médula es-
pinal en sus segmentos cervicales supe-
riores. La visualizacién de los limites ce-
lulares se efectéa sin ninguna dificultad
en todas estas formaciones aun sin el em-
pleo de coloracién de contraste. A mayor
aumento las neuronas de tales nucleos
ofrecen una delgada franja de color ne-
gro la cual rodea més o menos comple-
tamente el pericardio y la iniciacién de al-
gunas prolongaciones neuronales, fratan-
do de reproducir la disposicién de las ter-
minaciones nerviosas sobre la membrana
del cuerpo y dendritas de la célula ner-
viosa (figura 9).

El menor depésito de sulfuro de cobre
en los ndcleos taldmicos, el cerebelo, hi-
pocampo, efc. (Cuadro Il), nos induce a
pensar que la actividad de A.C.E. es ma-
nifiestamente menor en tales regiones,
antes que interpretar estas observaciones
como el resultado de variaciones en el
método de investigacién. En el cerebelo
la capacidad hidrolitica sobre el sustrato
especifico es mayor en la capa granular
(figura 10), lo cual estaria de acuerdo con
los estudios de Austin y coautores (4).

Buen nUmero de placas histolégicas
examinadas presentaron cristales de fio-
colato de cobre en cantidades variables,
asi como también la difusién de la reac-
cién enzimdtica hacia regiones que nor-
malmente no tienen este tipo de actividad.
Estos artificios del procedimiento técnico
podrian ser evitados segin Koelle (16)
mediante ciertas modificaciones de su mé-
todo original.

Conclusiones.

Después del examen detenido y minu-
cioso de los diferentes sectores del S.N.C.
de la rata, nosotros no fuimos capaces de
observar cambios significantes, ni de in-
tensidad ni de localizacién de la reaccién
histoquimica entre los tejidos pertene-
cientes a las rafas con anoxia y los con-
troles. Empero, con el objeto de comple-
mentar este trabajo y precisar mejor los



resultados experimentales, hemos decidi-
do realizar cuantificaciones bioquimicas
de la actividad de A.C.E. y de colinaceti-
lasa en condiciones similares a las adop-
tadas aqui.

Si bien en términos generales y tal como
quedd establecido en el Cuadro I, la sus-
tancia blanca carece de este tipo de ac-
tividad enzimdtica, mientras que la sus-
tancia gris es uno de los puntos donde or-
dinariamente se la encuentra, nuestro ac-
tual estudio permite evidenciar la exis-
tencia de varias excepciones a esta regla,
pues no toda la sustancia gris es reactiva
(corteza, nicleos hipotaldmicos, bulbo ol-
fatorio, paleoestriatum, etc.), ni toda la
sustancia blanca permanece inactiva du-
rante el proceso histoquimico (las raices
del nervio facial son un buen ejemplo de
este aserto, figura 7).

La distribucién de la reaccién de A.C.E.
no guarda relacién con los componentes
funcionales del sistema nervioso central
de la rata, pues se la encuentra en estruc-
turas cuya significaciéon funcional es des-
igual, como en el caso de los nicleos mo-
trices del V, VIl y XII pares craneales, del
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FIG. N¢ 1

Misculo  Diafragma. - Intenso  depésito  de  sulfuro
de cobre a nivel de las placas motoras (P).
Visualizacién de los nlcleos celulares debido a
la coloracién de contraste. Obsérvese el filete
nervioso (N) dividiéndose en dos ramas las cuales
alcanzan las respectivas placas motoras. Cada fibra
muscular (F) cuenta con una placa motriz 3.5 X.
Rata control.

FIG. Ne 2

Neoestriatum. Cabeza del Nicleo Caudado. Aprecia-
ble actividad en sus porciones medial y basal. Ningu-
na respuesta en la Comisura Anterior (C A), la cual
estd constituida de axones mielinizados. 3.5 X.
Rata con anoxia.






FIG. N° 3

Neoestriatum. Putamen. La diferenciacién entre las
estructuras  blancas y grises se aprecia con toda
nitidez, ddndole su aspecto estriado caracteristico.
Las dreas celulares son fuertemente reactivas vy
aparecen de color negro. El Hipocampo (H) y una
zona vascular del Paleoestriatum (P E), ofrecen dis-
creta actividad. Obsérvese el ventriculo lateral con
el plexo coroideo (V L). 3.5 X. Rata con anoxia.

FIG. N° 4

Coliculo Superior. Las capas superficiales se mues-
tran mds activas que las profundas. La Corfeza Ce-
rebral (C) no presenta depédsito de sulfuro de cobre,
F. 1. fisura interhemisférica. 3.5 X. Rata con anoxia.

FIG. N° 5

Nicleo Interpeduncular. El producto final de la
reaccién histoquimica se deposita principalmente a
nivel de su parte dorsal. Sus porciones laterales son
menos reactivas, mientras que la zona central es
débilmente positiva. 3.5 X. Rata con anoxia.

FIG. N¢ 6

Sustancia Nigra. A través de esta estructura se
deslizan las raices del tercer par craneal (flechas).
Nétese la débil reaccién en el Nicleo del Oculo-
motor (N O). El Nicleo Interpeduncular es visible
en las partes inferior y media de la figura, como una
zona irregularmente circular. 3.5 X. Rata con anoxia.






FIG. N¢ 10

Neuronas del Nucleo Motor del Facial. Obsérvese
la intensa reaccién en la periferia del cuerpo vy
de una dentrita de dos neuronas contiguas. 45 X
Rata control.

FIG. N° 8

Nucleo del Hipogloso. Correcta delimitacién de los
contornos neuronales. V. cuarto ventriculo con el
respectivo plexo coroideo. 10 X. Rata con anoxia.

FIG. N* 9

Cerebelo. Reaccién eviddente, aunque débil en la
capa granular (C G), de la corteza cerebelosa. 10 X.
Rata control.

FIG. N° 7

Nicleo Motor del VII Par. Abundante depésito de
sulfuro de cobre a nivel del Noicleo del Facial.
Las raices de este nervio son positivas a la reac-
cién histoquimica mientras que las del Oculomotor
se ofrecen negativas, conforme se aprecia en la
figura anterior (flechas). 3.5 X. Rata control.
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An integrated approach to the teaching
of biological structure in the first year

medical curriculum

RESUMEN

Con la iniciaciéon de la instruccién en la
nueva Escuela de Medicina de la Universi-
dad de Nuevo México en 1964, se progra-
maron los aspectos estructurales de medici-
na bioldgica, como una presentacién inter-
disciplinaria.

Durante las primeras ocho semanas, se
presentan conceptos basicos de Anatomia,
por medio de diseccién de las extremidades.
Al mismo tiempo, se estudia la anatomia mi-
croscopica de las células y de los tejidos fun-
damentales en estrecha asociaciéon con la
presentacion de los principios bioquimicos.

Como continuacién a la introduccién de
estos conceptos, se dedica un periodo de
dos semanas al estudio de los glébulos ro-
jos. Se considera la glicolisis, hemopoyesis,
sintesis de la hemoglobina y de las influen-
cias metabdlicas de seleccién de las funcio-
nes de los glébulos rojos. Se presentan bre-
vemente los érganos linfaticos en relacién
con los fenémenos inmunoldgicos, al mismo
tiempo con una exposicién microbioldgica
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durante tres semanas. Una breve conside-
racién de las propiedades de contraccién y
conduccién de los musculos y los nervios
respectivamente, precede a la iniciacién de
la biologia integral de érganos y sistemas.

La biologia cardio-vascular-pulmonar, for-
ma un conjunto interdisciplinario de ense-
nanza durante seis semanas, seguido de dos
semanas de biologia renal, tres semanas de
biologia gastro-intestinal y cuatro semanas
de endocrinologia. En todas estas areas que
sirven de tema, se representan a simple vis-
ta y al microscopio aspectos anatémicos ul-
traestructurales y de desarrollo como com-
ponentes integrales con las presentaciones
de la fisiologia, biologia, y farmacologia.

Durante tres semanas se presenta la ana-
tomia a simple vista de la médula espinal,
cabeza y cuello, como preparaciéon para una
exposicion de seis semanas sobre neurobio-
logia. El programa neurobiolégico compren-
de neuroanatomia, neurofisiologia, neuroqui-
mica y neurologia clinica en una unidad efec-
tiva que establece referencias particulares
con pacientes enfermos con afecciones que
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ilustran y correlacionan las 4reas de estudio
con las diferentes disciplinas involucradas.

SUMARY

With the initiation of instruction at the
new School of Medicine of the University
of New Mexico in 1964, the structural
aspects of medical biology was programmed
as an interdisciplinary presentation.

During the firts eight weeks, basic con-
cepts of Groos Anatomy are introduced by
way of the dissection of the extremities.
Concurrently, the microscopic anatomy of
cells and basic tissues are studied in close
association with the presentation of bioche-
mical principles.

Following these concept introductions, a
two week period is devoted to the red
blood cell. Glycolysis, hemopoiesis, hemo-
globin  synthesis and selected metabolic
influences concerned with red cell fuction
are considered. Lymphatic organs related
ot immunologic phenomena are briefly pres-
ented in conjunction with a three week
exposure to microbiology. A short consi-
deration of contraction and conduction
properties in muscle and nerve respectively
precedes the beginning of integrated organ
system biology.

Cardiovascularpulmonary biclogy forms a
six week interdisciplinary teaching bloc,
followed by two weeks of renal biology,
three weeks of gastrointestinal biology and
four weeks of endocrine biology. In all of
these subject areas, gross, microscopic,
ultrastructural and developmental aspects of
anatomy are representend as integrated
components with the physiological, bioche-
mical and pharmacological presentations.

Gross Anatomy of spinal cord and head
and neck are presented in theree weeks in
preparation for a six week exposure to
Neurobiolegy. The neurobiological program
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offers neuroanatomy, neurophysiology, neu-
rochemistry, neuropharmacology and clinical
neurology in an effective unit which featu-
res particular reference to patients with
disorders that illustrate and correlate areas
of study of the several disciplines involved.

The University of New Mexico School of
Medicine initiated instruction in Medical
Biology to its first class of 24 medical stu-
dents in September 1964. Our intent in
the design of this first year curriculum
was fo present the several basic medical
sciences in an interdisciplinary fashion in
close association with an early exposure
of students to patients in the hospital
sefting.

The students take two courses during
the first year, Medical Biology and Clini-
cal Science. Into Medical Biology is struc-
tured the subject matter and paticipation
of the Depariment of Anatomy, Bioche-
mistry, Microbiology, Pharmaplogy and
Physiology. In Clinical Sciences, an intro-
duction to normal human behavior is cor-
related with the beginnings of patient
interviews in the hospital during the first
15 weeks. The remaining 23 weeks are
concerned with an introduction to phys-
ical diagnosis and history-taking.

The first eight weeks of the curriculum
can be thought of as an introduction to
the principles of molecular, cellular and
tissue biology by exposure of students to
increasingly complex levels of organiza-
tion. Thus atomic and elemental principles
are considered before the submicroscopic
features of biological ststems are introdu-
ced. This pattern then extends to cellular
and tissue biology. Of interest in our se-
quence is the fact that biochemical princi-
ples are present from the point of view
of proteins, their composition, activity, for-
mation and metabolism. This permits a
close association in teaching those fea-
tures of biological structure in which spe-



cific proteins can be identified and the
interrelationships between the disciplines
are thereby reinforced. Such areas of prac-
tical reinforcement in our program are
found in considerations of the types of
collagen of connective fissues, certain ac-
tive amines of connective tissue cells and
neural elements, the proteinaceaus coatings
of cells and their relationship fo tissue
fluid, muscle proteins and the structure of
membranes.

In addition to chemical and morpholo-
gical expositions during the introductory
eight weeks, genetics and biometrics are
programmed in sufficient amounts to provi-
de a substantive foundation on which fu-
ture presentations are able to build.

During this interval of the first eight
weeks, the Gross Anatomical features of
the extremities are studied with emphasis
on the macroscopic aspects of the basic
tissues. Our approach in Gross Anatomy
is designed to consider the functionally
important relationships and actions of spe-
cific areas, rather than detailed discourse
in depth. The instructors who are involved
in the teaching of morphology during this
period have the opportunity to correlate
the gross, microscopic and submicroscopic
relationships of the basic tissues into a
functionally-oriented presentation. This hor-
izontal approach to the presentation of
biological structure is an old system used
by many earlier Anatomists, but its signif-
icance here is that the morphology is
considered from a functional basis in bio-
chemical or physiological terms where
appropriate.

In the next two weeks the red-blood
cell is considered as an integrated unit.
Its development and varying structure are
studied and following this, the biochemi-
cal attributes of glycolysis, oxygen tran-
sport and membrane permeability pheno-
mena are dealt with. Selected hemoglo-
binopathies that show either genetic or
adaptive expressions are outlined and
where possible, patients having certain
blood dyscrasias are presented to illustrate

specific areas in this phase of the pro-
gram.

After the red-blood cell unit is complet-
ed, a two and one half week exposure
to the principles of microbiology is be-
gun through the intermediary of nucleic
acid metabolism. The anatomy of the
nucleus and cytoplasm of mammalian cells
is contrasted with the homologous ma-
terials of microbial life.

A one week interdisciplinary consider-
ation of membrane phenomena is next
programmed using muscle and nerve as
the functional biological units. Conduc-
tion, excitation, contraction, relaxation and
polarization phenomena are surveyed in
preparation for intensive study of the bio-
logy of the organ systems.

Organ system biology takes on a slight-
ly different aspect. The Gross Anatomy
of the area usually precedes the interdis-
ciplinary (microscopic anatomy, physiolo-
gy, biochemistry and introductory clinical
aspects) appoach to subject areas. Thus,
the next five to six weeks constitute an
intensive study of cardiovascular-pulmo-
nary biology. The Gross Anatomy of the
thorax is covered, and the structure of
the heart, great vassels and respiratory
system is interdigitated with the contri-
butions of the other disciplines. An ani-
mal heart is provided to each student for
a thorough dissection and understanding
of its organization.

A two-week period of renal biology is
juxtaposed to pulmonary biology because
the common properties of acid-base ba-
lance are better considered closer fto-
gether.

Gross Anatomy of the anterior abdom-
inal wall and inguinal region is be-
gun in anticipation of a two and a half
to three week consideration of gastro-
intestinal biology. The structure of the ab-
dominal contents is presented at all levels
of organization in conjunction with ap-
propriate physiological and biochemical
data.
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The next section lasting approximately
four weeks is Endocrine Biology and fea-
tures the Gross Anatomy of the pelvis
and perineum, the genital systems of both
sexes in microscopic anatomy and the
structure and function of all the remaining
endocrine glands. Experiments in bioas-
say of unknown endocrine preparations
are used to provide interest in learning
the effects and interrelationships of the
several glands under consideration.

The curriculum continues with approxi-
mately three weeks of the Gross Anatomy
of the spinal cord, back, ad head and
neck. This intensive study of Gross Anato-
my is gradually diminished to provide time
to begin readings in programmed neu-
roanatomy (Sidman & Sidman). In the latter
sessions, specific demostrations of brain
structures are performed with small groups
of students. Thus the gross anatomical
foundation to proper orientation of stu-
dents to neurobiology is established by
close positioning of these importantly re-
lated subject areas within the curriculum.
Approximately six to seven weeks of neu-
robiology concludes the first year. This
integrated presentation consists of neuro-
anatomy, neurophysiology, neurochemistry,
neuropharmacology and clinical neurology.
Each week specific patients are present-
ed to illustrate interesting aspects of the
neurobiological spectrum.

It was mentioned earlier that with the
beginning of organ system biology, the
clinical experiences of the students expand
to include the fundamentals of physical
diagnosis. Such applied knowledge in the
first year has a positive effect on under-
stading the structural basis for the physi-
cal examination and makes the overail
efforts in instructing students morphologic-
ally, immesasurably easier.

Our teaching plan permits instructors
to follow their presentations to students
from the gross to the microscopic aspects
of the particular area with which they may
be concerned. This teaching scheme has
two principal effects on the shedule: (1) it
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permits continuity of the anatomical dis-
cipline within the interdisciplinary ap-
proach, and (2) it eases the time commit-
ment of the instructors to identifiable
blocks of the program. Thus as mentioned
earlier, individuals concerned with teach-
ing cytology and basic tissues will also
cover the anatomy of the extremities.
Those concerned with the gross anatomy
of the thorax and abdomen will handle
the corresponding microscopic study of
the tissues and organs involved here. In-
structors concerned with the pelvis and pe-
rineum will be involved in the endocrine
biology areas of the program. Similarly,
the neurobiologically-oriented  teachers
will have primary concern for the Gross
Anatomy of the head and neck and spinal
cord so that effective translation of princi-
ples between the two areas of anatomy
will form a logical transition.

Appended below is a synopsis of our
next year's curriculum showing the distri-
bution of subject areas and their relative
time allotments. For those interested in
our experiment in integrated teaching, we
have a supply of detailed copies of our
first year curriculum for 1966-67 which
are available upon request.

THE UNIVERSITY OF NEW MEXICO SCHOOL
OF MEDICINE

CURRICULUM FOR FIRST YEAR 1966-1967

A synopsis of departmental participation
in integrated instruction

Approx.
hrs.
Orientation week September 8-10:

Weeks 1-8, September 12-Novem-
ber 5:

Basic principles underlying mo-
lecular, cellular and tissue
biology

1. The principles of chemical be-
havior from the atom fo



Approx.

complex proteins - including.
considerations of physical
chemistry, pK's photometry,
counter-current  distribution,
chromatography, electropho-
resis, enzymes, energefics,
isotopes and macromolecules

2. Gross anatomical dissection
of upper and lower extremi-
ties

3. Cytology and general histo-
logy - covering all the basic
tissues and including histo-

chemical and cytochemical
correlations
Biometrics
Genetics - programmed in-

struction with lectures
Pharmacological principles
Clinical sciences

Group conferences

. Unprogrammed time

000N (6,10 N

Weeks 9-10, November 7-19:

Biology of Red Blood Cell

1. Biochemistry related to glyc-
olysis, hemoglobin synthesis
and membrane phenomena

2. Morphology of blood and
marrow
3. Pathology
4. Clinical sciences
5. Review sessions
6. Unprogrammed time
Weeks 11-13, November 21-De-

cember 10:

Introduction to Microbiology

1. Principles of Microbiology,
including considerations of
nucleic acids, microbial ana-
tomy and physiology, nutri-
tion, growth and metabolism.
Selected experiments in the
laboratory

2. Student Seminars

Approx.
hrs. hrs.
3. Group conferences: . .- 3 4
4. Clinical sciences 14
5. Unprogrammed time 24
Week 14, December 12-17:
97 General membrane phenomena
and muscle
50 1. Muscle and membrane phe-
nomena (Physiolgy) ; ., 18
2. Microscopic anatomy 1
3. Pharmacology 1
4. Gross Anatomy - thorax - 8
35 5. Clinical sciences 6
6 6. Unprogrammed time 9
12 Weeks 15-20, December 19-February
3 4: . 4
48 (Christmas holiday Déecember
21 221January 4)
72 j
Cardiovascular-pulmonary biolo-
ay
1. Physiology ’ 73
2. Gross Anatomy-complete tho-
o rax 15
3. Microscopi¢. Anatomy 14
13 4. Pharmacology. . - )
5 5. Review : -9
12 6. Conferences 7
4 7. Clinical sciences 30
]‘8 8. Unprogrammed time 62
Weeks 21-23, February 6-21: »
Renal biology
1. Physiology 53
2. Microscopic Anatomy 5
3. Review 3
4. Conferences 4
5. Clinical sciences 14
6. Unprogrammed time 24

56 Weeks 23-25, February 22-March
10 11:
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Approx.

Gastrointestinal biology

Clinical sciences
. Unprogrammed time

1. Gross Anatomy

2. Microscopic Anatomy
3. Physiology

4. Biochemistry

5. Conferences

6.

7

Weeks 26-29, March 13-April 8
(Easter Vacation March 22-28)

Endocrine Biology

. Gross Anatomy
Physiology

Microscopic Anatomy
Biochemistry

Student reports of hormone
unknowns

. Clinical sciences
Unprogammed time

N O Oh ON—~

Weeks 30-32, April 10-29:

Gross Anatomy of Back, Spinal
Cord, and Head and Neck (In-
troduction to Neurobiology)

1. Gross Anatomy

2. Programmed Neuroanatomy
3. Clinical sciences

4. Unprogrammed time

Weeks 33-38, May 1-June 9:

Neurobiology

1. Programmed Neuroanatomy
2. Neuroanatomy

24

hrs.

35
11
18
17

16
14

30

27

18
18

74
10

27

18
44

Approx.

hrs.

3. Neurophysiology 60

4. Neuropharmocology 4

5. Neurochemistry 6
6. Clinical sciences, patient pres-

entations and review 52

7. Unprogrammed time 63

Summary of the Department of Anatomy
participation in the first year curriculum by

distribution of hours:

Gross Anatomy 212 hrs.
Microscopic Anatomy 106
Neuroanatomy, incl. pro-
grammed text 72
Total: 390

Approximate hours of participation by
disciplines in the first year curriculum:

hrs.
Anatomy 390
Biochemistry 159
Physiology
Microbiology 56
Other disciplines 38
Group conferences and
review 68
Clinical sciences 228
Sub-total 1,189
Unprogrammed time 331
(22 % of total time)
Total 1,520
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Parallelisms in fiber relations
and variations in nuclear patterns
in the phylogeny of the amygdala’

RESUMEN
H. N. Schnitzlein

La amigdala de la lamprea estd repre-
sentada por una sola masa amigdalina,
en el amplio hemisferio indiferenciado. En
peces y anfibios hay dos divisiones de la
amgidala, una corticomedial y una baso-
lateral.

En reptiles y mamiferos la amigdala ha
pasado ya por una diferenciacién mas
amplia encontrdndose los siguientes nG-
cleos; lateral, basal, cortical y medial, asi
también como una regién amigdalina an-
terior, un ndcleo central y en algunos rep-
tiles y mamiferos hay un ndcleo adicio-
nal.

Las aves representan una rama de alta
especializacién de la linea de los reptiles
y no han sido tomadas en cuenta en este
trabajo.

El tracto olfatorio lateral que se deri-
va del bulbo olfatorio y el bulbo olfato-

1 This investigation was supported in part by re-
search grants (NB04295, NB01804, and NB05250)
from the National Institute of Neurological Diseases

Arch. Méx. Anat. N? 26

H. N. Schnitzlein, H. H. Hoffman, E. G.
Hamel, Jr., and N, C. Ferrer *

* Department of Anatomy. University of Alabama
Medical Center. Birmingham, Alabama, U. S. A.

rio accesorio (frecuentemente hay una si-
napsis a través de la substancia gris al
lado del tracto o en el drea amigdalina
anterior) termina ampliamente en el no-
cleo’ medial y cortical de la amigdala. El
complejo basolateral estd caracteristica-
mente interconectado con la amigdala
contralateral a través de la comisura an-
terior (fig. 13). Los nucleos basal y late-
ral también tienen interconexiones con la
corteza suprayacente. La diferenciacién au-
menta en la escala filogenética también
con la diferenciacién de las dreas cortica-
les vecinas (fig. 13).

Ambos nicleos basolateral y corticome-
dial contribuyen a formar la estria medu-
lar y la estria terminal interconectdndolas
con los centros epitaldmicos e hipotaldmi-
cos (fig. 13).

En la escala filogenética primero hay
una migracién parcial de las células pe-
riventriculares que representar un com-
plejo amigdalino primario que estd le-
jos del ventriculo. Por lo tanto, las masas

and Blindness, the National Institutes of Health,

U. S. Public Health Service.
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que se forman secundariamente cambian
su posicion como resultado del aumento
de desarollo de otras éreas corticales y
estriadas. Este cambio o rotacién se lle-
va a cabo en dos direcciones: lateral a me-
dial y caudal a cefdlica. En la fig. 14 se
observa claramente la rotacién de los nuU-
cleos laterales, de la amigdala a una po-
sicién como se lleva a cabo en los rep-
tiles. En los mamiferos se observa la ro-
tacién a una posicién ventro lateral (aun-
que manteniendo su relacién ventricular).
La rotacién de las porciones corticales y
mediales de la amigdala se observa en
reptiles y mamiferos inferiores. En el hom-
bre se observa el cambio de la posicién
ventral o una mds dorsal.

Filogenéticamente hay una tendencia
del nidcleo basolateral de alargarse cau-
dalmente un poco hacia la masa princi-
pal del nicleo cértico medial, ademés en
formas superiores el complejo basolateral
aumenta-marcadamente en tamafo en re-
lacién al.cértico medial. La amigdala com-
pleta cambia de posicién facialmente y
rota con el crecimiento del polo temporal.
La relacién: del grupo basolateral con la
comisura anterior aparece para permane-
cer constante.

La armozén de las conexiones fibrosas
a través de la escala filogenética se esta-
blecen también y son constantes.

Los tipos celulares y las relaciones en-
tre las porciones cértico medial y basola-
teral, son también caracteristicas.

La diferenciacién anatémica que se ob-
serva en los mamiferos lo mismo que la
rotaciéon estén indudablemente asociados
a los cambios de otras dreas del cerebro
especialmente con las de la corteza. Aun-
que estas homologias son evidentes, es
también obvio que las funciones de los
nucleos del complejo amigdalino pueden
variar en relacién con el aumento o dis-
minucién en tamano, especialidad y com-
plejidad de las dreas corticales estriadas
y ofras regiones con las cuales estos nG-
cleos estdn interconectados.
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SUMMARY
H. N. Schnitzlein

The amygdala of the lamprey is re-
presented by a single amygdaloid mass
in the largely undifferentiated hemisphere.
In fish and amphibians, two divisions
of the amygdala, a corticomedial and a
basolateral, have been recognized. The
amygdala has undergone further differen-
tiation in reptiles and mammals and se-
parate lateral, basal, cortical and medial
nuclei (as well as an anterior amygdaloid
region, a central nucleus and, in some
reptiles and mammals, additional nuclei)
have been identified. The birds repre-
sent a highly specialized side branch of
the reptilian line and have not been
considered in this abbreviated presenta-
tion.

The lateral olfactory tract, arising from
the olfactory bulb and the accessory ol-
factory bulb (frequently with a synapse
in course in the gray along the ftract
or in the anterior amygdaloid area), ter-
minates largely in the cortical and the
medial nuclei of the amygdala (Fig. 13).
The basolateral complex is characteris-
tically interconnected with the contrala-
teral amygdala through the anterior
commissure (Fig. 13). It is also the basal
and the lateral nuclei that have the most
prominent interconnections with the over-
lying cortex and further differentiate and
increase in phylogeny with the increase
in the differentiation of these related cor-
tical (and striatal) areas (Fig. 13). Both
the basolateral and the corticomedial nu-
clei contribute to the stria medullaris and
to the stria terminalis, interconnecting
them with epithalamic and with hypo-
thalamic centers (Fig. 13).

In phylogeny, first there has been a
partial migration of the periventricular
cells representing a primordial amygda-
loid complex away from the ventricle.
The masses thus _formed secondarily shift
their position as the result of the increas-
ing development of other cortical anr or



striatal regions. This shift or rotation takes
place in two directions —lateral ‘o
medial, and caudal to rostral. Evident in
figure 14 is the rotation of the lateral
nucleus of the amygdala from a dorsal
position, as seen in the reptile, to a ven-
trolateral location (although maintaining
its ventricular relationship) in the mammal
and of the cortical and medial portions
of the amygdala of reptiles and lower
mammals from a ventral position to «
morse dorsal and medial location in man.
Phylogenetically, there is a tendency for
the basolateral nuclei to extend slightly
caudal to the main mass of the cortico-
medial nuclei. Moreover, in higher forms,
the basolateral complex is markedly in-
creased in size with reference to the cor-
ticomedial group. The entire amygdala
is shifted rostrally and rotates with the
growth of the temporal pole. The -rela-
tionship of the basolateral complex to the
anterior commissure appears fo remain
constant.

The framework of the fiber connec-
tions is consistent throughout phylogeny.
The cell types and the relationships are
also characteristic for the corticomedial
and the basolateral divisions. Anatomi-
cal differentiation within the mammalian
phylum and the rotation and the differ-
entiation observed are undoubtedly as-
sociated with the changes in other brain
centers, most particularly with those of
the neocortex.

Although these anatomical homologies
are evident, it is equally obvivos that
the functions of the nuclei of the amyg-
daloid complex will vary with the rela-
five increase or decrease in size and
especially in complexity of those cortical,
striatal, and other regions with which
these nuclei are interconnected.
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INTRODUCTION

It is the intent of this presentation to
summarize some of the anatomical ho-
mologies which have been recognized in
the amygdala of various vertebrates. It
is obviously impossible to include in this
brief presentation representatives of .all
of the vertebrate orders or to cite the
many investigators who have contributed
to our knowledge of the amygdaloid com-
plex. ;

Although general agreement on the
anatomical homologies of the  various
amygdaloid nuclei is lacking and the detai-
Is of the specific connections of the amyg-
daloid nuclei of the more differentiated
mammalian amygdalae are incompletely
known, certain anatomical considerations
indicate parallel evolutionary development
in the various vertebrate orders.

In order to establish nuclear and
fiber homologies, three criteria have been
used: 1) the location and the general re-
lations; 2) the histology and the cytology;
3) the connections, both afferent and ef-
ferent.

AMYGDALA OF FISHES
H. N. Schnitzlein

Those vertebrates which are usually
considered to be fish have developed
along several separate evolutionary lines.
These fish include the Cyclostomata,
the Chondrichthes, the Actinopterygii, the
Dipnoi, and the Coelacanthini. Obviously
then, great variation will occur in these
divergent fish. Only two will be repre-
sented in this presentation, the catfish,
a teleost, one of the actinopterygian fishes,
and Protopterus, a representative of
the dipnoan lungfish. The fteleosts, like
other actinopterygian fish, have solid hem-
ispheres. An area along the ventrola-
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teral portion of the hemisphere has
been recognized as a primordial amyg-
dala (Weston, 1937; Droogleever Fortuyn,
1961). This homology has been denied
by some (Cage, 1893; Holmgren, 1922;

Nieuwenhuys, 1962). Different nuclear
areas in the lateral portion of the te-
lencephalon have been pointed out by
others (Miller, 1940) who have not at-
tempted homologies.

In the catfish, the most rostral part of

the ventrolateral region of the telenceph-
alon is represented by an anterior amyg-
daloid area with the typical relations to
the lateral olfactory tract and to the pi-
riform cortex. More caudally, two nuclear
groups can be observed in the catfish,
a primordial corticomedial group (fig. 1A)
with smaller cells and with relations to
the lateral olfactory tract, and a larger-
celled portion, more intimately related to
the striatum, which has been called a
primordial basolateral amygdaloid com-
plex (Fig. 1A). The corticomedial group
diminishes in size caudally; the basolateral
portion increases in size at caudal levels.
The relationships of the primordial baso-
lateral amygdala to the primordial general
pallial area and to the primordial hip-
pocampal formation, which is along the
dorsomedial aspect of the telencephalon,
become evident at the caudal pole of the
hemisphere.

The corticomedial part of the amygdala
receives the lateral olfactory tract and its
neurons project into the strio medullaris
by way of a lateral corticohabenular tract
(Fig. 2A) and, through the stria terminalis
(Fig. 2A), into the anterior hypothalamic
and preoptic areas of the same side and
(through the anterior commissure) to these
areas on the apposite side. The basolateral
portion of the amygdala has true inter-
amygdaloid commissural fibers crossing
through the anterior commissure. The ba-
solateral amygdala also contributes to
the stria terminalis and: projects to the
habenula by way of the lateral cortico-
habenular component of the stria medul-
laris. The interamygdaloid fibers of the
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anterior commissure are differentially
stained in pyridine silver preparations and
pass ventral to the hippocampal com-
missure (Fig. 2A).

In the lungfish, Protopterus, also, a
small anterior amygdaloid area can be
recognized at the base of the primordial
piriform region. It has the typical rela-
tions to the lateral olfactory tract. This
fish has lateral telencephalic ventricles;
however, the olfactory bulbs are dorsally
situated (probably due to the enlarged
tuberculum olfactorium) and the relation-
ships of the amygdala are somewhat dis-
torted from the usual pattern. In Proto-
pterus, the corticomedial portion of the
amygdala (Fig. 1B) lies adjacent to the
ventricle, more ventral in position than
the larger-celled basolateral part (Fig.
1B), which is also periventricular but more
dorsally situated. The corticomedial group
is related to the primordial piriform re-
gion and to the anterior amygdaloid area.
The primordial basolateral amygdala is
related to the primordial general pallicl
region and, more caudally, to the pri-
mordial hippocampal formation. The peri-
ventricular position of the basolateral
group is more evident in caudal sections
where this group is larger and its rela-
fionship to the primordial hippocampal
formation becomes more evident.

The lateral olfactory tract arises from
olfactory bulb and from the accessory
olfactory bulb in the lungfish. A distinct
accessory olfactory bulb has not been
identified in the catfish. The lateral ol-
factory tract of the catfish terminates in
the primordial corticomedial nuclear group
and in the piriform region. In the lung-
fish, the lateral olfactory tract courses
ventrally around the hemisphere due to
the dorsal positioning of the olfactory
bulbs. This tract extends to the lateral
and intermediate olfactory  tubercular
areas; some fibers however, sweep off into
the amygdala. These pass through anterior
amygdaloid area into the corticomedial
group. Other fibers, probably those aris-
ing from the accessory olfactory bulb,



mdy terminate in the basolateral amyg-
dala or may course through it to the
corticomedial nuclear group.

A separate component of the anterior
commissure (Fig. 2B) interconnects the ba-
solateral nuclei of the two hemispheres
in Protopterus, as in the catfish (Fig. 2A)
and can be recognized by its differential
staining in pyridine silver preparations.
The stria terminalis arises from both the
corticomedial and the basolateral parts of
the amygdala in the lungfish and the
catfish and terminates in the ipsilateral
and contralateral preoptic and anterior hy-
pothalamic areas. The decussating com-
ponent of stria terminalis courses ventrally
in the anterior commissure of the catfish
(fig. 2A) and crosses more caudally than
the levels shown in figure 2B in the
African lungfish. The lateral corticohabe-
nular component of the stria medullaris
(Fig. 2B) may also be identified at le-
vels through the caudal part of the ante-
rior commissure in the lungfish as it arises
from both the primordial corticomedial
and the primordial basolateral nuclear
groups. This component of the stria ‘me-
dullaris sweeps out of the amygdala into
the diencephalon and is situated along
the lateral aspect of the stria medullaris
as it enters the habenula.

The amygdala of the fish, then, has
two major subdivisions: a primordial cor-
ticomedial and a primordial basolateral
portion recognizable by their position and
their relationships to other telencephalic
nuclei and particularly by their connec-
tions. In some fish, such as the catfish,
these areas have migrated into the la-
teral telencephalic wall; in other fish, such
as the African lungfish, Protopterus, they
are represented in the periventricular gray.

AMYGDALA OF AMPHIBIANS
H. H. Hoffman

Herrick (1921) described the amygdala
of Rana pipiens as ‘‘one of the most

clearly defined regions of the anurdn
brain’ but pointed out no subdivisions in
the area. Rothing (1926) emphasized the
relation of the amygdala to the ven-
tricle and illustrated the ventricular ridge
formed by it in Rana fusca. In the anu-
ran material available, as in tailed am-
phibians (Herrick, 1933), the amygdala is
gray which forms an eminence on the
ventricular wall. However, in anurans,
this gray can be further subdivided into
the two portions characteristic of many
vertebrate forms a corticomedial and a
basolateral subdivision (Hoffman, 1963,
1966a, 1966b; Howell and Hoffman,. ..
1966). The corticomedial subdivision in
anurans, which have a marked develop-
ment of the medial rather than the la-
teral hemisphere wall, is on the whole,
the more extensive part of the amygdala
and forms all of the ventricular eminence
rostrolly. Nevertheless, as nterior commis-
sure levels are approached (Figs. 3A, B,
and C), the basolateral subdivision, which
lies ventral and medial to the corticomedial
subdivision, becomes prominent and oc-
cupies a position betwen the medial part
of the corticomedial nuclear group and
the ventricular wall. In the brain of Xe-
nopus leavis, but less noticeably in those
of other tailless amphibians available for
study, in addition to these two main sub-
divisions, and perhaps to be allocated
to the corticomedial part, is a differen-
tiable mass of somewhat scattered cells.
This mass lies in relation to the fibers
of the lateral olfactory tract which is
regarded as an anterior amygdaloid area.

To be emphasized is the close relation-
ship of the corticomedial amygdaloid
group to the hippocampal formation at
commissural and postcommisural levels
(Figs. 3A, B, and C). The merging of the
piriform cortex with the basolateral part
of the amygdala, which is seen in many
vertebrates, is questionable in the avail-
able anuran material but striatal-amyg-
daloid continuity is established by scat-
tered nerve cells extending between the
two areas.
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Certain basic fiber connections of the
amygdaloid complex have been describ-
ed by Herrick (1921) in Rana pipiens,
by Réthing (1926) in Rana fusca, by Her-
rick (1933) in Necturus, and by Hoffman
(1963) in the Ranidae and in Bufo marinus.
These include components of the lateral
olfactory tract, of the stria medullaris, of
the stria terminalis (together with the
olfactory proyection tracts), and of the an-
terior commissure. Mentioned also are in-
terconnections of the amygdala with the
hippocampus and with the striatum.

The components of the lateral olfactory
tract to the amygdala arise from both
the olfactory formation and the accessory
olfactory bulb. In Pipa pipa there are three
clear cut portions of this lateral olfactory
tract of which the middle part arises
from the accessory olfactory bulb. This
material, then, provides information con-
cerning the distribution of the lateral ol-
factory tract. The fibers from the olfac-
tory formation distribute primarily, but
not exclusively, ta the corticomedial sub-
division of the amygdala and those from
the accessory olfactory bulb, primarily at
least, to the basolateral part.

The stria terminalis can be traced from
the corticomedial, and to a somewhat less
extent, from the basolateral subdivision
of the amygdala, (Figs. 4A and B.) to
the preoptic and anterior hypothalamic
areas of both sides. The contralaterally
distributing fibers cross in the anterior
commissure. The components of the stria
terminalis (and probably of the associa-
ted olfactory projection fracts) provide in-
terconnections between the amygdaloid
area and septal, preoptic and hypotha-
lamic regions.

The interamygdaloid component of the
anterior commissure is truly commissural,
interconnecting the basolateral subdivi-
sions of the two hemispheres (Figs. 4A
and B). This is a prominent feature of
the fiber connections in anurans and is
especially marked in Pipa pipa (Fig. 4A).

The so-called amygddlohabenular com-
ponent of the stria medullaris is part of

30

the lateral corticohabenular tract (Fig. 4A).
It seems quite probable that some of these
fibers may the commissural, interconnect-
ing piriform lobe and amygdaloid areas
of the opposite sides of the brain.

AMYGDALA OF REPTILES
H. N. Schnitzlein

In reptiles, there are corticomedial and
basolateral subdivisions of the amygdala,
as well as an anterior amygdaloid area
which may well be considered with. the
corticomedial group. These subdivisions
are differentiable into secondary nuclear
masses. Where, from general character,
position and connections, such masses ap-
pear to be comparable to the amygda-
loid nuclei of mammals, the mammalian
name has been used (as Johnston, 1923,
did) for the reptilian nuclear groups. Where
homologies have not been attempted,
letters (such as L and M, Fig. 5) have
been employed.

In the snake, as in various other rep-
tiles, the deep structures in the lateral
hemisphere wall bulge out into the late-
ral ventricle, forming a hypopallial emi-
nence (Elliot Smith, 1919) or a dorsal
ventricle ridge (Johnston, 1913, 1923).
This ridge divided by an oblique sulcus
into a rostral (or rostral part of the) and
a caudal (or caudal part of the) dorsal
ventricular ridge. The rostral part is form-
ed by a striatal mass; the caudal part
is an amygdaloid ridge.

The most conspicous element beneath the
amygdaloid ridge of the snake is an ovoid
mass (Figs. 5-7), the walls of which are
formed by deeply staining, closely arrang-
ed cells, with a central part, an essen-
tially acellular core, composed of fibers
which pass to and from the boundary
cells. Since this ovoid structure is set so-
mewhat obliquely to the transverse axis
of the area, rostralward the boundary
cells from an inverted "“U" (Fig. 5B) but
farther caudalward a more nearly com-



plete ovoid structure (Fig. 7), which ter-
minates most caudally in a cell mass.

The rostral and dorsal part of the ovoid
mass of cells in the amygdaloid ridge
constitutes a lateral amygdaloid nucleus
(Figs. 5-7). This nucleus has the two con-
nections which are considered to give it
special significance in various forms; that
is, (a) it is connected with the correspond-
ing amygdaloid area of the other side
of the brain by the inter amygdaloid
component of the anterior commissure (Fig.
6) and (b) it is also interconnected with
the piriform cortex by association fibers
and by merging gray (fig. 6). These con-
nections characterize the lateral nucleus
in mammals. In addition, the reptilian
lateral nucleus, like its mammalian homo-
logue, contributes to the stria terminalis
(fig. 6), making interconnections through
this system with septal, preoptic and hy-
pothalamic regions.

The basal nuclear complex (fig. 5B),
identified in the turtle by Johnston (1923)
and in the snake by Carey (1966) and by
Crosby et al. (1966), may well contain,
in the more scattered cells along its ven-
tral border, elements of the accessory ba-
sal nucleus. It receives fibers from the
lateral olfactory tract (probably from the
accessory olfactory bulb). The basal nu-
clear complex contributes fibers to the
stria terminalis and to the stria medul-
laris (fig. 6) and is related to the piriform
cortex by association fibers and cell strands
(Fig. 5B).

In addition to the lateral nucleus and
the basal nuclear group, there are se-
veral cell clusters represented in figure
5B by the letters “L" and "M which,
from their positions and connections, ap-
pear also to belong to the basolateral
complex. However, their homologies, if
such exist, are not known and they may
be strictly reptilian nuclear differentia-
tions.

The anterior amygdaloid area (Fig. 5A)
lies at the rostral end of the amygdala,
being merged with cells that accompany
the lateral olfactory tract in its course

caudalward through the hemisphere. It
probably receives and gives fibers to this
tract. It also merges with the nucleus of
the diagonal band of Broca and gives
to and/or receives fibers from this band.
Although it appeéars ventrally in our sna-
ke material, it swings medialward shor-
tly into the position typical for it in lower
mammals. A well-differentiated nucleus
of the lateral olfactory tract is not dem-
onstrable in the available material. Pos-
sibly, this is associated with the larger
size of the accessory olfactory bulb and
the reduced amount of olfactory in these
forms (Carey, 1966).

All the reptilian material consulted show-
ed a medial amygdaloid nucleus along
the ventromedial hemisphere wall. This
nucleus receives a very few lateral olfac-
tory fibers, but is characterized particu-
larly by its contributions to the stria me-
dullaris [lateral corticohabenular, caudal
part. (Fig. 7)] and to stria terminalis (Fig.
6). The lateral corticohabenular tract has
commissural fibers that cross in the ha-
benular commissure but interconnect hem-
isphere areas and, probably, has also
some fibers to the habenulae of both si-
des. The stria terminalis relates the medial
amygdaloid area with the septal areas
bilaterally and with preoptic and hypo-
thalamic centers on both sides of the
brain.

The cortical amygdaloid nucleus can be
identified at more caudal amygdaloid
areas as the ventral part of ‘the ovoid
cell mass which is close to the ventral
surface of the brain. Followed forward,
the boundary cells of the ovoid mass dis-
appear in part, leaving the very evident
inverted ‘U of the lateral nucleus and «
ventral band which continues forward as
a distinct and characteristic cortical nu-
cleus. The cortical nucleus receives a few
lateral olfactory tract fibers and contribu-
tes to the stria terminalis and to the cau-
dal part of the lateral corticohabenular
component of the stria medullaris. A cen-
tral amygdaloid nucleus, as identified by
Johnston (1923), is easily identifiable. Its
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specific connections are not sufficiently
clear in the available material to war-
rant homologies.

It is evident, then, that not only are
the major subdivisions —the corticome-
dial and the basolateral amygdaloid
groups— present in reptiles but that also
secondary nuclear differentiation has accur-
red within this framework that parallels
to a very considerable degree that seen
in mammals. This parallelism in pattern
suggests that such nuclear differentiation
occurred in a common ancestral type
(which has long since disappeared) and
has been handed down in the course of
phylogeny to both living reptiles and
mammals.

Lack of space prevenis consideration of
the avian amygadala. Avian forms are
still farther away than reptiles from the
main stream of evolutionary development.

THE AMYGDALOID COMPLEX OF THE
OPOSSUM

E. G. Hamel, Jr.

In the opossum, Didelphis virginiana, as
in many submammals, the amygdaloid
comiplex can be divided into basolateral
and corticomedial portions. The anterior
amygdaloid area may be allocated to the
latter part. The present terminology fol-
lows that established for the opossum by
Johnston (1923), Van der Sprenkel (1926),
(Loo (1931) and Volker and Hamel (1966).

In the rostral portion of the amygdaloid
complex, at the anterior commissure level,
the nucleus of the lateral olfactory tract
has reached its greatest extent and can be
separated into medial and lateral divisions
(Fig. 8A). The anterior amygdaloid areq,
which is the undifferentiated gray matter
dorsal to this nucleus, merges caudally
into the definitive amygdaloid nuclei. In
the midportion of the amygdaloid com-
plex (Fig. 8B) most of the other nuclei
are represented in their typical relation-
ships. The lateral nucleus is an area of
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larger cells bounded laterally by the ex-
ternal capsule and medially by the ba-
sal nucleus with smaller, more compactly
arranged cells. A small part of the basal
accessory nucleus is also present at this
level as are the cortical, medial and cen-
tral nuclei, which represent here the cor-
ticomedial portion of the complex. In the
caudal part of the amygdala, the lateral
ventricle forms a dorsal boundary (Fig.
8C). The lateral nucleus, somewhat redu-
ced in size, produces a small but obvious
ridge (suggestive of the reptilian amyg-
daloid ridge) in the floor of the ventricle.
The basal nucleus is smaller than it is
more rostrally and the basal accessory
nucleus extends partially across its caudal
aspect toward the medial wall. The central
nucleus decreases caudally and the medial
and the cortical nuclei retain their charac-
teristic positions. At the most caudal ex-
tent of the amygdala (Fig. 8D). a rela-
tionship of this area with the hippocampal
formation —but not its complete conti-
nuity— is established as the ventral tip
of the cornu ammonis turns laterally to-
ward the basolateral component of the
amygdala. Caudal to this plane, the gyrus
dentatus merges with the medial amyg-
daloid nucleus.

Projections from the amygdaloid nuclei
include fascicles to the stria terminalis, to
the stria medullaris and to the interamyg-
daloid component of the anterior commis-
sure. The stria medullaris (Fig. 9D) forms
a large bundle of myelinated fibers com-
posed chiefly of fibers from the cortical
and the medial amygdaloid nuc'ei to the
habenula. The stria terminalis (Fig. 9E),
originating from the basal, the lateral
and the basal accessory nuclei, as well
as from the cortical and the medial nu-
clei, projects rostrally following the ven-
tricular surface of the caudate nucleus.
These fibers of the stria interconnect the
septum, the preoptic region and the hypo-
thalamus of the same and opposite sides
of the brain with the amygdala. The in-
teramygdalar component of the anterior
commissure (Fig. 9A) consists of fibers



which project from the lateral nucleus of
one side to the corresponding nucleus of
the opposite side. This component pro-
bably carries also commissural connections
between the periamygdaloid piriform cor-
tices of the two sides.

The terminations of the lateral olfac-
tory tract (Fig. 9A) in the amygdaloid com-
plex can be demonstrated in Nauta ma-
terial. Lesions of the rostral part of the
olfactory bulb induced degeneration of
fibers in this lateral tract which can be
traced to the nucleus of this tract (Fig.
10A), and to the cortical (Fig. 10B) and
the medial (Fig. 10C) amygdaloid nuclei
as well as to the piriform cortex. By con-
trast, the destruction of the accessory ol-
factory bulb produces degeneration of
fibers of the lateral olfactory tract (Fig.
10D) to the lateral amygdaloid (Fig. 10F)
nucleus as well as to the piriform cortex
(Fig. 10E). A few degenerated fibers can
be followed to the cortical and the me-
dial nuclei.

Corticoamygdaloid projections are of
two types: (1) those from neopallial cortex
to lateral, basal and possibly basal ac-
cessory amygdaloid nuclei, and (2) those
from the piriform cortex (Fig. 9B), at
least, to the lateral amygdaloid nucleus
(Fig. 9C) and perhaps to other nuclear
groups. From evidence in the literature,
it seems quite certain that amygdalocortical
components are also present and that
these fascicles have, in general, the cha-
racter of association fibers.

THE CYTOARCHITECTURE OF THE
AMYGDALA

N. G. Ferrar

The amygdaloid nuclear complex has
been described in a variety of animals
(Herrick, 1921; Johnston, 1923; Crosby and
Humphrey, 1941; Brodal, 1947; and
Breathnach and Goldby, 1954). The fol-
lowing account is based on the study of
characteristic neurons of the amygdaloid
complex from representative teleosts (Ca-

rassius auratus), amphibians (Rana pi-
piens), reptiles (Graptemys), and mammals
(Hapale). The material was impregnated
with 0.75% silver nitrate using the Ra-
pid Golgi technique for fresh material and
the Golgi-Cox procedure for formalin-fix-
ed brains. The sections were cut at 80 mi-
crons. The locations of these cells and
certain cytological characteristics were sup-
plemented by material stained for Nissl
granules.

In the goldfish (Carassius auratus), the
impregnated cells of the basolateral amyg-
daloid group are of medium size with a
wide dendritic spread (Fig. 11A). The cell
bodies of such neurons are flask shaped
and the dendritic spines are numerous.
Niss| preparations through this subdivi-
sion of the amygdala show nerve cells
varying from large to medium size. The
Nissl granules in these nervs cells are me-
dium to small in size and concentrated
toward the surface of the cells.

The characteristic nerve cells (Fig. 11C)
in the basolateral amygdaloid subdivi-
sion of the amygdala of the frog (Rana
pipiens) are of medium size, but of a
characteristically double pyramidal shape.
Their dendritic spread is diffuse. Preter-
minal fibers of tracts entering the nucleus
can be seen approaching the dendrites
(arrow in Fig. 11C). Nissl preparations of
these cells reveal a variation in cell size,
with larger cells predominating. The Nissl
granules are dispersed through the cyto-
plasm of the calls with a tendency to
concentrate near the periphery.

In the turtle (Graptemys), the impreg-
nated nerve cells in the lateral amygda-
loid nucleus (Fig. 12A) are large and of
a double pyramidal shape comparable to
those of the basolateral amygdaloid re-
gion in the frog. Their dendritic spread is
wider, however, and many axons of cells,
with cell bodies located in other brain
regions, come into synaptic relation with
the dendrites and cell bodies of these cha-
racteristic neurons of the basolateral com-
plex (arrow in Fig. 12A). The Nissl granules
are more numerous with an increased ten-
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dency to collect at the surface of the
cell bodies.

In Golgi preparations, the double pyra-
midal type of nerve cells, with typically
widespread dendrites on which are nu-
merous spines, are easily demonstrable
(Fig. 12C) in the lateral nucleus of the
marmoset (Hapale). The synaptic relations
between the incoming axons of distally
located nerve cells and the dendrific pro-
cesses and cell bodies of the double pyra-
midal cells just described are clearly illus-
trated in figure 12C where both preter-
minal (arrow) and terminal (X) fibers can
be seen. In Nissl preparations of the la-
teral amygdaloid nucleus of the mar-
moset, there are closely arranged, relati-
vely small Nissl granules concentrated
near the periphery of the cell bodies.

In contrast to the larger cells (Fig. 11A)
characteristic of the basolateral subdivi-
sion of the amygdala of the goldfish are
the smaller, more nearly round nerve cells
(Fig. 11B) of the corticomedial subdivision
of the amygdala in this fish. The smaller
cells have a limited dendritic spread and
very few incomina fibers can be demon-
strated. The material stained for Nissl gra-
nules shows that these smaller cells have
small, densely arranged Nissl granules
concentrated toward the periphery of the
cell bodies.

The Golgi material of the corticomedial
nuclear group in the frog (Fig. 11D) de-
monstrates nerve cells with small spherical
cell bodies having limited dendritic
spread. There are relatively few dendritic
spines. The Nissl praparations bring out
deeply staining, small nerve cells with
small Nissl granules collected toward the
cell surface.

The medial amygdaloid of the turtle
has nerve cells with small, spherical cell
bodies (Fig. 12B) The dendritic spread
is very limited and the dendritic spines
are few. In the Nissl material, the com-
parable nerve cells show a peripheral
distribution of their small, densely arran-
ged Nissl granules.
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The impregnated cells of the medial
amygdaloid nucleus of the marmoset are
small and spherical, with scanty dendri-
tes having few denditric spines (Fig. 12 D).
In fact they are very like those nerve
cells demonstrated in the turtle. The Nissl
preparation shows the nerve cells of the
medial nucleus to be relatively small,
deeply stained and with peripherally ar-
ranged Nissl granules.

The differences in cellular character be-
tween the basolateral and the corticome-
dial nuclear groups in the various forms
studied suggest a specificity as well as a
continuity of structural pattern during phy-
logeny. It seems probable that the cha-
racteristic cell type of the basolateral
amygdaloid nuclear group reflects both
the striatal origin of this group and its
functional significance as a vicarious cor-
tex.
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ABBREVIATIONS

amyg.—amygdala

amyg. ant.—anterior amygdaloid nucleus

amyg. basal.—basal amygdaloid complex

amyg. basolat. — primordial basolateral
amygdaloid group

amyg. cort.—cortical amygdaloid nucleus

amyg. corticomed.—primordial corticome-
dial amygdaloid group

amyg. lat.—lateral amygdaloid nucleus

amyg. mied.—medial amygdaloid nucleus

area preop.—preoptic area

B - bosal amygdaloid nucleus

B A - basal accessory amygdaloid nucleus

C - cortical amygdaloid nucleus

C A - Ammon’'s horn

cap. ext—external capsule

cap. int—internal capsule

Ce - central amygdaloid nucleus

com. ant.—anterior commissure

com. ant. amyg. cmpt.—interamygdaloid
component of the anterior commissure
com. ant. sept. tub. cmpt.—septal and

tubercular components of the anterior
commissure
“com. ant. stria cmpt.—stria terminalis

component of the anterior commissure
com. ant. st. cmpt.—stria terminalis com-
ponent of the anterior commissure

com. hip.—hippocampal commissure

com. postop.—postoptic commissure

fib. ass.—association fibers

fimb.—fimbria

F. R.—rhinal fissure

G. D.—dentate gyrus

gen. pal.—primordial general pallium

hab.—habenula

hip.—hippocampus

L - lateral amygdaloid nucleus

I. f. b.—lateral forebrain bundle

lat. cort. hab. cmpt. st. med.—lateral
corticohabenular tract

M. - medial amygdaloid nucleus

N. basolat—basolateral nuclear
of the amygdala

N. caud.—caudate nucleus

N. cort.—cortical amygdaloid nucleus

N. corticomed — corticomedial nuclear
group of the amygdala

N. med.—medial amygdaloid nucleus

N. lat.—lateral amygdaloid nucleus

N. tr. olf. lat.—nucleus of the lateral

olfactory tract

nuc. sept. med.—medial septal nucleus

nuc. preop.—preoptic nucleus

pir—primordial piriform lobe

prim. hip.—primordial hippocampal for-
mation

prim. pal. dors.—primordial dorsal pal-
lium

prim. pir.—primordial piriform lobe

pyr.—piriform cortex

stria med.—stria medullaris

stria term.—stria terminalis

striat.—striatum

st. term.—stria terminalis

tub. olf. lat—lateral part of the olfac-
tory tubercle

tr. cort. hab. lat. p. caud.—caudal part
of the lateral corticohabenular tract

tr. cort. hab. lat. p. rost.—rostral part
of the lateral corticohabenular tract

tr. olf. lat.—lateral olfactory tract

tr. op.—optic fract

tr. preop. hab. med.—medial preoptico-
habenular tract

tr. preop. hab. lat.—lateral preopticoha-
benular tract

X - terminal synapse

group
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Fig. TA.

Tranverse section through the telencephalon of
catfish (Thionin stain).

Fig. 1B.

Transverse section through the telencephalon of
Protopterus (Thionin stain).
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Fig. 2A.

Tranverse section through the telencephalon of a
catfish (Pyridine silver preparation).

Fig. 2B.

Transverse section through the telecephalon of Pro-
topterus (Pyridine silver preparation).
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Fig. 3A.

Transverse section through

level of the brain of the
Pipa pipa (Thionin stain).
Fig. 3B.

Transverse section through

level of the brain of the
(Thionin stain).

Fig. 3C.

Transverse section through
terior commissure level) of
pus leavis (Thionin stain).
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Fig. 4A.

Pyridine silver preparation of a transverse section
through the anterior commissure of the brain of
the aguatic (Surinam) toad, Pipa pipa.

Fig. 4B.

Pyridine silver preparation of a transverse section
through the anterior commissure of the brain of
the bullfrog, Rana catesbiana.
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Fig. 5A.

Photomicrograph of a transverse section of the tel-
encephalon of the rat snake at the level of the
rostral part of the anterior commissure (Thionin
stain).

Fig. 5B.

Transverse section of the telencephalon of the rat
snake caudal to the anterior commissure (Thicni=
stain).
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Fig. 6

Drawing of a transverse section through the te
lencephalon at the level of the caudal part of the
anterior commissure of the rat snake. (Pyridine
silver preparation).
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Fig.. .7.

Drawing of a transverse section through the caudal
telencephalon of the rat snake (Pyridine silver pre-
paration).
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Fig. 8.

Cross. sections through the amygdaloid complex
of the opossum, drawn from Nissl preparations 25X.
A) At the level of the anterior commissure, B)
through the middle of hte amygdala, C) through the
caudal third of the amygdala, D) at the most cau-
dal part of the amygdala. Each drawing is made
from the photographic insert.
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Fig. 9.

A) Cross section of the opossum brain at the level
of the anterior commissure. Weigert preparations
25X. B) Degenerated fibers in the piriform cortex
of the opossum. Marchi preparations 350X. C) De-
generated fibers in the external capsule and lateral
amygdaloid nucleus. Marchi preparations 350X. D)
Cross section through the opossum brain at the level
of the stria medullaris. Weigert preparation 25X.
E) Cross section of the opossum brain at the level
of the origin of the stria terminalis. Weigert pre-
paration 25X.
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Fig. 10.

Photomicrographs of Nauta preparations after lesions
of the olfactory bulb (A, B, C) and of the acces-
sory olfactory bulb (D, E, F) 450X.






Fig. 11A.

High power photomicrograph of a nerve cell body
in the basolateral nuclear group of the amygdala
of the goldfish. (Golgi)

Fig. 11B.

High power photomicrograph of the nerve cell body
in the corticomedial nuclear group of the amygdala
of the goldfish. (Golgi) «

Fig. 11C.

High power photomicrograph of the nerve cell body.
Basolateral amygdaloid nuclear group of the frag.
(Golgi)

Fig. 11D.

High power photomicrograph of a nerve cell body.
Corticomedial nuclear group of the frog. (Golgi)

Fig. 11E

Transverse section through the amygdala of the
goldfish. (Thionin)

Fig. 11F.

Transverse section through the amygdala of the
frog. (Thionin)
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Fig. 12A.

High power photomicrograph of a nerve cell body
in the lateral amygdaloid nucleus of the turtle.
(Golgi)

Fig. 12B.

High power photomicrograph of a nerve cell body
in the medial amygdaloid nucleus of the tur-
tle. (Golgi)
Fig. 12€.

High power photomicrograph of a nerve cell body
in the lateral amygdaloid nucleus of the mar-
moset. (Golgi)

Fig. 12D.

High power photomicrograph of a nerve cell body
in the medial amygdaloid nucleus of the mar-
moset. (Golgi)

Fig. 12E.

Transverse section through the amygdala of the
turtle. (Thionin)

Fig. 12F.

Transverse section through the amygdala of the
marmoset. (Thionin)
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Fig 13.

Schematic diagram illustrating the phylogenetic pat-
tern of the fiber connections of the amygdala.
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Fig. 14.

Schematic diagram illustrating the telencephalic re-
lationships of the amygdala by transverse sections
through the hemispheres of representative verte-
brates.
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Higher sex centres in newborn male mice

E. Odette Hagen
Department of Anatomy
University of Alberta
Edmonton, Alberta
Canada.

RESUMEN

Este trabajo versa sobre las experien-
cias hechas para establecer el tiempo
de diferenciacién de los centros sexuales
superiores en ratones machos recién na-
cidos, de cepa C57/6J. El presente re-
sultado indica que los centros sexuales
superiores estimulan la gldndula pitui-
taria continua o intermitentemente, ya sea
para establecer un patrén femenino o
masculino, de produccién hormonal, re-
sultando de esto la formacién continua
de espermatozoides en el macho o los

cambios ciclicos que se observan en el
aparato reproductor de la hembra.

En estos experimentos se hizo una prue-
ba pra influenciar los centros sexuales
superiores de los ratones machos antes
de la diferenciacién, castrdndolos a tiem-
po variable después del nacimiento. El
estado subsecuente de los centros sexuales
superiores, fue investigado observando su
efecto a través de la pituitaria en ovarios
que fueron implantados a estos ratones.
Dichos ovarios se estudiaron observando
su efecto en vaginas también implanta-
das. Se hicieron exdmenes diarios de las
células descamadas de la vagina. En el
adulto, hembra normal, la descamacién
de las células epiteliales cornificadas 2n
el exudado vaginal es intermitente y coin-
cide con la ovulacién y la fase estrogé-
nica. Después las células cornificadas des-

64

Arch. Méx. Anat. N9 26.

aparecen, reapareciendo la mucosa y los
leucocitos. La variacién ciclica, en conse-
cuencia, demuestra que en el ovario se lle-
van a cabo cambios ciclicos y la ausen-
cia de dichos cambios sugiere que la
produccién ciclica de hormonas no se lleve
a cabo.

En conclusién, se espera asegurar que la
castracién temprana si pueda afectar la di-
ferenciacién de los centros sexuales supe-
riores en el ratén macho y también que
la implantacién de ovarios tempranamen-
te, podia causar feminizacién de los cen-
fros sexuales superiores.

SUMMARY

This paper is a report of experiments
performed to establish the time of differ-
entation of the higher sex centres in new-
born male mice of the C57/6J strain.
The present view is that the higher sex
centres stimulate the pituitary in either a
confinuous or an intermittent manner to
establish either a male or a female pat-
tern of hormone production resulting ei-
ther in the continous production of sper-
matozoa in the male or in the cyclic
changes in the female reproductive sys-
fem. In these experiments an attempt
was made to influence the higher sex
centres in male mice before differentiation
by castrating them at varying times after



birth. The subsequent state of the higher
sex centres was investigated by observing
their effect through the pituitary on im-
planted ovaries. The ovaries in turn were
studied by observing their effect on va-
ginas implanted into the male mice by
daily examination of the exfoliated cells
from the vaginas. In the normal adult fe-
male mouse there is an intermittent des-
quamiation of cornified epithelial cells in
the exudate from the vagina, coincident
with estrus and ovulation. At diestrus the
cornified cells disappear, and mucus and
leucocytes reappear. This cyclic variation,
the estrus cycle, therefore reflects cyclic
changes in the ovary, and its absence
suggests that cyclic production of hor-
mones is not occurring. By these means,
then, it was hoped to ascertain whether
early castration could affect the differen-
tiation of the higher sex centres in the
male mouse, and also if the implanta-
tion of ovaries early in life could cause
feminization of the higher sex centres.

Firstly, it was confirmed that in these
mice an ovary implanted into a castrated
female mouse functioned normally and
produced regular estrous cycling. Next,
the correlation between the exfoliated cells
of an implanted vagina and a nor-
mal vagina with the cycling of a single
ovary was confirmed (Fig. 1). An increase
in the number of cornified cells ap-
peared at intervals of a few days in an
implanted vagina on the same day or
the day following their appearance in
the host vagina. The cornified cells were
recorded as O (no cornified cells), | (very
few), 2 (a moderate number), or 3 (a
large number). Cornified cells persisted
longer in the vaginal implants than in the
host vagina, but nevertheless there was
a definite cyclic variation. If the host
vagina underwent a period of anestrus
or constant estrus, then the implant show-
ed a corresponding reduction or increase
in the number of cornified cells. It is there-
fore confirmed that the implanted vagina
reflects ovarian cycling but not so
accurately as the host's own vagina.

32 male mice were castrated at known
times from four days after birth up to
18 months after birth. At the time of
operation they received one ovary from
a sibling subcutaneously on their anterior
abdominal wall. When the female siblings
were mature their vaginas were implant-
ed into the male mice and daily smears
were taken start about ten days later.
After a few days a definite pattern be-
came obvious. There were nearly always
leucocytes present, and in most cases a
large number of cornified cells were con-
stantly present (Fig. 2 and Plate 1). The ani-
mals were killed when the vaginal exfo-
liation pattern was well established about
a month later. This is a pattern sometimes
referred to as constant estrus. At post-
mortem the vagina was heavily corn-
ified (Plate Il). The implanted ovary was
larger htan a normal ovary, with cysts
which were often hemorrhagic to the na-
ked eye (Plate Ill). Histological examina-
tion revealed large cystic follicles of vary-
ing sizes, and interstitial tissue. No corpora
lutea were ever seen. This experiment es-
tablished firstly that mice castrated 4 or
more days after birth all behaved in a simi-
lar fashion on ovarian and vaginal implan-
tation and developed persistent vaginal
cornification. Secondly, after three days
after birth the time of castration of male
mice has no relation to the future pat-
tern of sex hormone production by the
pituitary, which was a constant pattern of
hormone production, and thirdly, ovarian
implantation in these mice is performed
easily and the graft is functional, but
does not function in the same manner
as in the female.

13 male mice were castrated at known
times up to three days after birth. Two of
these received successful ovarian implants
at that time. Five had unsuccessful ovarian
implants at the time of castration but were
re-implanted with ovaries at three months.
Six more received ovarian implants at
two months. All received vaginal implants
at two months. Cornification occurred in
the vaginal smears, but at a lower level
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than in mice castrated four or more days
after birth (Fig. 3 and Plate V). The vagi-
nal implants were less cornified (Plate V)
and there were areas where there were
mucous cells (Plate VI). The ovaries were
small with occasional large hemorrhagic
follicles (Plate VII). Interstitial tissue was
present. There was luteinisation at the edge
of some of the follicles which was not seen
in the mice castrated 4 or more days after
birth (Plate VIII). No corpora lutea were
ever seen. The time at which the ovary
was implanted did not seem to affect
the subsequent behaviour of the mice
whereas the times of castration appeared
critical. There was never any evidence
of owvulation, but the ovaries appeared
to produce estrogen, as reflected by the
daily vaginal smears, to a less degree
than in those mice castrated 4 or more
days after birth.

After this work was begun, Yasaki' re-
ported that he implanted ovaries info new-
born castrated male rats. He considered
that implanted vaginas in close proximity
to the ovaries reflected cyclic changes in
the ovaries in some cases. He concluded
that the hypothalamic centres in male rats
were not differentiated fully until 3 days
after birth. Up to this time the future male
pattern of hormone production could be
converted into the female pattern by repla-
cing the testes wiht an ovary. The experi-
ments reported here have not managed
to confirm this for mice.

Harris and Levine® have reported recent-
ly on related work in rats. They gave
estradiol to male rats when four days
old and found that the subsequent male
pattern of behaviour became disrupted.
They felt that the estradiol affected the
developing testes so that a partial physiol-
ogical castration occurred. They found little
evidence that female cyclic pattern in males
treated with estrogen at four days of life.
They concluded that newborn rats possess
o sexually undifferentiated brain. During
development the higher sex centres become
organised in the female or male pattern
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depending on whether the male sex hor-
mone is present or absent.

In the experiments reported here the
presence of a constantly heavily cornified
smear, and the results of postmortem
examination suggest that ovaries implant-
ed into male mice castrated four or more
days after birth are subject to stimulation
to produce estrogen at a constant rate
and not in an intermittent manner as in
the female. The future male pattern of
constant hormone production is therefore,
firmly established by four days after birth.
In mice castrated up to three days after
birth there is apparently a lower level
of estrogen production on subsequent ova-
rian implantation. It is concluded that
in mice castrated shortly after birth and
which received an ovarian implant the male
pattern of hormone production develops
but to a lesser degree than in mice cas-
trated when older. So far, no vaginal cy-
cling has taken place in any of the mice
castrated just after birth.

In the male, then, at the time of birth,
testicular secretion has been present long
enough to start the differentiation towards
the male type of higher sex centre and
to prevent the development of the ability
to stimulate the greater FSH production
of the female. The removal of the testes
between birth and three days after birth
can only stop further differentiation. By
4 days after birth differentiation is com-
plete so removal of the testes after that
time can have no effect. The substitution
of the testes by an ovary after birth does
not influence the higher sex centres which
already have been under the influence of
testicular secretion.

The conclusions are firstly that the higher
sex centres are differentiated at birth
to such a degree so as to make it impos-
sible to convert them into the female type
of higher sex centre. Secondly, removal
of the ftestes, in the first few days after
birth, results in a less positive pattern
of hormone production than in mice cas-
trated at a later date. Thirdly, by four
days after birth, the relationship between



the higher sex centres, the pituitary and
the gonad is firmly established in the
male pattern in male mice. Therefore, References:
iah . -
the hlg er sex centres in male mice are 1 Yasaki, 1., Annot. Zool. Japon. 33: 217. 1960.

not differentiated completely until four 2 Haris, G. W. and S. Levine. J. Physiol. 181: 379.
days after birth in these C57 Black mice. 1965.
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Smear from vagina implanted into a male
mouse which was castrated and received an
ovarian implant more than three days after
birth, showing heavy cornification of epithelial
cells. Hematoxylin and Eosin X 365.

Vaginal implant from male mouse which was
castrated and received an ovarian implant
more tnan three days after birth, showing
heavy cornification and thick epithelium. Hand
and intestitial tissue. Hand E X 58.

Ovary from male mouse which was castrated
and received an ovarian implant more than
three days after birth, showing cystic follicles,
and interstitial tissue. H and E X 58.

Smear from vagina implanted into a male
mouse which was castrated and received an
ovarian implant less than three days after
birth, showing some cornified cells, some non-
cornified epithelial cells, and many leucocytes.
Hand E X 365.






VI.

VIl .

VI

Vaginal implant from male mouse which was
castrated less than three days after birth and
received an ovarian implant at 2 months of
age, showing cornification, but thinner epiihe-
lium than in Il, Hand E X 365.

A different area of section used in V, show-
ing mucification. of outer layers of vaginal
epithelium. Hand E X 365.

Ovary from male mouse which was cas-
trated less than three days after birth and
received an ovary at 3 months, showing one
follicle and interstitial tissue. Notz small size
of ovary. Hand E X 58.

Ovary from male mouse which was castrated
less than three days after birth and received
an ovary at two monihs, showing the edge
of a follicle which is partially luteinised

Hand E X 365.
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Figure 2. Figure 3.
Vaginal smears from male mice which were castrat- Vaginal smears from mice castrated up to three
ed and received ovarian implants four or more days after birth which received ovarian implants
days after birth and received ovarian implants at at that time, three months later or two months

a later date. later. Vaginas implanted at two months.
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