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Atkinkc7  
The main object of this . work has been to study the basal 

rhinencenhelic structures of a macrossatic rodent•Wocaeter.  
corops) which had not been investigated previously. It has 
included.a study, using the method of experimental degeneration,' 
or secondary olfactory connexions, and.some preliminary 
observations on the'distribution of chollheisterase. 

So far as cytoarchitectUre,18 concerned, the olfactory bulb 
is essentially identical with that of other macrosmatie mammal!' 

such as the rat, Secondary olfactory Centres, defined as thOse 
regions whIchreceive fibres originating in the‘main.nnd 

aCcessory.bulbe, are.also or the'usual pattern. • They include 
the anterior olfactory nucleus„ the olfactory tUbercle -  the 
frontal and tempOral piriform cortex, the nucleus of the lateral 
olfactory traCt'And the cortical aMygdalopinucleus.“ The 
entorhinal,.!res ie well developed but .differs from the pale0-, 
cortical areas in the Cbsence of seCondary•connexions from the 

bulb and in its more complex  and very characteristic 

cytoarchitectural lamination. 

The septum .is well developedmidfits'major subklivirs ons 
can easily be recognised, but.itvouldno4kbe.pOssib4 to justify, 
on the basis of the present material, a sub-division  into as 
many different nuclei as those identified bysome,inveatigators. 

The .amygdala is also well developed and a detailed study has 

been undertaken due to the growing interest in the "limbic 

system* of which the amygdala it a part. 

The distribution of cholinesterase in the brain indicates a 
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general similarity between the coypu 	other rodents and the 

interesting preliminary observations in the experimental specimen 

establish a case for more extensive study. 

Lesions limited to the bulb, with or without involving the 

accessory bulb, lead to degeneration in the lateral olfactory 

tract only and is distributed to the secondary olfactory centres 

defined above. No fibres could be traced to the septum 

hippocampal formation, entorhinal area and the greater pa of 

the amygdala. Unequivocal degeneration in the olfactory 

commissural component is found only when the anterior olfactory 

nucleus is involved in the lesion, unless this component or 

the anterior commlesure is damaged directly. The experim 

also suggest that bulbo-petal fibres arise from the basal areas 

of the brain as well as from the opposite anterior olfactory 

nucleus. There is definite reciprocal relationship between 

the amygdala and the hypothalamus which would appear to be of 

greater functional significance than the very scanty secondary 

olfactory connexions. (Conclusions are based mainly on 

Nauta-Gygax (X954) P ePeration4 

The use of the term rhinencephalon" is discussed 

critically and the suggestion is given to sub-divide the 

structures previously included under this comprehensive term 

Into a strictly "olfactory system" and a "limbic system" which 

is concerned mainly with visceral and behavioural mechanisms. 
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INTnpupTice  

Recently considerable attention has been directed to the 

srhinencephalon", and it has been carefully reviewed in the 

light of modern technical methods of investigation (see 

Gastaut 6 Lammers, 1961; argmann & achade 1963). The 

concept of . a rhinencephalon was largely based on the accounts 
of early investigators who had to rely for their conclusions 

on macroscopic observations and the examination of. 171eigert or 

Nisei sections of normal material and occasionally Marchl 

preparations. The limitations of these methods are now 
widely recognised. The concept owed such to comparative 

neuroanatosical studies and the realisation that in primitive 

vertebrates such as cyclostomes, the fore.-brain has a 

Tmlmary relationship with olftctory function and at that 

evolutionary level the terms "rhinencephelon" and 

"prosencephalon" are almost interchangeable. It was of course 

recognised that in the more advanced vertebr tea the fore-brain 

had taken on many other functions (the process of 

"prosenoephalisation"), particularly in mammale, and that in 
some, e.g. man, olfaction played a relatively insignificant 

pert so that they could be described as "Microsmatic". 

nowever the term rhinencephalon has been retained for a complex 

of structures including not only those in the basal part of 

the hemisphere, such as the piriform cortex and olfactory 

tubercle, which have direct connexions with the olfactory bulb, 

but also the aaygdala, the hippocampus and fornix together with 

certain related parts of the telencephalon and diencephalon. 
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Recently the absence of well established direct olfactory 

connexions with many parte of the rhinencephalon has been 

emphasised (see Goldby, 1961) and for example, the mammalian 

hippocampus end its related structures ere no longer accepted 

as mainly olfactory in function (Brodel, 1947). There is 

also doubt whether the greater pert of the amygdaloia complex 

can be concerned direct1y with smell (Sreathnachik Goldby, 1954). 

In view of these uncertainties, it was decided to investigate, 

the olfactory connexions in a macrosmatte mammalian brain 

using a silver staining method (the Nauta technique) which shows 

both axonal and preterminal degeneration as well as the 

classical Marchi method, The need for careful study of such 

structures as the azygdala has become more apparent ming to 

the widespread and growing interest in the "limbic system 

an illakiefined term often used,  as synonymous with the 

rhinencephalon", of which the amygdele is a parte This 

limbic system appears to be concerned with visceral and 

behaviourial mechanisms, particularly those associated with 

the expression of emotional states, and possibly with memory 

and sexual functions (see Paves, 1937; and more recently 

MacLean, 1954). 

For our' research we chose. t e co pu rat (garoca tor corpus) 

a semi-aquatic rodent (some details of the natural history of 

the coypu are contained in * thesis recently published from 

this School - "tacker, 1964), Until recently it has not been 

used in the laboratory for animal experimentation although, due 

to its availability and reasonable size, interest has been 
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a use as en experimental animal (Butterworth, 

Shillito, Spencer & Stewart 1962). The olfactory bulbs and 

the rhinencephalic structures generally are well developed 

(Fig.1 2) so that the animal can be classed as "macrosmatio". 

The present work is limited however to the 'basal 

rhinencephalic structures of the telencepholon (the olfactory  

babe  peduncle, piriform cortical area and olfactory tubercle, 
amygdalat  septum and entorhinal area) and its general purpose 

can be summarised as follows: 

(1) To study the basal rhinencephalic structures in an animal 

not previously investigated from this point of view by 

the classical . neurohistoletglcal methods 

To report some preliminary obse 
distribution of acetylcholine* 
structures, 

(iii) To study the secondary olfactory connexions at the olfactory 
bulb and those of the anterior olfactory nucleus using 

the method of experimental degeneration. 



is 
31 adult coypus were used in this investigation, 5 for 

N.B. Details of routine procedures, o 
are in Appendices I and II. 

Leal 

the study of the normal brain, 2 as controls for certain 

staining techniques. and 24 for making experimental lesions 

the olfactory bulb and other parts of the rhinencephalon. 

The weights of the animals ranged from 1.60 kg. to 6,75  kg., 

so that 811 Were lounge probably between 3 and 9 months of 
age. 'Roth mnles and females were used without distinction. 

They had all been caught in the wild and appeared healthy and 

no sign or ill...health developed in the animal house or during 

period of the experiments 

Torna term . 
whole brains 	available and were used for 

C4COple observations. The following series of sect :.)ne 

were also revered for microscopic study; in all cases 

as by perfusion through the aorta with 10% formalin, 

(i) A transverse series of 30 it cello din sections through 

the whol ore-brain. Every 10th section was stained 

with toluidine blue tor cells and the section immediately 

following it with Loris heematoxylin for myelinated fibres. 

(ii) A sagittal series of the whole hemisphere stained 
similarly to the above series. 
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(iii) A horiz tai series stained in a eitailar 	ncr a the 

above mentioned  

(iv) A nutber of sec ens were also out from s 	blocks 

(Fig 19, p4 57). usually in paraffin, for the study of 

special features, e.g. the histological features of parts 

Of the cortex. wh Oh were cut in en uneatiafnetory plane 

in the main series. 

Two complete 1011 series (tranavoroe end sa t 
	of the 

whole olfactory bulb and peduncle pare cut in paraffin and 

stained mainly by toluidine blue. A few sections were 

stained by Holmes silver method. 

(vi) Pram one normal brain Naute sections were prepared from 

all the, regions relevant to this thesis to serve as 

controls for the experimental specimens. 

A series of transverse sections of the whole brain. 

6040 µ thick and ran apart, were stained by Koellels 

histoohemical technique on frozen sections using Lewis 

(1961) modification. One albino rat brain was also 

stained by this method for comparison with the coypu. 

verimenta2 aatepia]  

All operations were performed der ether enaaothesio 

and with full aseptic precautions (for details see Appendix I). 

No sepsis nor unplanned deaths oocurred during the post 

operative period in any animal. Complete or incomplete 

destruction of the olfactory bulb was effectet:: with an 

iridectoay knife, meibomian cyst scoop, thermo-cautery, or by 



suction. in general the leeks s fallntegroups: 

1) complete or incomplete lesions or the olfnctory 

bulb and accessory olfactory bulb 
	

8 epeoimens 

ii) lesions involving anterior olfector 

- nucleus 	:•. *0! 0,0 11 specimens 

iii) lesions 
	te ler commis:mos 

	5 specimens 

Det Ile of the charrcter of the lesion will be given when 

describing the actual specimens. 

Degeneration resulting from the 1es .ons ryas studied by the 

al discussion 

of the criteria used in assessing degeneration trill be found 

an pp. 128-1390 Hers it can be said that the Warchi 

technique was found to be far less satisfactory than the NautD 

and was used only for two specimens with survival periods or 

three and four weeks respectively. In all 22 specimens were 

studied by the Haute method for which urvival periods varying.  

between 7 and 58 days were used: 

ilarchi and tlauta..Gyges (1954) aethods• 
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ed 

J33 NA  SAC latTP,9?  
IR VOIlf9L9IT 

len" has been uded both in the title 

and introduction o 	heels* it means of course "smell 

brain" but to err ve st a more precise definition in 

morphological terms is difficult although the lmportiu c of 

doing so has been emphasised in a recent publication (Brodal, 
1963). When one reads in a recent text-book (gIllot 1963) 

that the rhinencephalon is a 'functional fabric diffuse, end 

interwoven with other structures into which its extensions 

finally merge' it seems doubtful if a precise morphological 

definition is even possible*  nevertheless the term is used 

in nearly all neuroanatomioal texts and usually as a synonym 

for Brea s liable lobe (see Crosby, Humphrey & Laler 1962). 
The unsatisfactory nature of both terms is perhaps indicated 

by the fact that neither appears in the index of the classical 

"Comparatiwee Anatomy of the Nervous System" published in 

1936 (gapers,HUber a Crosby), 

Historically Owen (1868) SS 
.he term in a neuroanatonicsi sense and he 

the olfactory bulb end its peduncle, no clonal red the 
olfesctory bulb as a 'primary vesicle of the brain because in 
mast necromantic mammals the lateral ventricle is continued 

into its and so together with the olfactory Grua it has all 

the essential features of a primary encephalic division, 

Turner (1890) extended its use to include a "imbue hippocampl", 

o have be 



whole banal obe of the  ere di 1 to the rhinol 

Is um. This corresponds to the pir arm lobe of many 

►athors (e.g.0 allot Smith 1895) but it la not clear how much 

of the hippooempal formation proper (dentate gyms, Ammon's horn 

and rilibria) Turner included in hie "hippocampal lobe" 

Earlier, Broca (1878) had desoribed a great limbic lobe" 

present in all males, to which he ascribed a general olfactory 

function 	This surrounds the hllum of the hemisphere and 

consists of the supracallosal gyres continuous behind the 

splenium with the hipp000mpal gyrus and unous Broca's lobe of 

the hippoeampus)i 	uncus receives the external olfactory 

tract of modern terminology, and the circuit round the hilum 

is completed by a medial olfactory root to the porolfactory 

area (septum) and anterior extremity or the supra-oollosal gyruo, 

Klliot Smith (1895) in defining chat he called the "true limbic 

lobe" excluded the supra-callosal gyrun which he aseigned to 

the neopalliume 	retained however the hippocampal vestiges 

in this situation, As a result the ham is now completely 

surrounded ietinct and well..deflned ring of gray matter, 

p y►logeneticelly the more ancient part of the cortex oerebri 

completed anteriorly by the precommissural and eeptal areas 

that connect the anterior extremity of the hippocanpue and 

the piriform lobe. Elliot Smith considered that the true 

liable lobe is the only part of the hemisphere which is 

intimately associated with olfaction and that it la synonymous 

with Turner's "rhinencephalon". Modern authors on the other 

The 



hand have t conception 	to 

71418. 

The foram as a continuation of 	imbria, le th 

ous macroscopic fibre tract of the r ihencephalon•  
e it can easily be traced to thesammillary body, wh 
ur connected by a large column of Vicq WAsyr 

include the °insulate (supra., 

thalamicant rior~ 	nuclei, these par 
	

he thalamus and 

hypothalamas came to be included in the rhinencephalon by many 
authors. When, later, microscopical observations indicated 

that the atria medullaris had many connexions with the so-called 

"medial olfactory area" (see Crosby, Hump ray* Lauer 

p.271, for references) the epithalamus (hmbenular 	 ;lie  
wee also included, The maximum extent of this complex of 

inencephalic structures was illustrated by Allen (1940) and 

as adopted by Pulton in his well known *physiology sf the 

ervous System° (1943) (see Pig. 1). lip more recent 

publioations, descriptions of, the anterior thalamic nuclei and 

the mamailla bodies are usually omitted from accounts of the 

r inencephalon although their connexions with the hippocampus 

and cingulate cortex are of course mentioned* The epithalamus 

(habanula) is usually re 
	

(see rny Anatomy, 1962, 

33rd edition) 

Microccopic observatir ns hate naturally edd 

detail to our knowledge or the rhinencephallo structures, 

The differentiation for example, of an anterior olfactory 

nucleus in the peduncle by Herrick (1924)1 the division of the 
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FIG. 77. A diagram of the principal connections of the olfactory system and rhinen-
cephalon(W. F. Allen, Amer. I. Physiol., 1940, 128, 767). 

Fig. 1. A. diagram of the extensive olfactory system as 
illustrated by Allen (1940) and adopted by Fulton and many 

others. .(Reproduced from Fulton's .Ph Biology of the Nervous 

System, 2nd ed., 1943.) 



pirifarm co 

latter being the 

16 

erior and posterior parte the 

nag c rtes or area 	of Brodmann 

the recognitian of a large number of nuclei in the parolfac ory 

and amygdalold regions; and many detail° of fibre connexions*  

This accumulation of descripttve detail has not made the 

problem of a general definition any easier especially as the 

and 

merging with other structures, quoted the begi 

section, seas about the best that can be given, It has :Oleo 

been sugge 	that the term rhineneephalon has outlived any 

usefulness it y once have had and should be abandoned 

(Ooldby, 1961; Brodal 1963; but see also so taut & Lammers, 

1961)* This suggestion will be referred to again 

discussion*. 

must be stated here that the e ent s to 

parts 	this ex 

factory 

ere to it 

be traced directly, an 

them, that pa icipation in olfactory Zinction Is almost ee 

The latter mist of the septal region 
	h. entorhinal area. 

The hippocampal formation and some other parts of Broca'S 

lobe will not be considered 	This le not because the 

hinpocaspus, and indeed many other parts of the brain may not 

have am relation to olfactory function*  After stimulating 
the olfactory receptors or the bulb, action potentials- here been 

have varied from author to a 

somewhat ague definition as a diffuse fabric lute 

ensue rhinencephal 

and structures on the basal 

connexions from the olfacto 

some others, so closely related to 



4y: of:almost the whole fore4rain and would.destroy any 
precise meaning that the term !rhinencephalen could have either 
in a functional 'or morphologicalsense. 

It still remains to definerbriefly he parts to be studied. 
and to state the terminologywhich will be used 'or then in this 

thesis. This is necessary because of the variety of terms which 
have been applied to eUchstructureaby.different authors 

eked up rrom 
sap 1952) but lode them all would have involved a 

one (see for e p1 Berry1  1agaaen & 

0 

no attempt hes been made to give s11 peible synonyms 	while 

this the macroscopic features of these parts in t co 

illustrated in ill also be described shortly. 

and 3. Except in size they do not differ 
ntly cm the similar features of the rat bran acs  

ilea description is not necessary. 

u] Onkti Pcicelis917 Rtfact9r7  'NO 

They are 

Thedefining characteristic is the: direct reception of the 
central processes of the receptor cells in the olfactory aucosa 
or in the vomerosmasal organ. 

In the coypu the olfactory bulb is 

1&) and measures about 9 an cranio-eaudally. As the length 
of the cerebral hemIsthere is 35 as, the ratio of the length of 

the olfactory bulb to the hesisphere is about 1 to 4, thus 

indicating the eacrosmatia nature of this brains, The bulb 

could be seen from the dorsal aspect of the brain projecting 
for about 6 an in front of the frontal pole. Its dorsal 
surface is fairly smooth. particularly when compered with 

pe (see 
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Pi 2. Photograph of the ventral surface oS: the coypu brain 
to Show the basal rhineneephalic structures. Compare with 
Fig. 3. About 2.75 times natural size. 



*glom nuclftus 
e the gray matter o 

short distance into the bulb 
le a extend 

ontal 
udally (see Herrick. 1924) 	In the coypu it is well 

end will be described in detail under the sect 
th microscopic features. 

raets 

the shaggy roetra1 and ventral surfaces where most of the 
olfactory nerves enter the bulb. The accessory bulb invaginates 
the postero.dorsal aspect of the main bulb and is seen quite 
clearly as en indentation when the frontal pole which covers it, 
is raised slightlY 

Olfaoto Dediancle  
phis is the part of the braf n by which the olfactory 'bu 

is attached to the frontal lobe of the hemisphere 	In the 
coypu the olfactory peduncle is short and stout. and is 
separated from the bulb by en obliquely running circular 
sulcus lying sore roatrally In the latera/ side (Fig 3). The 
olfactory peduncle extends from the 	 lar same to the 
cranial 'border of the olfactory tubercle where it joins the 
hemispherebetween this joint and the bulb it lies in a 
deep Ientro.'eedial depression in the frontal lobe,. 

Mese are secondary olfactory fibres arising frost neurones 

in the bulb or accessory bulb and running superficially in the 
peduncle to other parts of the brain. ,here the peduncle joins 



Ped. 

Fs. End. 	 

Cx. Pi r. Fr• 	 

Cx. Pi r. Tem. 	  

Cx. Ent. 	 

B Olf. 

	 S.Cir. 

Tr.OIf. Lat. 

Tub. OIf. 

Gy r. D.B. 

Fs. Rh. 

20 — 

Pig. 3. A drawing of the ventral surface of the brain to show 
the different parts of the basal rhinencenhalon. The groove 
bets een the frontal and temporal parts of the ptriform cortex 
is occupied by the middle cerebral artery, 

(For abbreviations in this and other figures see p,19*) 



the frontal lobe t 
	

diverge to form tracts or striae to which 

the terms medial, intermediate and lateral are usually applicd. 

For a description of the situation in the human brain see 

Blows (1928) who also describes medial and lateral accessory 

striae, and Erhart (1950) 	There is some lack of uniformity 

in the way these tracts oar striae have bean named, but only 

one or the variations needs to be mentioned here. rose authors 

(e.g. Lauer 945; ohnson, 1959) hwve used the term 

intermediate olfactory tract for fibres situated deeply in the 

peduncle beneath the gray matter of the,  anterior olfactory 

nucleus, These fibres run into the anterior limb of the 

anterior commiesure, and, as will be seen, there is doubt if 

they arise from cells within the olfactory bulb. In this 

thesis such fibres will be referred to as an "olfactory 

coraissural component" and the term tract" limited to the 

superficial fibres, which can be classified as follows: 

(a) Lateral olfactory 	 which diverts lateral to 

the olfactory ttberc 	tenorterior perforated space to spread 

out over the surface of the pirlform cortex and amygdala. They 

follow approximately the course of a ihtllow groove which can 

usually be identified at the medial boun4nry of the piriform 

cortex, the endorhinal fissure. In the human brain they have 

been identified as forming a lateral olfactory stria or gyms. 

In the coypu brain, the lateral olfactory tract stands out 

as a distinct shining white band which appears immediately 

caudal to the circular sulcus. It is broader cranially and 



gradual r tapers caudally towards the 	 gdt b 	d which it 

can no longer be identified. 

(b) rntersediate or accessory olfactory tracts. Se ondary 

olfactory fibres which spread superficially on the olfactory 

tubercle or anterior perforated substance, These do not form a 

very definite tract and can rarely be identified macroscopically. 

They are represented by the variable medial and lateral 

accessory striate described by Klass (1928) in the human brain. 

Erhart (1950) states that they are present in only 1 to 5 of 

human specimens. Such a tract annot be identified 

macroscopically in the coypu material 

(c) Uedial olfactory tract 

appear to diverge from the 

tubercle and pass towards 

As a macroscopic feature the 

variable and it co,  ld not be 

Erhart (1950) states that it 

brains 

olfactory fibres wh c 

I to the olfactory 

al or rolfactory region. 

1 olfactory tract is 

anti tied clearly in the coypu. 
en in 2Q'; of human nnot be a 

49.1009/7  pgm4 oMsstAt twat.  
A well defined bundle of fibre 	itu 

peduncle which can be traced from the bulb to crows.  in 

anterior commissure. These fibres area ometises referred to as 

the intermediate olfactory tract (see ebove) or as coning from 

the medial or intermediate olfactory tracts (Crosby, Humphrey 

& Lauer, 1962) or from the medial olfactory tract alone 



base 	 brain bounded laterally 

trra 	audally by the diagonal band, 

and extending to the ♦entro-aediai border of the hemisphere 

where it abuts on the septal 

by a nedial olfactory tract or g 	in some mammals. It 

possesses a cortex of characteristic structure and lies 

nmediately ventral to the head of 	 caudate nucleus and 

nucleus secuabena; it is perforated by small basal arteries, 

branches of the middle and anterior cerebral arteries. 

Prominent In ma roomette mammals, it is represented by part of 

the anterior perforated substance or olfactory trigone in the 

human brain 

In the comihrain, the olfactory tdbercle is quite large 

and forms a prominent feature of the ventral surface of the 

brain, Its large else, as well as that of the bulb and piriform 

Olfactorx Tabfrelq 

An elevation 

by the lateral ©Moto 

where It maybe bounded 

appers Huber Crosby, 19%). 	teatimes called the 

anterior limb or interburbar coaponent of e anterior 

oonsissure (e.g, by (3urdjian, 1925). 

In the coypu this component of the anterior commissure is 

well developed, deeply situated in the olfactory peduncle and 

lying entirely within its gray matter (anterior olfactory 

nucleus) throughout its extent. Posteriorly it is Joined by 

a few fascicles coming from or going to the base of the bruin 

and becomes embedded in the nucleus accusibens before turning 

eodi slly to cross in the anterior commissars* 



lobe don 

The arms 

ee learly the masrosmatic naature 	this brain 

cue forms the boundary between the olfactory 

tubercle and the lateral olfactory tract. 

A mass of nervous tissue on the medial aspen of the frontal 

lobe immediately anterior to the lamina terminal and the 

anterior commis surer Above it is overhung by the genu of 

the corpus callosum and cranial to this it hounded by the 

anterior hippocampal rudiment*  Ventrally the septum abuts on 

the olfactory tubercle anteriorly and the diagonal band' 

posteriorly, Above it is continuous with the septum pen dump 

when this is present between the corpus callosum and the fornix; 

the septum pellucidim may be regarded as formed by a stretching 

of the upper part of the septum between these two structures. 

The septum has also bemoaned the parolfactory region 

a) and the precommissural or paraterminal body (Nlliot 

Smith), and superficial features have received names such as 

the cub-callosal gyrus and anterior and posterior parolfactory 

gyri in the human brain. Although unsatisfactory in some 

respects the term septum has received general recognition and 

has been adopted here* In the coypu it is well developed 

(Fig 0 anal presents no unusual macroscopic features. 

abastalalig (diagonal band of Broca) 

A slightly elevated ridge on the 'zeal surface of the 

hemisphere, caudal to the olfactory tubercle and passing from 

the amygdala forwards and medially to the caudo-ventral part of 



Pig. 4, hotagrprb of the nedinl wrface or the coyumi brain 

to sho,o,  the,  shAg,4 ventro-medial sgrfece of the olfftotory 

bulb, the tietil meAnn (0 ri thr.; sv.tTior commitryare 
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the septum. It contains a tract of fib 	a 3 ne nerve 

cells. 

In the coypu it forms a distinct and slightly elevated 

band at the caudo.medial boundary of the elfector tuberclep anad 

lies between it and the optic tract and chissma. 

itandalg 

This term, taken from human anetoar, applies to the group.  

of nuclei on the medial side or the temporal lobe at the caudal 
end of the lateral olfactorY tract and ventral to the mainsails 

of the corpus striatum. It is bounded medially by the caudal 

termination of the hippocaripal formatian. It is more or lees 

clearly outlined laterally by the amygdalo d fiesure in most 

mammals, which is al:matinee continuous with the endorhinal 

fissure rostrally, as in the opossum (Loo 

covered by a cortical layer which may be eall,  

amyrialoid nu eus(Or the periasygdalold cortex 

and 1927) which is continuw4s through a transitl, 

the piriform cortex laterally 

man, but it is doubtful if the sulci related to the uncus 

n be ̀compared directly with the amysdelold e- 	of more 

TO mammals. 

coypu, the 	a forms p osinent 	bulge, 

and the superficial boundary of the cortical nucleus is early 

outlined by a U-shaped asygdaleid fissure (Figs. 2 and 3) which 

is a constant feature of this brain. its lateral liab is not 

continuous with the endorhinal sulcue as in the opossum. The 

It is 

cortical 

l926 

area with 

It is represented by the uncue 

I0 
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nucleus of the lateral olfactory tract, usually cla.sified in 

the amygdaloid group, is also a macroscopic feature immediately 

roetrel to the cortical nucleus.  

Piriform cortex 

The cortical area on the base of the brain which is bounded 
laterally by the rhinaland medially by the endorhinal fissures. 

It extends from the olfactory peduncle, where it is continuous 

with the lateral part of the anterior olfactory nucleus 

posteriorly to the amygdaloid region. There are no anterior or 

posterior boundaries which can be seen macroscopically. It 

often referred to as the prepiriform or anterior piriform cortex 

but these terms will not be used in this thesis 	In the coypu 

the middle cerebral artery runs transversely across the midCle 

of the piriform lobe and forms a convenient division between 

frontal and temporal parts of the piriform cortex.. 

Star11044 ilaa 
The cortex of the temporal. lobe which extends aosterior to 

the amygdala, bounded laterail.y by the posterior 

rhinal fissure and medially by the subicular carte 
separates it from the hippocampal formation. This is the 

posterior piriform cortex of some authors (e.g Gray, 1924) but  

It differs markedly in structure from the rest of the piriform 

cortex and receives no secondary olfactory connexions from the 

bulb. It seems beat therefore, to emphasise the difference by 
a separate name although there is no eulcus separating it from 



the p riform cortex anteriorly or from the retrosplenial region 

of the neocortex caudally. 

In the coypu, as in most other macrosmatic manuals, the 

entorhinal cortex is ieee extensive than the plrifore cortex, 

particularly when compared with the higher primates where the 

proportions are reversed. Its rostral and caudal boundaries 

are not marked by any macroscopic feature. 
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TUKR TORINI.99T 
In this section the parts of the rhinencephalon to be 

studied are considered in turn A brief summe.ry of the 
condition in asaamals generally taken from the literature, 
given for each part before the ondition in the coypu is 
described. The microscopic features of the rhinencephalon in 
the coypu are so similar to those of comparable macrosmatic 
mammals (e.g• the rat) that separate treatment seemed unnecessary. 

Olfactorov pap  
The olfactory bulb is typ 
:Aloft is very uniform in al 

normally recognised: 1. layer of olfactory nerves; 
2, glomerular layer; 3. external plexiform layer; 1.. mitt 

inter al granular cell layer; 5. interned plexiform layer; 
layer; and 7, apendyeal or periventricul r 

obliterated olfactory ventricle is usually r 
sees of epenal cells, 

Our knowledge of the significance of 
am the work of Golgi (1875)* whop, with the aid of hie new 

method of biebromate-silver impregnation demonstrated for the 
first time the finer structure of the glamerulus and some other 
parts of the bulb. However, his misinterpretation of some 

features of the connexions were due to his belief in the 
retioularist hypothesis (Gerlach) then current. Later Cajal 
(1890), van Gehuchten ,Pf. Martin (1891), Calleja (1893) and others, 
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all using the chrome silver method of Golgit  made further 

contributions, However, it was Cajal (1890 1901.211  translated 

1911 and 1955) who provided the correct interpretation of the 

synaptic relationships within the °aerial between the 

peripheral olfactory fibres end the dendrites of the mitral cells 

His classical work forms the basis of our present idea of the 

mode of conduction through the bulb: It appears that the mitral 

cells are structurally and functionally polarised in the sense 

that the tufted endings of the dendrites in the glomeruli are 

receptive and their axons emei astve. They iherefoxe transmit 

impulses of olfactory origin to the olfactory tracts, The 

fUnction served by  be collateral branches of the axons of the 

mitral cells:  by periglomerular cells and the granule cells are 

not so clear but they are prdbably parts of an elaborate 

apparatus for spreading and stepping up the energy of transmission 
(avalanche conduction of Cajal): 	way granule cells could be 

stimulated by the efollaterals and the axons of the granule cells 
could then discharge to the outer ple iform layer or possibly 

the periglomerular cells or their omerull ending eventually to 

the activation of a such larger nuUber of mltral cells 
Shepherd (1963) in electrophysiological experimenis wee unable 
to obtain evidence for the avalanche conduction of Cajal*  

Since tbe dbservations of the above mentioned authors, 
the olfactory bulb or mammals has teen described in detail 

by many observers. Among these are ,i1nkler & Potter (1911 and 
1914), Gurdjian (1925), 'Young (1936), Numphrey (1936), 
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Crosbyee nusphrey (1939) s and more recently Allison (1953a), 

Johnson (1957), Pilleri (1961) and Lohman (1963). Allison 

(1953b) reviewed the previous work and drew particular attention 

to the presence in the external plexiform layer of many 

'displaced *Ural cells' or Cajalls 'tufted cells' (cellules 

h houppette). These are medium sized, ovoid or triangular 

cells peripheral to the mitral cell zone which stain less deeply 

than the mitral cells. They ore most numerous in mommale, in 

which they are found either as supplementary to a highly 

developed sitral cell layer (as in the shrew), or as compensatory 

In forms such as the primates which show * marked diminution of 

the ultra cell layer itself (Crosby At Humphrey, 1939) 

Cajal (1911),,Young (1936), Humphrey (1936), Allison (1953 a 

and b), end some other authors were f the opinion that the 

tufted cells give rise to fibres that interconnect with the 

opposite olfactory bulb. There has been, however such 

controversy over the origin and termination of these commiesural 

fibres and this question will be discussed later in the light 

of the experimental evidence. 

Uodern work on the olfactory bulb has been 1 gely 

concerned with the relationship between the bulb and the 

olfactory sucosa and the problem of olfactory discrimination, 

The nulber of receptor cells is very large, 50,000,000 on 

each side in the rabbit (Clark, 1957) end Gasser (1956) sheered 

that the fibres to which they give rise are very fine 

(0.1 p or less in diameter). He made some computations of an 



indirect nature from hie electron micrograph preparations of 
the olfactory mecca in the pig and arrived at the conclusion 
that there was a reasonably close correapondence between the 
number of nerve fibres and the nunber of receptor cells. 
De Lorenzo (1957; 1960) confirmed Oaseees observation of the 
very fine calibre of the olfactory nerve fibres and described 
their terminations where they pushed into the mitre). cell 
dendrites in a glomeruluss The preaynaptic terminals 
mitochondria and synaptic 

On the assumption of a one to one relati c eehip be 

eceptor cells and olfactory nor fibrets llison & Warwick 

(1949) estimated that about 26 	fibres must enter each 

gloseruius. A *Ural eel] has 

distributes 	one gloserulus 	Ter each 

reached by th 
Aliteon and Warwick concluded that the glomerulus is an 
excellent mechanism for spatial summation 

e which 
ruins being 

endrites of about 24 mitral and 68 tufted cellse  

As concerning the possible ne meehnn em for Olfactory 
ti cup, the matter is by no 	is settled• Adri 

(1950) 
	timulating small areas of the olfactory mucosa in the 

rabbit 
	0:larding the responses in the bulb was able to 

demonstratede strate some degree of topographical localisation for the-
project on of the olfactory mucosa an the bulb. The oral 
extremityof the mucosa projects mainly to the anterior and the 

aboral to the posterior part of the bulb, In 1955b he also 
showed, by recording potentials from intrabulbar electrodes, 
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that the sensitivity of the mitral cells to different smells is 

by no means uniform.. $o far, he' has found itpostibIe to.  

divide the cells into at least 4 or 5 types, each particularly 

sensitive to one group of smells. This specificity of mitral 

cells may apply also to the glomeruli from which they receive 

their impulses, and it may be that. the.particular glomeruli 

aoncerned receive their fibres predominantly from groups of 

receptors which are themselves selectively sensitive to one or 

other chemical substance. . However, Le Gros. Clark .(1957) gives 

a different explanation stating that the olfactory nerve plexus 

on the surface of. the bulb: 'serves precisely the opposite 

purpose of ensuring a compl 	randomisation  of fibres so that 

each glomerulus receives impulses troU every•type ofreceptorl 

in other Words, that .each glomerulus is in itself a functional 

unit cOncerned with the total range of olfactory discrimination". 

The mistence,of. a. centrifugal fibre system entering the 

olfactorybulb from the brain, through vhich.the activity of the 
bulb can be influenced by higher centres, Wag described originally 

by Cajal (2921) and more recent evidence will be discussed later. 

Olfactori bulb of t eoynu  

FrOm without inwards the laye 

(1) La Ter pi' oltacttery ale `ve .fibres. This forms a dense plexus 

of ummyelinated . fibres over the surface of the greaterpart of 

the bulb, most serked an the ventral, medial and anterior 

surfaces (Pig. 5);• ceuda14„ it disappears first from the 

dorsal, then the lateral and lastly the Medial surface. In 
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Fig, 5. Drnw ngo of transverse sect .one c4 the olractory 
bulb to show general features. Toluidine blue stein, X 7. 



Holaes9  silverpreperetions the fibres can be seen approaching 

the bulb in c 	dies which separate into smaller 
fesciculi and are 	■oven for a short distance before 
terminating in the olfactory glom 

(it) Mixer of alomernli 	The bulb is surrounded on all sides bl 
the glomerular layer which corresponds in extent with the layer 
of olfactory nerve fibres. They► form a fairly regular stratum, 
mostly► one glomerulus thick 	The g omerull are easily seen 

with the low power as fairlylarge rounded structures meost 
completely free of cells and about 125 a. in diameter, They are 
circumscribed by well-defined capsules of periglomaerular or 
outer granular cells, most of >which are rounded, email,ith 

little cytoplasm and very similar 	the cells of the inner.  

granular layer. Mixed with them are a small nua r of larger 
cells fusifora or tri 
the smaller tufted cells. 
of fine myelinated fibres  

lam in shape end ge erally resembling 
a preparations show a number 

the periglosierular cells. These 
could be afferent fibres free other parts of the bulb or 
cerebral hemisphere; they cannot be olfactory nerve fibre 
which are unsyelinated, but the pos$ bilityr that they 	axons 
of at least the larger periglomeralar cells cannot be (excluded. 

(Ill)  tepgAPitc9Th Ang 114,41 !RV- Wier* *broad fibre 
layer composed partly of radially disposed fibres, most of which 

are the dendrites of the ■itral cells. There are many finer 
fibres running obliquely or parallel to the surface, some of 
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transverse section to show 
the 6 layers oil the main 
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Fig.  7. tit,hk!r ;oi;er view 
(x 140) of the external 
plexiform and mitral cell 
layers. Note the displaced 
mitr,11 cella close to the 
latter end the tufted cells in 
the superficial part of the 
external plexiform layer. 
Toluidine blue. 

tA.g. 8. High power view 
X 360) of the tune-Li and 
11.61omeralar cells. 
luidine biu. 
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lg. 9. nigh power view 
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asaoclated .ranulf": ceLle. 
Tauidine blue. 



37 0. 

A few cells are se 	o net a rather 

These are the displaced 
	

1 or tufted 

which are 

clear background 

03) 
auto  and 

cells. 

border 

sells of th 
shape. and 

dendrite 

are tine 

olfactory bulb. commonly Mold or triangular in 

th conspicuous Meal bodies (Pig 	The main 
to 	glosterulue as described above. The axons 

as they pass to the internal plexiform layer and 

The luer 	nitra;,cellp.  This layer is compact and clear 

besides the typical mitral cells contains many granule 

The mitre' cells are large and situated at the outer 

layer (Fig 7). They are the most characteristic 

cells. They are pyramidal or multipolar in .shape and although 

smaller than the typical mitral cells, are similar in appearance 

but slightly elongated. Near the gloseruli they are somewhat 

smaller than those nearer the mitral cell layer so that there 

may well be two types of cell .0 displaced 'Urals  cells near 

the mitral cell layer and mere numerous and smaller 'tufted 

cells' near the glomeruli, (Fig. 7 ). 

turn caudally towards the olfactory tracts they become thicker 

and acquire myelin sheaths. Moat of them appear to enter the 
lateral olfactory tract. The bases of the mitre 	le are 

surrounded by densely packed granule tells 

(v) 714 rrta). plexiform Meyer,  This is much narrower th 
external plexiform layer and lies just deep to the mitral cells. 

It contains a few cells of the granule type. The fibres are 

probably mainly the collateral* of axons of tufted and mitre' 

cells. 



(vi) Ipterpal granuolar lever. This, the main granule cell 
layer, contains small rounded cells closely packed in irregular 
laminae and clumps. Their nuclei usually contain two nucleoli 
and there is little visible cytoplasm. Neuroglial elements 
are also present. Myelinated fibres grouped into bundles 
(the axons of mitral and tufted cells) are found in this layer 
between and among the clumps of granule cells. The internal 

granular layer has no definite inner margin but gradually 
gives place to a region containing few cells (periventricular 
cells), mostly 0114 elements end a loose network of fine 
myelinated fibres. These are probably the bulbo-petal fibres 
described by Cajal and others. Caudally an ill-defined 
concentration of small deeply staining nuclei is seen among which 
are a few clumps of erpitheloid cells, some arrant; ma small 

These are the remnants of the olfactory ventricle. 

Acegsto'i lfactoizy tplb 
r2he first author to describe the eccess©ry bulb 

von Gudden (1870) in the rabbit in the rabbit it has 

been described by Cajal (1911), ceotter (1912). Winkler 
Potter (1911) and Young (1936). McCotter (1912) followed the 
womerosmasal nerve from Jacobson's organ to the accessory bulb 
and showed that its size in different species varies in direct 
proportion to that of the vosero.nasal organ. The accessory 

bulb has now been described for many mammals, such as marsupials 

(Herrick. 192I), rodents (Ourdjian, 1925), carnivores (v;inkler & 

Potter, 19111), and in the insectivores (Le Gros Clark, 1933). 
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bat 	lryr•  1936►) and le either vestigal 

ng man (Kappers•  Huber & 

type of lamination. Cajal (1911) pointed out that the most 
importsnt difference is in the ■itrel cell layer. Thee° cells 
(Young, 936) are not characteri+sticalilr antral or triangular 
in shape and do not ibra a single stratum. They are uniformly 
distributed throughout most of the plexifora layer and there are 
no tufted cells, Allison (1953a) showed that the 
the accessory b scarcely merit the name, being mu 
and lees den, tely circumscribed than in the Mein bulb 
authors described the position et the accessory bulb all 

of the main bulb and slightly to the 

pi bulb of the comma 
actory bulb of thecoypu begins to 

face of the main bulb just anterior to 
overlaps the greater part of it (Pig 13) 
al to the plane of the caudal extremity 

oat layer is formed by fibres of the 
nerve Which spread over its surface (7 	and turn inward to 
end in the glomerulip which are smaller then those of the main 
bulb and less regularly arranged (Pig. 10)s  Their capsules of 
periglamerular cells are less definite and contain fewer cells. 
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Pig. 12. Higher power view 
x 360) of the mitral cells of 
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The external plexiform layer is such narrower than in the main 
bulb and contains fewer cells, probably none of thee tufted cells. 
In its deeper part there is a broad, diffuse mitral cell sone, 
such less definite than in the main bulb and with much less 
admixture of granule cells. The axons of the mitral colic are 
very fine and it is difficult to follow then. They become 
sedullated and join the bundles of axons from the main bulb 
which traverse the internal granular layer of the accessory bulb 
to reach the lateral olfactory tract. The internal plexiform 
layer of the accessory bulb is relatively broad. The internal 
granular is a very narrow layer of the gron e cells similar to 
those of the main bulb, and particulsrly caudally, is broken up 
by the presen 

(Pig 

ed fibre bundles mentioned above 

and suirsupial brains 
ated olfactory tissue of the second order that 

bed by fferri 	19 
Re defines it as na 

"until 
typically borders the bulbar formation, arming a ring or a 
cylinder of gray matter within the olfactory bulb or arum or.  

adjacent part of the hemisphere 	One understands Herrick's 

term "undifferentiated" as mean 
differentiation into defined nuclei or laminae* It could also 

apply to the position of the cells close to the ventricular 
ependysa which say be regarded as primitive. Re points out 
however, that this arrangement shows variations in each 

of clear 



vertebrate species depending. to.a great extent on the degree 
of development of the olfactory apparatus. The variatiuns 
have been illustrated in several later studies, e.g. Young 
(1936), who pointed out that the uss of the term 
vtmdifferentiatedw could not be applied literally to the nucleus 
in the rabbit where it shows very considerable differentiation. 

Herrick divides the nucleus into a pars bulbaris entirely 
within the olfactory bulb and a pare dor:palls entrails, 
aedialis and lateralis in the olfactory peduncle, > He also 
recognised a pars external closely associated with 	a 
olfactory tract. Caudal to the olfactory peduncle he 
described a pars po terior which merges into the medial wali. of 
the heeisphere. 

The pare externs of the *Merl 	nucleus has 
attracted a great deal of attention. 	(19214) from his 
studies on the opossum, divides it into dorsal and ventral limbs 
the former in close relation with the accessory bulb 
suggested that it forms a buffer be 
bul'ber formations and the main body of t 
nucleus. It is always terposed between 

chain (1925) states that the pars externs is probably an 
eo r olfactory nucleus which serves the function 
oreing or stepping-up olfactory stimuli. She describe it 

in CA03210408' and thought that the cells had migrated as a 

result of the neurobiotactic influence of the overlying 
olfactory tract fibres. Young (1936) accepted this explanation. 
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N.O. A. p 	N.O.A. Ex t. 	B.0 I f. 

Fig. 13. A diagram illustrating the main features of 

the anterior olfactory nucleus as they would appear in a 

longitudinal section from a generalised mammal. (A list 

of abbreviations is given on p. 194.) 



for the rabbit. He suggest that the division into dorsal 
and ventral limbs could also be the result of the aggregation 
of the particular fibres that exert this neurobiotactic 
influence into the dorsal and ventral parts of the lateral 
olfactory tract. The pars externs has also been described by 
curd jinn (1925) for the rat. Humphrey 1936) for the bat*  and 
sore recently by Johnson (1957) and Wilma= (1963) for the 
guinea pig. Humphrey*  however*  found no division into dorsal 
and ventral limbs. She thought that this might be due to the 
absence in the bat of the accessory bulb,, which 
Herrick*  is associated with the dorsal limb. 

he most detailed account of the anterior olfact 27 nucleus 
is that given by Crosby & Humphrey (1939). They have studied it 
in a representative series of vertebrates comprising a large 
number of asausals*  reptiles and birds 	Pro. this study 
review of the literature they concluded that a common pattern , 
ender-lies its morphology* and that variation occurs only in 
the relative sire and degree of differentiation of the 
omponent parts. They found that when the peduncle is shoe 

as in saw insectivores and bats*  the parte of the nucleus 
tend to be telescoped to some extent into the bulb. At the 
opposite extreme as in many primates and in man (Crosby & 
Humphrey*  19144 when the peduncle is long*  the anterior 
olfactory nucleus is represented by scattered clumps of wells  

around the remains of the olfactory ventricle. 
The diagram (Pig. 13) illustrates the main features of the 
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Fig. 14. Projection 
caudal third of the 
end of the anterior 
by Loyez method; 2  

drawings of transverse sections of the 
olfactory bulb to show the most rostral 
olfactory nucleus. 1 and 3 are stained 
stained by toluidine blue. X 15. 



anterior olfactory nucleus as they mould appear in a longitudinal 

section from a generalised mammal. It consists essentially .of 

the pars externa, close to the bulb and made up of small, deeply 

stained multipolar cells, and what maybe called the 'pars 
principalist in the form of a cylinder of cells surrounding the 

olfactory ventricle or its remnants in the peduncle. The 

latter is commonly described as possessing dorsal, ventral, 
medial and lateral parts, but these terms have little sore than 

topozraphical significance and the parts do not show consistent 
estoarehlteetural differences. Caudally the anterior olfactory 
nucleus becomes continuous with the pirlfors cortex laterally 

and the frontal neocortex dorsally. Nedially it to said to 

come in contact with some superficial cell groups in the septum 

representing a hippocampal rudiment 	Ventrally it gives place 

to the olfactory tUbercle but an extension in the tors of 

scattered large cells between the cortex of the tubercle and 
the underlying striatum has been described as a pare posterior 
by some authors (e.g. Crosby & Humphrey, 1939). 

AtterAor ?Metiers nuplour pf 	neyng 
nucleus is essentially similar to that described  

mails, and to simplify the description we have divided  

t into three main parts: 1. pars externa; 2, pare principal s; 
and 3. pars posterior. 

1. 	Per eiWint, a horseshoe shaped mass of small deeply 

stained multipolar cells adjacent to and partly within the bulb, 



neocortex of the frontal Po 
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surrounding the peduncle obliquely except on its ventromeedial 

side. it is best developed dorso.lateralty, where there is 

also a short caudal extension in dorsal and lateral tails 

(Fig, 15). The pars external is interposed between the grenule 

cell layer of the bulb externally and the pars principalla of 

the anterior olfactory nucleus more deeply: Its moat rostra]. 

tip lies just deep to the caudal end of the scccseory bulb,(Fig4,18) 

2. pars urine/mall',  a thick ring of multipolar or pyramidal 
cells which surrounds the olfactory commiseural component 

throughout the greater pert of the olfnctory peduncle (Figs. 15 

and 16). Traced anteriorly its cells are replaced first on 

the medial side by olfactory bulb structure 	Dorsally, 

ventrally, and laterally it extends forward within the bulb for 

a short distance:  As the pars principalls is traced 

posteriorlyit beeomes differentiated laterally by the 

appearance of a definite, closely peekede, superficial lamina 

continuous with the piriform cortex. This le probably the pars 

lateralis of other authors. Dorsally it is continuous with the 

Medially it gives Place to some 

superficial deeply stained, oral,' peaked cells Immediately 

anterior to the ventral part of the septum. These probably 

represent the anterior hippocampal rudiment although they 

cannot be traced into continuity.  with the indusium, 

3. Pars nostwpr.  Ventrally the pars principalie gives 
place to the structure of the olfactory tubercle but extends 
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Fig. 15, Projection drawing of transverse sections of the most 
cranial end of the olfactory peduncle showing the pars 
externs and pars princinalis of the anterior olfactory nucleus, 

'.The obliterated olfactory ventricle is represented by small 
ependymal cells, Toluidine blue stain, X 15. 
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N. 0. A. pr 

Fig. 16, Projection drawings of transverse sections at the 
caudal third of the olfactory peduncle. Note how the pars 
principalis of the anterior olfactory surrounds the core of 
the peduncle completely. Section 2_is Loyez preparations; 1 and 
3 are toluidine blue. X_15. 
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posteriorly as a conspicuous layer of rather large cells deep 

to the cortex of the tubercle as described by Crosby & Humphrey, 

1939. Further caudally it gives place to scattered, 
irregularly arranged cells which lie around the ventral surface 

of the nucleus acculbenes 

It should be noted that with the possible exception of the 

pars posterior the parts of the pars principalie are all regions 
in a cuff or tubular layer of cells surrounding the peduncle. 
Although on the basis of topographical position it iu possible 
to designate a pare &moans, ventral's, lateralls and medians, 

these parts are not clearly differentiated in cell type and 
arrangement or in fibre connexions. The recognition of a pars 

laterals is probably Justified b its special relationship 

with the lateral olfactory tract and piriform cortex. The 

whole anterior olfactory nucleus could be regarded as the cortex 

of the olfactory peduncle and the rostrnl extension of the 

much larger secondary olfactory area which includes the arm (MY 

tubercle and the piriform cortex* 

yirtfo , cortex 

The extent and boundaries of this cortica 

ready been described (p. 27) and are illustrated in Pig 3. 
It differs markedly in structure from the neopa 11tuR or 
ne000rtex (Elliot Smith) which covers most of the surface of 
the hemisphere. It also differs, but less fundamentally, 

from other cortical formations (eilg* that of the tubercle) 
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1•1.g. 17. '41otogrn 11 of n sagittal section of the olfactory 
bulb and peduncle at the level of the middle of the secesv,ory 
bulb to show the anterior olf*ctory nucleus. Toluidine 
blue, )4, 15. 

Fig. 18. A sagittal section of the olfrictory bulb and peduncle 
Just lateral tl thnt of Pig, 17. Note the pars exterm 
(darkly stained) and pars principalia (lightly stained) of the 
anterior olfnctory nucleus. Toluidine blue, 15. 



found in the piriform lobe. 

Various terms have been used tc specify different cortical 
types in mammals so that the terminolo6ical situation is 
confUsing (see Prrbram & Fruger, 1554). On the bead 

phylogenetic studies the cortex-of the pirtforr lobe. is often 
referred to as palemortex,1n•contrast to. the more highly 
differentiated arcilicortet - of the•- hippocampal formation (cornu 

asmonis•and dentategyrus).:- Both palaeor and archi-cortex 
differ, particularly in the..nuiber• of cell laminae .which can be 

distinguished*  fro - the neoa,cortex.. The latter* which is 

non olfactory in function, has become..extensively andhigly 
developed only in mammals, where itis.considered to.he the 

typical - cortical formation. its expansion and the growth. of 

its Main commissure (the corpus cdtlesum) has been responsible' 

for great modification* in the topography of both palaeo and --

Archicortical formation*. 
Btodmann (1909) is his classical studies . of the a 

cortex*  introduced a different terminology.. 	extensive  

• neo-cortex he called hone-genetic, characterised 'tom the 

possession, of six cell layers either in the adult or 'during .-

ontogeny. When the six laminae are preserved in the• adult 

the•term-rhomotypic*-is also used. .The. palaeo- and archl 

cortex, which. at no stage - possess the six layers he classes as. 

mheterogenetic".. -Brodsannts terms hoar,- and-hetero-genetilv 

correspond closely with the more generally accepted terms 
isocortex and allocorted, later introduced by Vogt. Yet other 
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terms have been introduced by the cytoarchiteetonie school. 

e.g. "semicortex" by Rose (1929) for the cortex of the pirifora 

Ube., but most of these have never gained wide acceptance and 

are of little more then historical interest. The same any be 

said of certain other terms invented by Brodaann for subdivisices 

of the beterogenetie (allocortical) sreas, e.g cortex 

primitivuep rod/sent/wins and striatum. 

Brodmann. the Vogt.. Rose end many others worked with 

material stained only by the Nisei method and were therefore 

limited in their observation to the form, size and disposition 

in laminae or otherwise of the perikaryon of the neurone. 

Cajal and later his pupil Lorente de 714, O'Leary and others 

made fsr lore detailed observation which took into account 

the dandritic plexuses and the afferent and efferent connexions 

of cortical areas as demonstrated by the Oolgi and other 

metallic impregnation methods. Cajal, whose work is of 

fundamental Importance, unfortunately used his own individual 

terminology for the parts of the piriform lobe, making 

comparison with the work of others difficult. The difficulty 

Is increased by the fact that he used differsnt terms for the 

human and the other mammalian species which he examined. Be 

appears for example (Cajal. 19554  to regard the human 

hippecampal gyres as the same as the pirifora lobe of lower 

mammals, which is not of course the ease. Most authors would 

include at least the macus and anterior perforated apace as 

parts of the piriform lobe. He also refers to the narrow 
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rostralextension of the olfactory cortex as 'frontal' a term 
which is more usually applied to the extensive neocortex of 
the whole frontal lobe.. In Cajal's usage it clearly refers 
only to the cortex medial to the cranial end of the rhinal 
fissure and closely related to or covered by the lateral 
olfactory tract. Be states that it receives collateral 
branches trete the fibres of that tract. Further caudally, 
still medial to the rhinal fissure and about on a level with 
the amygdala, Cajal differentiated the 'sphenoidal' cortex 
(1901-2), a part of the piriform lobe which he found received 
terminal fibres from the lateral olfactory tract. This 
appears to be the same as the w4itoree temporal °tractive" 
(his rig. 4501, 1911) or the "Region °tractive principals ou 
centrals de rhippocampe" in the human brain. 

Further caudally again, and also bOunded laterally by the 
rhinal fissure, he differentiated the "icorce teaporale 
postoirieure ou superior! which isfeparated medially from the 
cormammenls of the hIppocampal rermationht . the subiculer 
areas. Caudally and dorsally it gives place to the retro-
eplenisl areas of neocortex, usually with no macroscopic 
boundary. He ateo -refers U. this cortex as the "noyau 
angulalre" (Fig 450, 1911). Lorente de Ver, who later studied 
it in great detail (1933), adopted the term 'entorhinal'. 

.1,iflijal 'pointed out, it receives no seeendary=olfactory 

.connexions from the bulb and is more complex in its cell content 

and laminar structure than other parts of the piriform lobe. 
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Lorente de NO' considered however that it was simpler than the 

general neocortez and although possessing 6 laminae has fewer 

sell types*  For this reason he regarded it as transitional 

between the alio.. or palaeo-cortex of the piriform lobe and the 

isocortez or neocortex*  It covers the greater part of the 

surface of the hippocampal gds in the human brain (Brodmann's 
area 264 

The entorhinal area is closely related to the hippocampal 

rmation and connected to it by Cajal. s "vole temporoi• 

ique 	It is well developed in en snosmatic mammal, the 

porpoise (hrerathaach & Coldby, 1954) and although in other 

mammals, it receives tertiary olfactory ronnezions from other 

parts of the rhineneephal (Cragg, 1961; Powell Cowan & 

Reisman, 1963), it is doubtful if its primary function is 

olfactory 

Gray (1924) studied the corte of the p rito i lobe in 

the opossum (p  virsinisaa)  a primitive mammal where the 

macroscopic features are sore easily compared with those in the 

coypu#  He differentiated: (1) an area piriformis anterior 

extending from the lateral part of the anterior olfactory 

nucleus along the lateral olfactory tract caudally to,about the 

level of the roetral border or the olfactory tubercle; this 
corresponds with the frontal part or the piriform cortex of 

the coypu as defined on p* 27, (ii) en area piriformis 

medialls occupying the middle or intermediate part of the 

pirlform lobe and adjacent to the caudal parts of the olfactory 
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tubercle and the amygdala, i.e. the temporal pert of the 
piriform in the coypu (p. 27), and (iii) an aren piriformie 
posterior which clearly corresponds with the entorhinal area of 
Brodmann, Rose, Lorente de /16 and others and is the term which 

is used in this thesis. Gray considered that it is in his 
area medialis that the piriform cortex attains its most 
characteristic differentiations this le the region which 
according to Cajal receives the main terminals of the lateral 
olfactory tract and was named by him "sphenoidal" or "4corce 
temporal frandhement olfactive". 

The piriform cortex has been describe under its vari.aeae 
names in mat detail by many authors and frequently 
sUbdivided (e.g. by Economo (1929) into areas pirlformie FX 
and ID (lateral olfactory gyms, insular area) endorse 
pirlformie tempo ells TI, and by Rose (1929) into prepirifOrm 
1, 2 and 3) 

	
It is not necessary to discus 

eyt©erchi.tec ural differences on 
eubdilriaivns are based. In general 

the small 
utad other 
elatively simple 

structure. Cajal (1911) and O'Leary (1937) on the basis of 
Golgi as well as Nisei preparations, distinguished five layer 
of which the fifth is the underlying white matter. In the Vissl 
stained coypu material there appears to be three basic ayers 
molecular, pyramidal and polymorphic (Fig. 20), but closer 
study shows that the pyramidal layer WM be divided 

indistinctly into two, corresponding probably with Cajel's 

layers II and III. The following describes the layers in the 
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1). 	0£ the visit Pal rce : the coypu 
braln tr 44 lc- aolsw tlocks re taker, so •:ph to supplement 
ths:• original travavvrse series tnd used porticulerly for 
the cwtoerehitectonic study o tne anterior olfnctory nucleus, 
front;,1 and tempor61 piriforu cortex, olfctory tubercle' cz 
the ertorbinnl cortex, 2. 
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frontal part of the piriform cortex of the coypu. 

I. An outer molecular layer consisting of the dendrites and 

axons of underlying cells and also a few horizontal cells. 

To this any be added a "fibrillary layer" on its surface formed 
by the lateral olfactory tract fibres. 

The presence of myelinated fibres in this lamina is a 

characteristic feature of the whole piriform cortex. In the 

coypu the fibrillary layer is made up medially of the massive 

lateral olfactory tract (Fig. 20) with fibres directed rostro-

caudally. Fine myelinated fibres spread laterally from the 

tract just beneath the pial surface into the wall of the 

rhinal fissure but do not extend to the neocortex beyond it. 

The duper plexifors layer contains a few myelinated fibres 
oat small and fuelform. These are 

probably Cajal s horizontal cells but there to en occasional 
rger cell which appears to have been dimple ed from layer 

U 	A fairly compact layer 	 all and medium pyramidal or 

polymorphic cells somewhat variable in size and often arranged 

In clumps, In the coypu the cells are mostly fusiforn or 

multipolar rather than typically plaid brut with the 

a perpendicular to the surface (sigc. 21 nc 210, 

Particularly dense clumps of cede acre pareaent deep t 

lateral olfactory tracts  giving this part of the cortex a 

corrugated appearance not seen where it extends into the wall 
the rhinal fissure. 

of 



Fig. 20. A transverse section tc,  show thc fr,mtal pirifom 
cortex. 7ote the very wide molecular lmyer wnich contains 
the maasive laterol olfactory trL:ct in its outer (fibrillory 
part. 	i:oluidinc blue. X 40* 
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A broad layer of deep pyramids in •which t:e cells are a,  

slightly larger, and somewhat more scattered tkan in laycl-

Cajal found that these pyramids have characteristic brushy 

dendrites, and they were called double pyramids by Kolliker 

(1893). In the coypu these cells stein less intensely then 

those of layer II/(Fig. 22) and they are much scarcer in the 

frontal than in the temporal part of the pirifora cortex. 

Ill. A broad layer of scattered polymorphic cells which in the 

coypu are mostly rather small and multipolar. They lie among 

syelinated fibres approaching or leaving the cortex. 

In the coypu the lateral boundary of the frontal piriform 
cortex is sharp at the bottom of the rhinal fissure where it 
gives place to neocortex. Rost rally the ventro-lateral part 

of the anterior olfactory nucleus has a practically identical 

structure, except for the absence of clumping of the cells in 

layer IX so that no clear boundary exists. Medially there is 
1 -% 

en equally indefinite transition to the cortex of the olfactory 

tubercle which contains the same basic layers but with 

certain special characteristics which will be described later. 

The temporal part of the piriform cortex in the con= is 

illustrated in. Pigs. 32 and 33. The same 3 basic layers 

are present. Layer I is thinner chiefly because of the 

shrinkage of the lateral olfactory tract, most or the fibres 

of which have ended at more rostral levels. Its superficial 

fibrillar part is recognisable only medially close to the 
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amygdaloid fissure, end laterally close to the rhinal fissure. 

T,nyer IIa contains cells of the eame general type as before but 

more regularly arranged and with less clumping and few 
corrugations. , Clumps are still seen however, chiefly in the 
medial wall of the rhinal fissure and it may be noted that 
similar clumps are quite numerous in the second layer of the 

neoeortex beyond this fiesure (rig. 32). Layer lib (the deep 

pyramids) seems more definite here, its cells being scattered in 

contrast to the closely packed superficial pyramids. 
They are difficult however to separate from the multipolar 

cells of the IIIrd or polymorphic layer, which are 
distinguishable chiefly because they lack the orientation 

perpendicular to the surface which is characteristic of Layer 

In. In turn the IIIrd layer cells are in some places not 
clearly separated from the underlying mues of cells which has 

been identified as belonging to the cleustrum. 

As before the neocortical boundary is fairly sharp. 
It lies at the bottom of the rhinal fissure where a narrow 

intermediate zone could be interpreted as a pert-rhinal area. 

Medially the baundariee are much less definite and there is a 

transition to the nucleus of the lateral olfactory tract and 
the certico.amygdalold nucleus. Caudally the transition to 

the multi-laminate entorhinal cortex is gradual.  

It le clear that the pirifora cortex of the coypu is 

relatively uniform and simple in structure. The three basic 
layers are present throughout but in Visa stained preperationo 
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it is difficult to decide definitely where the boundary between 

the 'Ind and Mg layers should be put. It is obvious that the 

lamination is lees complex than in the entorhinal or much of 

the sec/cortex. The absence of granule cells is also a 

striking feature. The presence of myelinated fibres in layer I 

(forming its fibrillary part) is also characteristic. There is 

a strong presumption that these are lateral olfactory tract 

fibres most of which appear to end in the frontal region of the 

cortex. Caudally,  the remaining myelinated fibres are 

concentrated in two regions, medially close to the amygdala and 

laterally, close to the thinal fissure. 

ibile it would be poseitle on the basis of such features 

es the presence or absence of clumping in the I nd layer and 

tribution of myelin 	fibres in the Ist layer to 
subdivide the pirifOrm area t is dodbtful if the subdivisions 

would have such significance or correspond at all closely 

with those made by others (esg Rose, 1929). There does seem 

some basis for comparison 	Grays description of an area 

piriformis anterior (front 	edialis (temporal) but to 

go much further than this would 	 ire a detailed study of 

cell types and fibre plexuses such es would  be possible only in 

1 material 	So far as ordinary 

concerned the outstanding charae 

area are simplicity and uniformity. 

rehitectonle studies 

ice of the piriform 

ntorhinal corte  

The entorhinal cortex 1a such more complex and 6 laminae 
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can be Identified although the schemes adopted by Cajal (1911) 

and Lorente de lid (1934a, 1930) differ slightly* Cajal 

actually described 8 laminae but these included the underlying 

white setter (the 8th) and an almost cell free deep plexifcra 

layer (the 4th). In Nissl preparations he illustrates 6 

cellular laminae*  

Lorente de /waives many details of the intracortioal 

plexuses and of the dendritic arborisations of cells and the 

orientation (in sone cases the destination) of their axons* 

It is not necessary to discuss these details here because the 

methods used in the present study (chiefly the Dies' technique) 

do not demonstrate them so that no comparison can be made. 

The 6 laminae seen in Blasi preparations can be identified in 

many different mammals and maybe taken as oharacteristic for 

the mammalian entorhinal area in general* As Lorente de Nd 

pointed out however, identiticeatione of laminae in Nisei 

preparations are all more or less edbjective and different 

observers even using the same material, may come to different 

conclusions. It maybe noted that Rose (1926) defines only 1i 

cellular laminae in the entorhinal area* kartly for this 

reason it does not seem necessary to discuss the different 

subdivisions made by Rose and others, the significance of 'which 

depends essentially upon a knatIndge of their connexions and 

of the arrangement of the ftbre plexuses, axonal and dendritic* 

In the coypu the situation of the entorhinal cortex is 

illustrated in Fig* 3,z.It extends dorsally for a considerable 

distance on the caudal aspect of the hemisphere finally 
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giving place to the retrosplenial region of the neocortex. 
Its characteristics can beet be demonstrated in sections 
horizontal to the hemisphere (Fig. 214). The 6 laminae are 
clear and correspond fairly closely with those defined by 
Lorente de Vol  in the mouee. They are as follows: 

I. The plexiform or molecular layer is fairly wide. It 
contains occasional tualform or multipolar cells 
representing the horizontal cells of Lorente de No. 

II. A narrow layer of rather closely packed medium sized 
polygonal or star cells, generally oriented perpendicular 
to the surface. and not sharply separated from the IIIrd 
layer. This layer is best marked medially (adjacent to the 
sublealum) and laterally (adjacent to the rhinel fissure). 
In both these situations the cells show a tendency to clumping. 

layer is much leak distinct in the intermediate realm. 

A brood loYer fusifors or polygonal cells, more 
widely spaced, and corresponding to Lorente 's superficial 
pyramids. Deep to the cells is a narrow almost cell free 
zone, 	nt.'s layer /Its (Ca jai s 4th). which contains the 
deepest art of a dense fibre plexus which extends throughout 
the IIIrd layer. 

IV. 	A thin layer of rather large fairly widely spaced 
polygonal cells (Fig. 25). They are the largest cells seen in 
this cortex and form Lorentes layer of deep pyramids or 
Cajon' "horizontal spindle cells". 
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V. A broad layer of close-packed small cells, many 
resembling granule cells. These are Lorente's small pyramids 
with. recurrent axons. 

Vt. An 111-defined layer of very widely spaced large or 
medium polygonal or polymorphic cells. 

Oily characteristic ortical area is fairly uniform 
in str ►cture but could te divided into medial, intermediate and 
laterel areas corresponding approximately tO Lorente's Areas A, 

d C on the basis of the otoarchitectural differences in 
Ynd 	 er, 

Olfeeto 
The 

1953) 

tie rAt 

e end diffe rent.iation of the olfactory tubercle is 

scmie proportionto the developmen 
• although macroscopically at least 	is 

ature of the anosmatic porpoise (Brea 'mach 

the earliest studies was by Calleja (1693) 

who besides describing the islets which are named after him 
described the three mein layers which have formed the basis of 
all subsequent descriptions Vixt (1) outer or molecular, 
(ii) pyramidal (large and medium cells) and (iii) the plexiform 
or polymorphic layer, It was desoribed for a large series of 
mammals by Beccari (1910) and by Cajal (1911) in the cat, dog, 
rabbit, mouse and man. Among later accounts are those of 
Ourdjian (1925, rat), Loo (1931, opossum), 'Young (1936, rabbit), 
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Fig. 26. A drawing of the ventral surface of the coypu brain 
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cytoarchitectonle study of the brain: (For abbreviations 
see p. i94-) 
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Humphrey (1936, bet) and Crosby & Humphrey (1941, loan). 

The islets of Calleja are its most striking feature and 

es Cajal (1911) pointed out, apart from them, the structure 

is very similar to that of the piriform cortex. Gurdjian 

counted 12 islets in the nit and there is often one wiAch is 

particularly large on the medial aide close to the nucleus 

accusibens (Loop 1931; Crosby & Humphrey, 1941). Many are 

made up of small "granule" cells in which nothing but the 

nucleus can be seen in Nisei preparations but others contain 

small pyramidal or polymorphic cells. No-one has offered a 

satisfactory explanation for these extremely odd masses of 

cells; they vary greatly in shape and size and are so sharply 

defined and so different from their surroundings as to suggest 

►wths. The appearance of the smaller cells 

ed proliferation of glial cells, but Cajal 

reparation seems to have confirmed that 

which discharge by fine axons into the 
erlying white matter. 

Although the de 

different mammals the molecule  

nation varies in 

pyramidal and polymorphic 

layers can always be distinguished 	Slight histological 

differences (e.g.. presence or absence of clumping and 

corrugation in the second layer) have enabled some authors 

distinguish different regions, descrrbed as anterior. 

intermediate or posterior (Cajal. 1911) or medial, intermediate 

and lateral (Young, 1936). Humphrey (1936) describes an 

anterior less differentiated and a posterior more highly 



differentiated region corresponding with caja s anterior and 

intermediate regione, tithin the latter she distinguished 

medial, intermediate and lateral portions. 

Beecarl (1910) was doubtful it the tubercle received any 

secondary olfactory fibres, but most authors state that fibres 

from the lateral and sometimes intermediate olfactory tracts 

can be traced into the molecular layer of at least its 

antero.lateral part, It may be noted that it is just this 

antero.lateral part which, in the onoomatic porpoise, seems to 

have lost the characteristic structure of the olfactory 

tubercle (Breathnach, 1953). It is also connected to the 

septum, to the medial fore brain bundle (Morin, 1950) and the 

olfactory commiseural component of the anterior cosaiesure 

(Humphrey, 1936; Pox, Fisher & Desalva, 1948), 

The characteristic molecular pyramidal and polymorphic 

layers can be recognised in the coypu. They are continuous 

laterally with the corresponding layers of the piriform cortex, 

and are of a similar general character (Pigs. 27 to 29). The 

cells or the pyramidal layer however are smaller, more rounded 

and stain less deeply, The nucleus aocutbens le deep to the 

polymorphic layer and separated from it by the finely 

myelinated fibres of the medial tore brain bundle (Pig. 29).  
Two main regions can be recognised antero-lateral and 

poe ro.medial, In the former the pyramidal (2nd) layer is 

greatly corrugated and contains dense clumps of cells. 

Postero.medlally oellular density is much more uniform rind 
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there are no corrugations, so that it is such more like 

plriferm cortex than the rest of the tuberele. 

The islets of Calleja are very conspicuous end can be 

found in all the layers. Some extend to the pial surface very 

like the one illustrated by Cajal (1911) from a cat (hie 

rig. 4650. A particularly large island is usually seen close 

to the:nucleus aecumbens on the medial side. Although many of 
the islands consist of very small 0.11$, superficially like the 

proliferated ependysal or ;Pal cells which are found along the 

course of the obliterated olfhetory ventricle, some are 

obviously composed of very sash fusiform or polygonal neurones. 

In spite 	 due to a varied terminology a 

urvey of the literature shows a large measure of agreement 

the cell masses and fibre connexions of the septua. 

differentiations ere a large celled medial nucleus, 

lied lateral nucleus and bed nuclei of the 

hip 
	

1 end anterior comeissuree. Certain other nuclei 

not 
	

included in the septum, sueh as the nucleus .01* the 
band and the nucleus secustbensa  are usually described 

his region, and Bowlines the caudo-aedial part of the 

#interior olfactory nucleus and the anterior hippocampal 
rudiaent.  

The medial nucleus is superficialii pawed in the rostral 

part of the septua (Humphrey. bate  1936; Brestbnachip porpoise, 
2953 and Lohmenn, guinea pig, 1963) where it is closely related 
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to or continuous with the medial part of the anterior olfactory 

nucleus and the anterior hippocaapal rudiment, Caudally and 

ventrally it is more or less continuous with the nucleus of the 

diagonal band. It consists of large cells, although some 

authors divide it into large and small celled parts, the small 

cells being more rostrally situated (Loos  opossum, 1931; Paz, 

cat, 1940) 	Young (1936) in the rabbit found the larger 

celled pert rostrally„ 

The lateral nucleus is usually larger and is bounded 

ally by the ventricle and separated below free the nucleus 

secunbens by a oell free son* as described for the rabbit by 

Young (1936) 	Again sone authors have subdivided this nucleus, 

usually into dorsal and ventral parts (Lou, 1931; Andy 

Stephen 2959 and 1961, in the Wage and in Sorields.). Its 

cells are small or median in six, and fusifora or, polymorphic 

in character 

The bed nuclei Of the 	a consist of eaall.cells, 

1959) probably belongs to this category 	t la a rather 

striking triangular mass of sash cells seen 	 ransverse 

sections ventral to the hippocampal cu miser r and between the 

oolunns of the orz h, Rostral to it a dorsal septal nucleus 

(Leo 1931) or group of nuclei (Andy & Stephan, 1959) has been 

described in scree forms but does not appear to have received 
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general recognition. 

The nucleus accumbens sopti is an, extension from the 

head of the caudate nucleus below the ventricle into the septal 

region, Herrick (1924) and a number of other authors name it 

as a septal nucleus but it appears to be essentially a part of 

the corpus striatum (Goldby, 1934; CroebyALAL., 1962). 

The nucleue of the diagonal band was described by Proca in 

1879 and has since been recognised by many authora (e,g• 

Johnston, 1923, rabbit; Craigie, 1925, rat; Loop 1931, 

opossum; Breathnechp 1953, porpoise, and many others). 

Young (1936.) describes it very clearly in the rabbit as a bear•► 

shaped mass of cells beginning caudoventrally in the septum 

near the median plane and reaching forwards' as far as a giant 

islet of Calleja close to the nucleus accutbens. It extends 

ventrally and laterally across the base of the brain behind 

the olfactory tubercle to the anterior amygdaloid area. 

It contains very large °elle like those of the medial 

septal nucleus with which it is sometimes continuous 

(Breathnach, 1953), end is accompanied by a band or 

fine myelinated fibres 'throughout its course. 

The anterior hippocampal rudiment gencrally consists of 

a layer of medium sized cells, sometimes broken into 

discontinuous groups, which extends from the anterior olfactory 

nucleus in a dorsowcaudal direction to the genu of the corpus 

cslloeun to become continuous with the indusium• It may also 

extend for a short distance ventral to the genii as the septa+ 

hippocampal nucleus (Humphrey, 1936)• 
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In the Primates and perhaps in other mammals with great 

neocortical expansion and a correspondingly large corpus 
callosum, the upper part of the septum is stretched between 
the lbrniz and the corpus calms. This is the "septum 
pellucidue of human anatosy (Elliot Smith, 1895), In this 
region the apace in the median plane between the two hemispheres 
is the "eaves" of the septum pellucidum which may be open 
rostrally as in the cat and macaque or closed as in man 
(Thompson, 1932) 

The cytoarohitectural differentiationin the septum of the 
oypu is not very marked 
o that of other mammals 

i can be seen distinct 

Its structure is clearly similar 
by no means all the smaller 

Elaborate subdivisions such 
made by Andy & Stephan (1959) in Galago would be very 

+t fficult to justify 
edial and later* 

such larger than the forme 
definitely magno-oellular in t 
ventrally on the medial tweet of 
which it is separated by islands of 
islets of Calleja 	It is never clearly defined, It, abuta 
ventrally on the o ao 	tubercle and can be followed 
caudally on the surface become continuous with a well 
developed nucleus of the diagonal bend which is similar to hat 

of other mammals, Its cells are multipolar and *ale 

generally large vary considerably in size. It is accompanied 

teinly presen 
The medial 

he latter 
leus is 

era rootrally and 
us accumbens, from 
ells resembling 
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by the diagonal band fibres which are finely myelinated and 

stain poorly in the Loyez preparation*  tore rostrally the 

large cells of the medial septal nucleus are also accompanied 

by vertically oriented fibres which appear to run between the 

septum and olfactory tubercle* 

The lateral nucleus forms the greater part or the septum 

and is situated dorso.laterally adjacent to the ventricle and 

above the nucleus sec:cabana* In front of the lamina terminal's 

it fuses over a considerable area with its fellow of the 

apposite side. A few larger cells in the median plane in this 

region may represent a caudal remnant of the medial nucleus or 

possibly the beginning of the nucleus of diagonal band*  The 

cells of the lateral nucleus are medium in size except in its 

caudal part where they are smaller and more closely packed 

adjacent to the fimbrie as the latter approaches the hippocampal 

commissars*  This part may represent Loo s (1931) nucleus 

fimbrialis septi. 

The bed nucleiof 	 cci►u s are poorly represented 

and indeed around the anterior commissars no concentration 

of cells can be made out. There is some concentration of 

small cells around the hippocampal coamicaure most marked 

dorsally and ventrally*  in the latter situation they extend 

down between the columns of the fornix and may represent a 

nucleus triangalarts*  

Rostrally and ventrally*  the anterior olfactory nucleus 

Comes into relation with some groups of medium sized cells at 

the caudo.ventral border of the neocortex of the frontal pole. 
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These cells can be traced with some difficulty along the 
border of the neocortex to the genu of the corpus callows 
where they become continuous with the cells of the indusiun 
aims. They represent the anterior hippocampni rudiment. 
No clear septofthippocampal nucleus ventral to the germs can 
be identified. 

&MAU 
The position of the emygdala has been described (pp.26 &27) 

and its surface extent is illustrated in Fig. 3. The 
classification and terminology of its nuclei is based on the 
wori-. of Johnston (1923) 	Johnston thinks that many of the 
amygdelold nuclei were formed by en ingrowth from the loner 
border of the piriform cortex in the region of the endorhinal 
mime (usually referred to as the anygdalold fissure at this 
level) s, the cells which remained superficial medial to the 
sulcus forming a cortical amygdaloid nucleus. lie thinks 
that this nucleus and the nucleus of the lateral olfactory 
tracts, also superficial in position, and the more deeply 
situated central and medial nuelei are phylogenetically older 
then two other nuclei which be referred to as basal and lateral. 
Later workers (e.

II 
 g Crosby 6 Rusphrey. 1914) refer to these 

nuclear groups si cortleo.medial and baso.lateral respectively. 
The corticossedial group appears to be more .intimately related 
with the stria tereinalist  and the baso.lateral group with the 
anterior oemaissure (Thaphrey, 1936) but the question of their 
relative phylogenetic age is doubtful 'because it is difficult 



to establish the homologies of the individual nuclei in 
sub-aansallan vertabrates• 

Among the mammals the arrangement of the amygdaloid•nuclei 
is remarkably uniform end no clear phylogenetic trends can be 
recognised. Crosby & Humphrey (1914) in their study of the 
human smygdala were able to identify the base-lateral and 

oortioo-medial group and to use the same terminology as for 
sub primate mammals. .It is usual also to include in the 
amygdala a third or-, anterior group (Pox, 1940) consisting of the 
nucleus of the lateral olfactory tract, an ill-defined anterior 
amygdaloid area and certain intercalated masses of cells. 	The 
nuclear subdivisions can now be described in terms of the 
groups.specified 

PAIVA9r; VP4P 

imatraLtausaggaigajcsa This term ryas first suggested 

by 	 j an (1928) for a diffuse region which he identified in 
the roetral extremity of the aaygdeloid complex of the rat brain. 
Johnston (1923) apparently did not recognise it as distinct 
from the central nucleus in the human foetus. It does not 
appear to be present in the bat (Humphrey, 1936), has fair 
representation in the rabbit (Young, 1936), guinea pig 
(Johnson, 1957), end the cat (Pox, 19140), and has a considerable 
extent in the shrew and in man (Crosby & Humphrey, 1941 194) 
Lying Suit dorsal to this area and extending for a short 
distance caudally, two or three groups of small cells are found 
which. Johnston (1923) named "intercalated masses**  They have 
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been identified by many workers, e.g. Pox (1940) in the oat, 
Brodal (1914.7h) in the rat, and Johnson (1957) in guinea pig. 

is the coypu brain this diffuse area is seen in the 
rostrel extremity of the weals  (AAA, Fig. 30) lying between 
the central nucleus dorsally and the lateral olfactory tract 
ventrally. It is bounded rostraily by the deep layers of the 
olfactory tubercle, laterally by the claustrun, medially by 
the diagonal band, and ventro-medially by the nucleus of the 
lateral olfactory tract. it is composed of scattered small 
cells which have not differentiated into the wolii141=e1Atuad 
nuclear masses characteristic of the caudal part of the amygdala. 
Dorso-medielly two groups of cells can be seen which represent 

the intercalated masses (Pig 31) 	They lie just medial to 
he central nucleus (I in Pig. 30) and disappear caudally 
here the lateral nucleus begins. 

The Quolett. of a Asters .elfactary %Net, shows a wide 
range of variations in the mammalian series. Gurdjian (1928) 
described for the rat dorsal and ventral, and Young (1936) for 
the rabbit medial and lateral parts; Crosby & Humphrey (1914) 
described an extremely minute representative of this nucleus 
in the microssatie hunan brain, Breathnach & Goldby (1954) 
were unable to find it in the axiomatic porpoise. 

In the coypu it is formed by a well delimited group of 
deeply stained dells under the media]. border of the lateral 
olfactory tract (Fig. 26) and lying between the diagonal band 
medially and the anterior amygdaloid area laterally (Fig. 30). 
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30. Drawings prepared by projection from 6 transverse 
sections through the amygdala from the rostra (No. 1) to 
near its caudal end (no. 6). Levels 1, 3. 4 and 5 correspond 
to the photographs shown In Pigs. 31. 32, 33 end 34 
respectively. x 5. 



with the piriform cortex, 
in the coypu the corti 

caudal continuation of the nuc 
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Sometimes two rounded masses instead of one, as described above 
by Gurdjian (1925) for the rat, can be identified. RostrallY 
it is continuous with sole diffusely arranged cells beneath 
the lateral olfactory tract which become indistinguisheble 
from the medial border of the piriform cortex or the lateral 
border of the olfactory tubercle. Caudally it is gradually 
replaced by the cortical amygdaloid nucleus. 

051,49c-pedital 'romp 
In this group are included the cortical nucleus, the 

cortico-eaygdalold transition area, the medial and central 
nuclei, and the bed nucleus of the stria terminalls. 

lena  was found to 'be well developed in 
vied including Van (Crosby & Humphrey, 1941) 

so in he bat (Humphrey, 1936). A molecular layer, 

a layer containing pyramidal cells and an underlying sone of 

scattered cells give justification for classification as a 

cortical formation. Laterally it is continuous through the 

cortico-amygdaloid transition -area in the aaygdaloid fissure 

ly as a 

actory 

tract, and is caudal to the nucleus o the diagonal bond. 

Caudally it lies entirely within the U.shaped anygdeloid fissure 

(Fig. 36). Laterally lies the cortico-amygdaloid transition 
area which is a mass of intermingled pyramidal and polymorphic 



Pu. 

is 

Cx. P i r. Te m . 



)'ig, 33. Transverse 
seeti*In caudal to th-yt ol 

32 to s) n th#:: tat)dial •  
lIrtf:Tal testa 
co2ht1c$11 waygdalAd nuclA. 

., ,ompeirt, with A.g. 30 (4). 
Tluidine bluc, •8.5. 

? g. 31. Transvvrse 
sect An at the level oi 
the rostral pp.rt of thc 
temporal piritorm cortex 
aLu si,m in the central 
114 -4gdulcold nue/elle zd 
IntclIcalatt'Ai atvoes. 
Aoppre with 	30(1). 
TA.uldim blue, 8.5. 

*V* 

Fig. 32. 7ranaverse 
seetton at a level caudal 
to thrlt or 	31 sho'cing 
tiv2 crtrni, lateral find 
cortical putvgdalold nuclei. 
-ote tho two psrts or the 
Uteral nucleus (compere 
with Fig. 30 (3), 
Ttluldine blue, X az. 



4IYI 82 SO 

cells in the amygdaloid fissure between the cortical nucleus 
and the piriform cortex, kledially it is separated by the 
medial limb of the aaygdaloid fissure from the medial aaygdaloid 
nucleus and the subiculum. It caudate of large deeply stained 
*ells arranged in three laminae sore or less similar to those 
of the piriform cortex, except that the pyramidal cells are 
not so closely packed (Pig. 33)•  Dorsally the deeper layers 
of the cortical nucleus cannot be distinctly separated from 
the basal nucleus. 

The imediaj nitc1,118 forms the wentromedial border of the 
amygdala and has been described by all authors working can 
ammallan brains 	Gurdjian (1928) describes it as extending 
hroughout the whole antero-posterior length of the amygdala 

in the rata and it has been found to be quite large in such 
mammals as the cat (Pox, 1940) and the bat (Humphrey. 1936). 
It is well differentiated in primates as described by Crosby & 
Humphrey (19141)1 however*  Breathimach & Goldb7 (1954) found 
that in the porpoise it contains fewer cells than in most 
mammals, 

In the coypu it is first seen Just roatrai to the level at 
which the cortical nucleus appears but it does not extend as 
far caudally. Its most rostral end is not clearly outlined 
as it fuses with the anterior aaygdaloid area and the cortical 
nucleus (Pig. 31). Here it is very close to the pre-optic 
region which lies medial to it (Pig, 32), Caudally its 
outline becomes more definite and it can be distinguished from 
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thecortical nucleus because of the difference in cellular 

architecture (Fig. 33). The medial nucleus consists of 

densely packed lightly staining, medium sized multipolar cells. 

Dorsally it is close to the cells of the bed nucleus of the 

stria terminal's and the central nucleus: Laterally, the 

basal and lateral amygdaloid nuclei are round (Figs. 30 and 33)• 

At more caudal levels it blends with the cells of the subiculum. 

TOE "AMa wicleux  is de :ply situated and begins at the 
most roetral extremity of the amygdala. It can be identified 

easily because of its characteristic relation to the putamen 

which lies dorsal to it. Medially the central nucleus is 

continuous with the caudal end of the bed nucleus of the stria 

erminalis as described by Johnston (1923). It has been seen 

all *annals examined e.g. the rat by Ourdjian (1928) and 

(194M), the cat by Fox (1940), end man by Crosby et 

hreY (1941) 	Dreathnach A Ooldby (1954) found that the 

ral nucleus ixx the porpoise is perhaps larger than in 

sates. Its neurones resemble those of the putamen and 

boundary between the two is difficult to define; the 

putamen however is richer in myelinated fibres. 

in the coypu the central nmeleue is large and easily 

recognised, applied to the ventral surface of the putamen in 

the characteristic manner. It is one of the first 'sit 

defined nuclei to appear dorsal to the anterior azygdaloid area 

and intercalated masses (Figs. 30 and 31). Caudally it becomes 



smaller and shifts medially as it is squeezed by the enlarging 

lateral nucleus ventro-lateral to it (Pig. 32). It 

disappears at about the level of the middle of the lateral 

nucleus. It is composed of medium and small sized cells like 

those of the putamen from which it is difficult to distinguish 

St rostrally. The putasen however, is broken up by many 

bundles of projection fibres which give it the characteristic 

appearance of the corpus striatum. Ventrally and medially 

it fuses gradually' with the anterior amygdaloid area and the 

bed nucleus of the stria terminalls. 

the bead citeuts of stye Iptungui  is the mass of gray 
matter which extends from the antero-nedial fore-brain area to 

the amygdslap.in which the stria is embedded. Johnston (1923) 

seems to have regarded it as one of the primitive olfactory 

centres. The thickening of the internal capsule in *annals 

has brought about a reduction of the middle part of this gray 

to very small dimensions. According to Johnston the medial 

and central emygdaloid nuclei develops from its caudal part. 

It has also been described in most other studies of the 

mammalian amygdals, 0,43. b 
(1936) and Humphrey (1936). 

In sections of the coypu brain, the,bed nucleus can be 

seen only for a short distance where the central and medial 

nuclei occupy the dorso-medial border of the amygdala (Fig. 33). 

It appears as a dorsal continuation of the medial nucleus, and 

in so close a relation with inner surface of the centrel nucleus 

jian (1928) Leo (1931), Young 
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that the arrangement at once recalls Johnston's interpretation 

mentioned above. 

so.late,70 group  

The Meralt  *aqua  is the largest and longest of the 

amygdaloid nuclei in the rat, rabbit and eat: and in most 

mammals awes found to be well developed and closely related 

with the more ventrally situated basal nucleus, It has been 

divided by Young (1936) for the rabbit into two parts, 

anterior. (dorsal) and posterior (ventral). Brodal (1947b) 
for the rat, and Johnson (1957) for the guinea pig made a 

similar subdivision. in the rabbit, however, Young found that 

the anterior part contained large cells while the posterior 

art was 	Brodal and Johnson found the reverse 

edition. There is some doubt in the winds of Ourdjtan (1928) 

and Prodel (1947b) concerning the Unit between the lateral 

and basal nuclei in the rat 	Gurdjian mentions that a 

conspicuous transverse fibre bundle infiltrates the ventral part 

of the lateral nucleus. Brodal on the other hand takes these 

bundles to mark the boundary between the lateral and basal 

nuclei. Consequently Gurdjian's lateral nucleus is much 

larger than that described by Brodal who defines the caudal 

part of Gurdjian s nucleus as his lateral magnoi-cellular part 

of the baeal nucleus. Pox (1940) in his description of the 

Oat brain also points out that the lateral nucleus has a 

striate appearance due to the fibres running through it to 

assemble in the anterior eommissure. In man and in the shrew 



Fig. 37. A tranoveme section Rt the level of the caudal third 
of the soygdala. 3.otc thc, quadrilateral appearance t the 
lateral nucicAls; th(- ltirgest e  well delineated, and. most easily 
defined of all the anygdnloid. The cortico-amygdaloid 
traLsitim area•is clearly shown. Toluidine blue. 8.5*  

).( 
ig. 38. A transverse section neighbouring that eirown In 

Pig. 37 stained by Loyez (:e4gert) method. The myelinnted 
fibrs marked (I.) which lie between the lateral ond basal 
amygdaloid nuclei join the external Capsule and Some reach the 
/longitudinal asvociation bundle'. Very fine fibres (X) can 
just be seen passing forward to reach this bundle, X 8.5. 
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Crosby & Humphrey (1941, 1944) find that the lateral nucleus 

merges cranially and caudally with the basal nucleus without 

any distinct transition. 

In the coypu the lateral nucleus first appears at the 

level of the caudal part of the anterior anygdalold area lying 

between the external capsule and elaustrum laterally, and the 

Central nucleus and putamen dorso-sedially. It is the ltrgest 

and best defined of all the amygdaloid nuclei. Caudally it 

becomes =Oh larger, spreading out dorsally and medially and 

acquiring a quadrilateral outline (Pigs. 30 and 36). AS a 

result, the central and medial nuclei are *guessed dorsally 

and ventrally thus leaving the stria terminally; to form its 

medial boundary. 

Two parts of the lateral nucleus can be recognised, a 

magno-oellular ventral pert and a parva-cellular dorsal part. 

The magno-cellular part extends throughout the whole length of 

nucleus and is often called posterior; it is intimately 

associated with the basal nucleus so that it is sometimes 

difficult to define the boundary► between them (Pig. 33). The 

parvo-cellular part which is often called anterior is much 

smaller and its rostro-caudal extent is shorter that', that of 

the magno-cellular part which forma the whole caudal extremity 

of the lateral nucleus. It Is worth noting that the 

conditin in the coypu so far as the else of the cells in the 

two parts is concerned, is similar to that in the guinea pig 

and rat and the reverse of that in the rabbit. In accord with 
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the findings of Fox and Gurdjian, the ventral part of the asigno-

cellular division is infiltrated by transverse myelinated fibres 
that give it a striate appearance (Figs. 30 and 35). They 
probably represent the f ibres which join the 'longitudinal 
association bundle' of Fox (1940). 

.asal nuc4eus is divided into a larger.selled lateral 
part, close to and sometimes fused with the lateral nucleus, 
and a smaller...celled part which is medial in position. 
An accessory basal nucleus is described in detail by Humphrey 
(1936) in the bat where it seems to be quite large and extensive, 
occupying a position medial to the basal nucleus rather than 
lateral to it as in the opossum (Zohnston. 1923). Appearing 

caudal to the putamen in a position medial to the basal 
nucleus and dorsal to the cortical nucleus, it extends as far 
backwards as the caudal pole of the hemisphere. Large basal 
and accessory basal nuclei have been described for the 
macaque (Lauer, 1945) and foram (Crosby& Humphrey. 1941). 
The accessory basal nucleus le not well differentiated in the 
rat (Brodal 1947b), and in. the rabbit (Young, 1936). and is 
entirely lacking in the eat (Fox, 1940): 

In the coypu the basal nucleus is first seen at about the 
level of the middle of the amygdala ventromedial to the lateral 
nucleus. it extends to the caudal limit of the amygdalas 
Throughout it is bounded medially by the mttdial nucleus and 
ventrally by the cortical nucleus (Fig. 36). Laterally it 
abuts on and partially fuses with the cortico-amygdaloid 



transition area. Thus the basal nucleus, through the 
intermediation of the transition area, is in cellular 
continuity with the piriform cortex. 

The basal nucleus can be divided into the two sub-
divisions described by other authors. A lateral magno-cellular 
part is in very close relation with the posterior magne-cellular 

.be 
part of the lateral nucleus, and can only/differentiated from it 
because of its slightly larger and darker cells,. The medial 
part which is formed by medium sized cells that are widely 
dispersed cannot easily be limited from the cortical and medial 
nuclei ventrally, It is doubtful howevere, if cytoarchitect-
urally there is any real Justification for, including the 
parvoutellular.part of the basal nucleus in the basso -Lateral 
group. It appears very similar and more closely related to 
the cortico-aediel group (see Discussion) 	Medially it is 
Very difficult to identify an accessory basal nucleus but there 
is a suggestion of one lying rostrally dorsal to the cortical 
nucleus Of in Pig 
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samn osemmixoNs ON T4E twasurion OF CHOLINEST RASA Ifl 

JABAL RHINEVONIALIC mucTum  

Apart from its interest in relation to the prdblems of 

synaptic transmission. methods for the histochemical 
localisation of acetylcholinesterase (ACIIE) have proved a 
useful technique for the differential staining and identification 
of parts of the central nervous.  system. Koelle (1954) gave 
the first comprehensive description of the distribution of 
the enzyme lathe brain of a mammal. the rat, With some 

exceptions this work was confirmed by Sbzte & Lewis (1961). 

Siallar Observations were made by Ischil (1957) in a number of 

rodents by Oerebtsoff (1959) and by Folder ja.a. (1962) in 

can, The method has also been of value for the identification 

of groups of cells and fibres which ere difficult to stain 

differentially by the classical techniques. For example. 

Shute & Lewis (1960) were able to identify the salivatory 

nuclei in the brain stem or the rat on account of their high 

AChR activity and their relationship to the cholinergic fibres 

of the nerves intermedius. 

The power of this method has bean greatly creased by 

the discovery that it can be applied in experimental material 

to determine the polarity of groups of fibres and therefore 

the direction in which they conduct.. In 1957 Lewin a Hughes 

put forward the hypothesis that ACNE is synthesised in the 

perikaryon and transported down the axon to be released at its 
terminals. Later they showed that after division of an axon 
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en accumulation of enzyme could be demonstrated proximal to 

the lesion (Ilughes & Lewis, 4fature, 1961). A fuller account 

of the use of this finding for determining some of the 

connexions of the amygdela and hippocampus was given by Chute A 

Lewis (1961) who emphasise not only the proximal accumulation 

but also the disappearance of AChE distal to a lesion. In 

1963 the same sAhors published a description of the Ach:,: 

containing systems of the ratts brain in 'Lich observatit;ns 

made in normal and experimental material were combined* 

In this way they were able to arrive at a comprehensive 

description of the fore-:brain component of the reticular 

formation in this animal. 

Before describing the distribution of AChE in the 

individual parts of the coypu brain some general features of 

the results should be pointed out. 

The characteristic's of the staining Vary in different 

of the forebrain. In some, such as the caudate-

no  the staining is so dense that it is difficult to 

determine its exact localisation, that is, whether the staining 

is primarily in the perikaryan or in the surrounding neuropil. 

In other situations, e.g. the medial septal nucleus, 

localisation to the perikaryon 'and its processes is precise, 

so that the neurones stand out clearly from their surroundings. 

The incubation time has a considerable effect on the 

results. St has been found (Shute & Lewie, 1960, 1961) that 

a short incubation ensures high selectivity for sites of high 



enzyme concentration. They give periods of 1+ to 4 hours 
as optimal for sections between 100 x and 25 p in thickness, 
the thicker sections requiring the shorter time. This was for 

the rat. For sections of the coypu brain ranging from 60 1.• to 

100 p. somewhat longer periods appeared to give optimal 
results, namely 4 to 7 hours inaubation* Periods of 17 hours 
were also tried and this led to a very dark staining often 
rather diffuse. Wevertheless the main features of the 

distribution of the enzyme are s omeitimes shown very clearly and 
comp of these long-incubation specimens have been used for 
illustration. It is obvious however, that in such specimens 
the negative observations will be sore reliable than the 
positive.  

Results are also complicated by the existence of true or 
specific acetylcholinesterase (AChE) and pseudo.- or non- 
specific cholinesterase (Cle). 	s thlocholine technique 
which has been used in the work to be reported here, reacts 
with both, but the activity of the ChB can be prevented by the 

use of inhibitors (e.g. ethopropasine, Bayliss & Todrick, 1956, 
quoted by. Shute & Lewis, 1963) which have not been used.  

However, ChS is usually thought to be located mainly in the 
blood vessels and glia so that it could be assumed that its 
presence will not affect the picture obtained of the 
distribution of ACM in the structures studied in this thesis 

to an isportant degree* It must be pointed out however that 
Shute & Lewis (1963) have shown that both AChB and ChB 
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containing neurones do exist in the rat's brain. The 

situation may well be similar in the coypu but in the rat the 

ChE containing neurones were found principally in the thalamus 

and outside the field of this investigation. The only neurones 

of this kind relevant to the present work are the cells of the 

interstitial nucleus of the hippocampal commissure in the septum 

and of the islets of Calleja In the olfactory tubercle, both of 

which contain ChE in the rat (Shute & Lewis, 1963). 

With these reservations in mind the results can now be 

described. It suet also be realised however that they are 

based on the study of only two brains. One of these is 

completely normal and all the sections were incubated for 4 hours; 

in the other the left olfactory peduncle had been completely 

divided a little rostra to the olfactory tdbercle 5 days before 

the animal was killed. There is considerable damage to the 

overlying frontal lobe. The right hemisphere of this spelimen 

is not directly affected bar the lesion. Sections from this 

experimental animal were incdbated for varying times, 4*  7 er 
17 hours, 

OlractorY 	.An R2414A9 2  

In the normal brain with 4 hours 1ncnbatian all the 

see one from these regions were coupletely negative 

Positive results were Obtained from the experimental brain with 

incubation times of 7 and 16 hours. It is not possible to say 

how far these positive findings are the result of the operation 

or of the longer incubation times. It le probable that the 
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latter are sore important and the reason for saying this is 

that the findings are similar to those of other investigators 

in the normal olfactory bulb of other rodents (Shute & Lewis, 

1963; /schil, 1957). 

In the experimental brain on both right and left sides 

there is fairly deep staining in the glomerular layer and 

in the perikarya of the *Ural cells. The superficial layer 

of olfactory nerve fibres is completely negative as were the 

cells of the inner granular layer. Moderate staining is present 

in the outer and inner plexiform layers and in the tufted or 

displaced aitral cells. The fibres fro the olfactory 

croamissural coaponent in the central part of the bulb are 

negative. The distribution of stain in the accessory bulb is 

similar although the layers are lees distinct. 

In the peduncle there is a little staining in the neuropil 

of the anterior olfactory nmeleue and in some of the fibres of 

the olfactory tracts on the surface. Although in a mciority 

of the sections the staining is slightly heavier on the normal 

(right) side than on the left, the difference is not consistent 

actions and cannot be considered significant. 

rt of this description is based 

froa the normal brain incubated for 4 h 

Piriform find entorldnal carte; 
The frontal part of the piriform cortex is entirely 

negative but some very faint staining can be seen in the second 
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Pig, 39, 	transverse section 
stained by Koelle techni(7ue. 
rote the densely stained 
olfactory tubercle, nucleus 
accumbens and corpus 
striatum, Y 6 (section 
ro. 17; 80 0 

ig. 40. A transverse section 
at the level of the middle 
of the septum showing 
intcpse staining of the 
4iagolul band and the medial 
3epts1 nucleus, The mvdial 
fore-brvin bundle and 
olfsctery commissurel 
component do not stein, 
roelle, .X U (section t,o. 20; 
100 p) 

1. 4. A transverse section 
caudal to thnt ahem in 
Fig, 41, Stam=ttpt the 
staining of the nucleus or 
the diagonal bend 4nd 
anterior smygdsloid area is it 
the periknryon of the cells. 
be bed. nuclei of the stria 

terminslis and anterior 
commissure also stain, 
olle, x 4.5 (section 1 
A.; 80 p) 



- 97 - 

or pyramidal layer in the temporal region. The picture 

changes abruptly in the entorhinal area where the second layer, 
formed by closely packed polygonal cells, shows quite distinct 
but diffuse staining (Pig. 46), In the third layer (the layer 

of superficial pyramids) an occasional cell stains well; the 
fourth layer shows quite definite tttzt somewhat diffuse staining. 
It is clear that the entorhinal cortex differs from the piriform 
not only in its cytoarchitecture but also in its AChE activity, 

Olfactory tVbereps 

The olfactory tubercle shows staining which is comparable 

in intensity to that of the caudate putamen (Pigs. 39 and 40). 
It is diffuse and in the neuropil rather then in the perikarya, 
The staining is particularly intense in the islets of Calleja, 
which on this account stand out very clearly. These are 
structures which may contain ChB instead of or as well as 
ACht (Shute & Lewis, 1963). 

Septun and disconpl Vend 

The large cells of the medial eeptal nucleus stain deeply 
and the stain is quite clearly located in the perikaryon and 
its processes, The nucleus of the diagonal band consists of 
similar cells which stain in the same way (Pig. 40). The 
fibres of the diagonal band also stain and in some cases it 
seems possible to trace them to the cells or the medial septal 
nucleus. 

The lateral septal nucleus shows little or no staining and 
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\ - N 01- 
Fig, 42, A transverse sectim at the level of the aLterior 
commissare (which does not stain by this rcthod) showing 
stainiiv in some fibres of the atria terNinais, 	ote 
intense staining of the nucleus or the latervl olfactory 
tract, 	Koelle technique. X 4.6 (seetin 	80 p)• 

8.pi. St. 

iig. 43. A transverse section to show thc- staining of the 
bed nucleus of thy stria snd its closely associnted central 
at4gdaloid nucleus. Note the intense stainin in the large- 
celled ventral part or the lateral nucleus, 	':oF-41e. method. 
:A 5.5 (section 25; 120 1 
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the ease applies to the fibres of the precommissural fornix 

system. A little very faint staining can be seen in the 

region of the hippocampal coasissure which may represent a 

positive reaction in its bed nucleus. This is doubtful 

however and enough sections are not available to study this 

region more fully. 

The nucleus accutbens stains intensely like the other 

parts of the corpus etriatus (Fig. 39). The stain appears to 

be mainly in the neuropil and not in the perikarya of the cells, 

,R10449  
Anterlov npc14.  The anterior amygdalold area shows 

selective positive staining which is mainly intracellular and 

*taller to that in the nucleus of the diagonal band, which lies 

aedial to it. The nucleus of the lateral olfactory tract 

gives an intense reaction and appears as one or two small 

rounded masses, deeply stained, at the et/ludo...lateral border of 

the olfactory tubercle (Fig, 42) 	The staining is very 

*taller to that of the islets of C lleja. The intercalated 

sasses CO 	not be distinguished and presuma1,17 have not 

skimp:Ilea 	ucleus shores slight 

staining 	 superficial part of the molecular layer bait i►s 

otherwise negative. The principal nuclei in this group • 

medial and central both show moderate diffuse staining. 

The bed nucleus of the stria terminals stains heavily and 

Th 





vig. 44. A transverse 
section in the middle of 
tho amygdala snowing the 

•,. leiterni nRcleus and the 
'such darker basal 

amygdaloid nucleus. 
4,11Coelle method. , 4.5 
700(section to. 27; 80 0 

Pig. 45. A transvf,rse 
section to slim: the latclas1 
and basal amygdaloid 
nuclei which a re Illore 
easily delineated by this 
methods  Vote the- (-Jose 
relation bctwt-en thc b?,sal 
nucleus and the cortico-
amygdaloid trnrsitioL arse. 
Koelle. 	- 4.5 (section 
28; 80 0 

46. A transverse 
section to show the cute-
rhinal cortex which shows 
quits distinct laminar 
staining. Koelle method. 
X 5. (section No. 32; 
80 4 
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mazy of the fibres of the stria itself show quite definite 

activity. A. coamissural, hypothalamic.  and lateral pre-optic 

component, could all be recognised an account of their positive 

staining. (The lateral pre-optic component was called the 

"lateral atrial bundle" by Shute Lewis, 1963, and they think 

.that it projects in the opposite direction to that normally 

described, i.e., from the lateral pre-optic area to the amygdalaj 

In this series the stria terminalie does not appear to have 

stained throughout its course because in the most caudal 

sections at the level of the lateral and basal amygdaloid nuclei 

it could not definitely be identified. 

Baso-140714 AucW.  The basal nucleus shows marked 
staining probably in the perikarya as well as in the 

surrounding noaropil. The staining Is particularly intense 

in its ventro-lateral part where it Is difficult to distinguish 

from the cortico..amdalold transition. area. The latter 

however, does not appear to stain. The lateral nucleus stains 

moderately in its ventral part but rather lest: deeply dorsally 

It shows its typical quadrilateral shape and is clearly 

outlined by the external capsule laterally (which does not 

stain) and by the basal nucleus entrally which stains much 

sore deeply than the lateral. 

The lateral olfactory tract, the medial forebrain bundle 

and all the components of the anterior cosmiasure show a quite 

diffuse yellowish colouration which does not appear to indicate 

any significant reaction with the enzyme. It may be added 
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that the hippocampal formation (dentate gyrus and corms ammonia) 

stains quite deeply and that the stainingextends into the 

aubiculua. The alveus contains some stvined fibres but both 

fimbria and fornix are negative. 

The experimental spec4men M.,X3 

It is appropriate to describe briefly at this point 

results obtained in the single. experimental specimen. As 

already stated the left olfactory pedundle had been completely► . 

divide close to its junction with the cerebral hemisphere 

(Fig. 47) five daYs before the animalwas killed. The results 

in the right olfactory bulb and. peduncles were taken probably 

to represent a normal condition and have been described on 

pages -94 and 95. 

In the hemispheres caudal to the lesion the onlyk 

differ cesisrom the staining in the normal brain were seen in 

the olfactory tubercle and the nucleus of the lateral olfactory .  

tract. On the side or the lesion staining in the afectqry 
ct/w.A. 4,04-044444):1-114-,A. ea.14...At 0-etta4-07- ifie..4 (fey It?) allso-an-tie€. 

tubercle (Fig. 46) 	 Ausiesit. 
.1,-.477e4e1.0x. 

4k reduced or absent as compared with.Ahe.0Y:ositnaideomemoimbs_ 
,,,,x4xLcraf4fy. S-kcei.A'AC 	freet,X4A.4,4. :LAjrailk! 19(µ4, / 	erGLe 

aerfakmasigtopadismoimiths. There was no change in the 

staining reaction of other parts of the basal rhinencephnlon 

on either side of this brain. 
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Pig* 48. A transverse sect 
tr,4.. • 	tor rrl 
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Fie. 47. Diaram of stwittal sectloy ot the left olfactory 
bulb rind pedttncle to show the lesion made in specimen , .13 
which was then processed by the Noelle method (see Pigs. 48, 49). 

Pi fts 490.  a transverse eca1m iut4 caudal t • the 1;-01 elf tory,  tubercle. 

4002410111M10  -tRatz=lftiaQi41' 

-4111111611daswidwatolimtv--‘..a.. 	1.1stietzmoh.4 
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7hile no conclusions can be based on an examination of a 

single specimen, especially as only one normal specimen was 

available for comparison, it seemed worthwhile to record these 
observations which w ill later be discussed shortly in relation 

to the more extensive observations made by the classical 
neurohistological methods, 
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71ZACTS AND CONNEXIONS IN TU pm*. RwtocAraz  LON  

For on account of the literature relevant to the fibre 

tracts and their connexions, it is necessary to take note not 
only of the observations made in normal material but also 

observations made on the basis of experimental degeneration, 
It is only by the use of the latter that the precise origin, 
termination and polarity of fibres can usually be determined, 

It is true that the Goigi technique, by staining the whole . 
neurone and its processes will give some inforc-tion of this 

kind in normal material, but it rarely allows an axon to be 

traced beyond the limits of a single section and is *airily 
useful when shortioaxon neurones (Golgits Type 2) are being 
studied. 

• ,Olfactgri ,t! eta  
pee 1ptereil 

 

tract. It is generally agreed that 

 

the fibres of this tract arise from the mitral cells of the 
olfactory bulb (see p.30 aLasm,) and this has been confirmed 

entally by the observation of retrograde degeneration 
esions of the tract (Allison, 1953a), The fibres in 

the tract are thought to be supplemented by the axons of 
neurones in the anterior olfactory nucleus (too, 1931 and others), 
It is also possible that the axons of tufted cells pass into it 
but this is disputed and eral be discuased fully in connexion 

with the olfactory comaissural component, It is said however 

that both mitral Eind tufted cells can be driven antidromically 

after stimulation of the lateral olfactory tract (Green, Mamie 
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and naumgarten, 1962; Shepherd, 1963).  cone authors describe 

inhibition of the mitral cells and it is not certain that the 

fibres concerned are .centripetal (Phillips, Powell At Shepherd, 

1963; Yamamoto, Yamamoto & Drama, 1963). Followed caudally 

the secondary olfactory fibres form a large lateral olfactory 

tract, and the most medial end superficially in the enter°. 

lateral part of the tubercle although this connexion was not 

found by Cajal (1911). Throughout the length of the tract 

many fibres diverge laterally into the molecular layer of the 

piriform cortex and some can be followed to but not beyond 

the rhinal fissure. In Oolgi.stained materiel, Cajal 

demonstrated that they establish an azo-dendritic contact with 

the pyramidal cells in the plexiferm layer of the piriform 

cortex. This finding was confirmed experimentall, also in 

Golgi material, by Jones & Thomas (1962). Some fibres also 

discharge into the nucleus of the lateral olfactory tract and 

to the cortical amygdsloid nucleus or periamygdaloid cortex. 

Fven in normal material, as described by Humphrey (1936) and 

Cajal (1911), the entorhinal area appears to receive no fibres 

directly from the lateral olfactory tract end this has been 

confirmed experimentally. 

With the exception of a possible contribution from the 

tufted cells the above results have been obtained by many 

investigators, using different histological and experimental 

techniques; they can be said to be firmly established and 

almost certainly to represent common features or the olfactory 



- 107 . 

system in all mammals* Another finding, although less often 

reported, is almost equally reliable and equally probable a 

common mammalian feature. This is the connexions from the 

bulb to the anterior olfactory nucleus* It is indeed probable 

that all ports of this nucleus receive terminations or 

collateral branches of secondary flbren from the bulb and that 

the contacts are again predominantly axo-dendritic. This 

would be consistent with the character of this nucleus as an 

extension into the peduncle of the olfactory cortex of the base 

of the brain. 

The reports of a number of other features of the secondary 

olfactory connexions in mammals are less uniform and often in 

direct conflict with each other. These conflicting reports 

concern chiefly the possibility of connexions with the medial 

and central amygdalold nuclei and the bed nucleus of the stria 

terminalis. Because of the varied potentiality of the 

histological methods used in the discussion which follows 

(Marchi, Glees and nuts), the results Obtained are grouped 

cording tolhe technique. 

The first to be considered are those studies in which the 

classical Warchi method hes been used (e*g* by Cajal, 1911)*  

After ablation of the olfactory bulb no fibres showing 1,:archi 

degeneration have ever been traced to the deeper asygdaloid 

nuclei and the bed nucleus of the stria terminalle either by 

way of the lateral olfactory tract or any other pathway*  This 

is of course not conclusive. The fibres in question might have 

lost their myelin sheaths some distance from their endings, or 
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have become too fine and scattered for demonstration by this 

method. 

The Glees method, by staining degenerating terminal and 

preterminal fibres would be expected to provide precise 

evidence for the sites of termination of secondary olfactory 

fibres. The first study, using this method (Clarke & Meyer, 

19479 in the rabbit) reports very definite terminal degeneration 

in the cortico-aedial and central amygdaloid nuclei and in the 

bed nucleus of the stria terminal's; this was confirmed by 

Meyer & Allison (1949) with the ease method in the macaque 

and the baboon. The degeneration is found after unilateral 

lesions or ablation of the olfactory bulb and is seen 

bilaterally in the central amygdaloid nuclei and the bed nucleus 

of the stria terminalis. The ftbres do not appear to have 

been traced in serial sections throughout their length so that 

they need not lie in the lateral olfactory tract and it is 

presumed that the degenerating terminals on the side opposite 

the lesion must belong to fibres which have crossed in the 

anterior commissure. Adey (1953) in the phalanger made 

similar Observations but commented that the degeneration seen 

deep in the amygdaloid region was very small in amount 

Since similar conditions have been found in such widely 

different mammals including primates and a marsupial, it is .  

natural to conclude that they represent a condition common to 

all mammals. 

The presence, however, of such degenerating fibres in the 

central nucleus, and the bed nucleus of the atria, has not 
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been confirmed by nearly all authors using another silver 

impregnation method (the relate method). The Nauta studies 

were carried out mainly in the rabbit, rat, guinea pig and cat, 

and the possibility of a species difference cannot be ruled out 

absolutely, but for the reason given above, can be considered 

unlikely and will not be discussed further. 

Johnson (1959, in the guinea pig) is the only author 

to use this method Who claims to hive' confirmed the findings 

Obtained by Clark & Meyer with the Glees technique 

unequivocally. Me reports, however, only one specimen 

(case III*3) in which the lesion is confined to the bulb. 

In this specimen degeneration appears to be limited to the 

lateral olfactory tract, Me states that at caudal levels 

the most medial fibres of the tract end in the cortico.medial 

amygdalold nuclei and it is not clear if., the degenerated 
fibres were traced beyond the molecular layer of the cortical 

nucleus, In a second experiment with a lesion in the peduncle 
involving the lateral olfactory tract and also the anterior 

olfactory nucleus and olfactory commissural component, he 

finds that the distribution of degenerated fibres caudal to 

the lesion is essentially similar,. However, Johnson does not 

describe his material in detail, 	minners (1959), using 

the Volute technique, is quoted by Lohman (1963) as also 

confirming (in the oat) Clark & Meyer's findings 	Lammers 

however, seems to have revised his opinion concerning the 

projection system of the olfactory bulb because in a later paper 

with Lohman (Lohman& Lammers, 1963) it is stated "In the course 
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of our preliminary investigations into the olfactory connexions 

(Lohman et Lammers, 1961) we got the Impression that the 

projection system of the olfactory bulb as described by to Oros 

Clarkawja. is not fully acceptable. Lohman 1 Lammers (1963) 

also state that in a large number of experiments en eats, 

rabbits, monkeys and particularly on the guinea pig, their 

findings are in accordance with those published in a paper by 
Lohman alone In 1963 and dealing with the guinea pig. In this 

work Lohman found that after lesions limited to the bulb no 

degeneration could be found An the olfactory coamissural 

component, the medial emygdaloid nucleus, the central amygdaloid 

nuclei nor in the bed nuclei of the stria terminals. 

Degeneration is limited to'the lateral olfectory tract, which 

distributes fibres only to the olfactory tubercle, the piriform 

cortex and thmantero.lateral part of the. cortical agygdsloid 

nucleus. Other Investigators who failed to find a projection 

to the deeper nuclei of the aeygdala and using the Tiauta 

qua a Cragg, 1961 (rabbit, rat and oat), dcundere. 
In rat. white (1962) in the rat and Powell 

in the rat. 

hysiologioal studies also give fairly 

comparable results concerning the projection of olfactory, 

fibres to tbee Ygaale 	Following single shock stimulation 

of the olfactory bulb In the cat Pox, monnley Magoun 

(1944) recorded potentials from the nucleus of the 
lateral olfactory tract, from the surface of the tubercle, 

and from that part of the piriform cortex that surrounds the 
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cortical amygdaloid nucleus. They-were unable, however to 
record potentials from the amygdaloid nuclei, septum, diagonal 

band and hinpocampus. Rose 12! Woolsey (1943) reported a 
response from the peri-asygdalold region but not from the deeper 
parts of the anygdala. 

gentAputal rOres.  • Until. recently the existence of 
centrifugal fibres in the lateral olfactory tract was doubtful. 
Cajal (1911) first described the presence of such-fibres which 

reach the olfactory bulb from the basal part of the brain. 

Allison (1953s) reported that two months- after transection of 

the lateral olfactory tract in-  both rabbit and newborn rat 

the axons on the bulbar side of the lesion exhibited very little 
difference from those on the opposite normal side of the brain. 
He..concludes:therefore that if •lateral olfactory tract contains 
arm 	fibres, they suet be very few. Decently 
however, howevervCragg (1962) demehstratedmaseive centrifugal - 

degenerationjeading to. the granule cells and. to the .perimeter 

of.the•glomerull in,Nauta preparations of the bulb after 

lesions in thesinterier olfactory treas.  He thinks that the 
coarser degenerating centrifugal .fibres.tun in the lateral 
olfactory tract. Finer fibres, .which reach•nd-furthor than - . 

the inner -granular layer run in the olfactory•commieeural 
component. --Powell & Cowan (1963) with -lesiOns which are. 

limited to the lateral'olfactory tract confirmed Gregg'© 

finding.. From their material these authors were also able -

to exclude the mnygdala and adjacent part of the pirifora cortex, 
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together with the hypothalamus, as possible sites for the origin 

of these fibres. However, they point out that all experiments 

in which the olfactory tubercle is damaged result in 
degeneration of the coarse centrifUgal fibres running in the 

lateral olfactory tract. 
Blectrophysiological studies also suggest the existence 

of centrifugal fibres in the lateral olfactory tract to the bulb. 

Kerr & Hagbarth (1955) showed that excitation of the brain 
caudal to the bulb exerted a profound depressive influence on 

its electrical activity. Other workers such as Green, uTancia 

Baumgarten (1962), Phillips saLlit. (1963), Shepherd (1963) and 

smamoto ILA. (1963) have obtained excitation in mitral and 

some tufted cells from stimulation of the lateral olfactory 

tract. This has generally been thought to be due to antidromic 

conduction but it is difficult in work of this kind always to 
distinguish orthodromic from antidronic effects. 

.pd ziptittKi _91414:Icor; triKti.  The intermediate 

a variable feature of the mammalian brain 

ears to consist of fibres which enter the 
superficial aspect of the olfactory tlibercle. Such fibres 

a and are often described as 
coming from the medial side of the lateral olfactory tract 
(e.g. b Elliot-Smith, 1909, in Orycteropus and Allison, 1954, 

In man). Cajal, in Marchl preparations failed to confirm 
their presence, but almost all the more recent experimental 

studies have demonstrated fibres of this kind limited to the 
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- anterior and lateral areas of the tubercle (e.g. Clark At Meyer, 

1947, and Lohman, 1963). Since they appear to come from the 

lateral olfactory tract there seems no need to give them a 

separate name, especially 2s the term "intermediate tract" has 

-• also been applied to a - quite different fibre bundle (see p. 22). 

most authors dealing with normal material deacribe•a 

medial olfactory tract running to the anterior hippocampal 

nucleut and septum.but there le - much disagreement.over its 

origin and distribution. Humphrey (1936) for example states 

that in the bat most 	its -fibres probably arise frost the 

anterior olfactory nucleus rather then from the bulb. Young 

(1936) traces these fibres in the rabbit caudally along the 

medial end ventrosedial aspect of the peduncle end into the 

..medial septal area. • ire describes the contribution of this 

tract to the precommissural hippocampus, the medial septal 

nucleus and the medial-aspect ofthe.olfactory tubercle. 

Brodal(19470 states that if the Medial olfattory tract is. 

present ID mammals at all,-  its significance is negligible. 

Allison (1953b)- .suggested that it-.1s not an efferept-  pathway 

from the olfactory bulb in mammals„ - but an afferent' tract . from 

the septum. • 

'That fibres are'present a-this situation 16 undoubted 

but the experimental evidence for.their origin lnthetulb Is.  

uniformly negative. Clark kreyer(1947), fromtheir Oleep.  

preparations, emphasised that in none of their experiments were 

degenerating fibres or terminals seen in septum, anterior 
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hippocampal nucleus or in any part of the hippoompal formation 

and later work with the /haute technioue has confirmed this. 

There le no doubt therefore that the mec3ial olfactory tract 

does not consist of secondary olfactory fibres and is not 

comparable to the lateral olfactory tract. It may well consist 

of fibres from or to the anterior olfactory nucleus or between 

the tuberculum and the septum, but not of projection fibres 

from the bulb. A terminology which suggests they are the 

latter le unsatisfactory. 

Anterior commlesurt 

The anterior commiesure of Mammale is generally described 

as consisting of two limbs, anterior or interbulbar and 

posterior or intertemporal (e.g. Loo, 1931, in opossum). In 

Ka,ppersalja (1936) the posterior limb le divided into 

inter-temporal and stria terminalls components, end many more 

components are defined in the older literature (for example 5 

by Loo, 1931, and 8 in the bat by Humphrey, 1936). This thesis 

is mainly concerned with the anterior limb so that a detailed 

discussion of all these components will be unnecessary. 

fAntqr;Ler _limb or the olfactory commiesural ccmaponent 

of this thesis, is a bundle of well ayelinated fibres 

(Pig. 50) which can be traced from the core of the bulb 

throughout the peduncle to cross in the antero-inferior part 

of the commiesure. There hoe been much disagreement 

over the precise origin and termination of these fibres. 

Van Oehuchten &Martin (1891), following Golgi (1875) 

(quoted from Allison, 1953b), believed that the axons artheturtsa 
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cells like those of the mitral cells pass into the lateral 

olfactory tract. Prom Golgi studies Cajal (1911) thought they 

probably arose from tufted cells in one bulb and terminated on 

the granule cells in the opposite bulb. Humphrey (1936) 

thinks that it contains also fibres from the anterior olfactory 

nucleus which probably pass to the corresponding contralateral 

regions. Earlier, Herrick (1924) had made a similar suggestion 

for the opossum and this is in accord with Young's (1936) 

description for the rabbit. 

All these authors were working on normal material. 

The first experimental workers to investigate this problem used 

the Marchi method and discrepancies soon appeared. 

Loewenthal (1897) reported that after bulbar. lesions Marchl 

degeneration was confined to the lateral olfactory tract and 
co.vi4;ssond 

that the olfactoryLeomponent was not affected unless the lesion 

extended into the peduncle, where presumably it caused damage 

to the anterior olfactory nucleus, When this occurred 

degeneration could be traced to the opposite bulb and peduncle. 

Van Gehuchten (1904), and later Young (1941, 1942), also using 

the Marchl technique, Obtained results similar to those of 

Loewenthal. These findings were recently confirmed by Lohman 

(1963), Lohman & Lammers (1963), and alte (1962, 1964) all 

using the Haute technique. Other authors however, report 

that eblation of the bulb alone is enough to cause 

degeneration not only in the lateral olfactory tract but also 

in the olfactory commissural component. These are Probst 

(1901) and Cajal (1901, 1911) in Marchi prepartlions, and 
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Clark & Meyer (1947) and Adey (1953) in Glees preparations. 

Clerk & Keyer, however, pointed out that only very few 

degenerating fibres were seen in the commissure "and it was 

hardly possible to say with certainty how far the anterior 

olfactory nucleus may have been indirectly affected in these 

experiments by trauma". Cregg (1961) and Powell ,et all,  (1963) 

report that after bulbar lesions, fine degenerated fibres 

can be traced, in nut' preparations, through the olfactory 

commissural component to ipsileteral terminations among 

deeper cells of the piriform cortex and tubercles Cregg also 

points out that hie lesions are at the posterior end of the 

olfactory bulb and that it is very probable that the anterior 

part of the anterior olfactory nucleus wee also destroyed. 

It does appear therefore, that all of these workers could have 

included some pert of the anterior olfactory nucleus in their 

bulbar lesions, This point was clearly explained by Pox & 

Schmitz (1943) who said that the oblique attachment of the bulb 

to the opus with the resultant extension of the anterior 

olfactory nucleus in the bulbar region makes it difficult to 

destroy any sizeable portion of the bulb without involving 

some of the anterior olfactory nucleus. Accordingly it would 

be possible to conclude that the fibres of the olfactory 

commissurel component originate almost entirely from retro-

bulbar structures. It is worth noting that Baumgarten Aja, 

(1962) found that antidromic impulses evoked by stimulation of 

anterior commissure fail to invade the somata of tufted cells. 
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As concerning the terminations of these fibres there seems 

to be general agreement. Pox Al. Schmitz (1943) and Pox, 

Plebe? & Desalva (1%8) studied theconnexions of the anterior 

cosaissure in Marchi preparations of the cat and monkey after 

lesions in the mid-line or slightly lateral. They confirmed 

that emalaaural fibres do run to the bulb, anterior olfactory 

nucleus, piriform cortex, and to the olfactory tubercle. 

Brodal (1948) and Allison (1953a) by using the modified Oudden 

method demonstrated retrograde cell changes in the pare 

dorsslis of the anterior olfactory nucleus after transecticn 

of the commissural fibres. Allison also demonstrated, 

in Oleos preparations, terminal degeneration in the contra. 

lateral anterior olfactory nucleus, but he emphasised that 

he always found more degeneration in the ipsilateral bulb than 

in the contra-lateral. He thus concludes that the bulbo.petal 

fibres arise from the ipsilateral basal areas of the hemisphere, 

as well as from the contra.lateral bulb. Similar findings and 

conclusions were reported recently by Gregg (1962) in Nauta 

preparations. 

One would conclude from these studies that the olfactory 

caasmrl,eemural component arises at least mainly in the anterior 
olfactory nucleus, crosses in the anterior commissure and 

that some of its fibres end in the opposite bulb and anterior  

olfactory nucleus. Some may also end in the olfactory tubercle 

and pirifOrm cortex, both in the ipsi. and contra-lateral sides 

(see Pig. 109). According to Powell slu. (1963) the fibres 
with the ipsilateral endings may come from the bulb. 
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tA43. 50. A transverse 
section showing the 
heavily myelinated 
olfactory commissural 
component and the stria 
terminal's just dorsal 
to it. Loyez method. 

Pig. 51. A transverse 
sectian showing the 
intertemporel component 
of the anterior 
commiosure passing 
latcraily just ventral to 
Ow corpus striatum to 
react the external 
csAfule. Loyess  X 7. 

%WI 

rig. 52. A transverse 
section shoving the 
intertelaporal component 
and the heavily 
myelinated olfnetory 
comnissural component of 
the anterior co=liosurc. 
Loyez. 	7. 
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Tho rosteripr or intertemporal limb of the anterior 

commissure crosses in the mid-line in its postero-superior 

segment (Pig. 52). In macroamatic mammals, e.g. cat (Fox*  

1940) this component is much smaller and less heavily 

nyelinated than the anterior or olfactory ccemissural component. 

In the microsmatic monkey (Pox et a).., 1948) however, the 

opposite is true*  Investigators working on normal material 

(e.g. Young, 1936; Humphrey*  1936) generally believe that the 

fibres of this component interconnect the piriform cortex and 

some of the amygdaloid nuclei of the two sides. The corpus 

callosum has no separate existence in the opossum, and Loo 

(1931) thinks that all neopallial commissural fibres also cross 

in this limb. It is generally accepted, however, that a 

ne©paili,al component becomes progressively smaller during the 

phylogenetic ascent of mammals. Fox jial, (1943, 1948) were 

doubtful in Marchi preparations, of any connexions with the 

wxygdala after transacting the commissure in the mid-line. 

After a, similar lesion Trodal (1948) could not confirm the 

commonly described connexion (e.g. by Humphrey, 1936) from the 

baso.lateral amygdaloid nuclei, but found retrograde changes in 

the nerve cells of the anterior group of amygdaloid nuclei 

and the cortical amygdaloid nucleus. 

The mega; forebrain lkiundle 

Earlier workers (e.g. Young, 1936) regtrd this as an 

interconnection between the medial and ventral areas of 

hemisphere including the olfactory tubercle, on the one hand, 
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and hypothalamic and possibly the tegmental region of the 

mid-brain on the other. Young regards a tuberculo-
hypothalamic tract as one of its major constituents, the 
septohypothalamic its largest component, and that both may 

carry ascending as well as descending fibres* Loo (1931) 
describes a similar condition in the oposeum, but thinks that 

the most roetral part of the bundle arises in the olfactory 

bulb and anterior olfactory nucleus. More recently 
Valverde (1963a), who studied this bundle in Golgi preparations 

of the mouse, considers that it comprises fibres originating 

in the septa nuclei, the piriform area and from some giant 
pyramidal cells of the frontal cortex. 

No evidence can be found in the experimental literature 
for the alleged contribution of secondary olfactory fibres 

to the medial forebrain bundle. Neither Morin (1950) in 

guinea pig, Saunders..riondstra (1961) in the rat, nor Lohman 

(1963) in the guinea pig could find degeneration after bulbar 

lesions. Lohman however agrees with Young that the pare 
medialle of the anterior olfactory nucleus projects by way of 
the medial fore-brain bundle to the lateral hypothalamic 

area. Morin finds no contributicr, from the bulb or peduncle, 

but describes some from the olfactory tubercle. 
Prom the foregoing description one can conclude t 

the medial forebrain system is influenced by olfactory impulses, 

this influence must be of an indirect nature. It is worth • 

noting the similarities between this fibre system, the stria 
terminalis and forntx fibre systems* All appear to be 
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interconnecting the secondary olfacLorz-  srece (anterior 

olfactory nucleus, piriform cortex, olfactory tubercle) and 

their closely related structures (septum, amygdala, hippocanpus) 

with the hypothalamus. 

Sental connexions (including the diagonal band). 

many fibre systems are connected with or pass through the 

septal region; the most obvious of these ere the 

precommissural fornix fibres which run chiefly in the lateral 

nucleus. The diagonal band of Broca connects with the emygdala, 

and there are many fibres between the septum and olfactory 

tubercle. Some fibres of the medial forebrain bundle run to 

or arise in the septum (see above) 	As mentioned earlier, 

there is much experimental evidence that no secondary olfactory 

fibres reach the septum and the so-called medial olfactory 

tract may consist of fibres which come from or go to the 

anterior olfactory nucleus or olfactory tubercle. It is worth 

noting that in the anoamatic porpoise the septel structures 

certain not retrogressive (Breathnech 1953)• 

recent experimental work has thrown light on the 

s end functions of the septum 	gaits & Powell (1954), 

ink fiMbrial section in the rat, rabbit and monkey 

report complete cell loss in all the cells of the medial septal 

nucleus and partial cell degeneration in the nucleus of 

diagonal band suggesting the presence of many septo- 

hippocampal fibres. In degeneration studies in the cat Nauta.  

(1958) describes septal fibres joining the precommiecural 
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forntx and the medial fore-brain bundle which distributes to 

the entire lateral hypothalamic area. There are rich 

connexions betveen the septum and amygdala via the stria 

terminalis dorsally and the ventral amygdalo-fugal fibre system 

(see below). These structurel relationships between the 
septum, hippocempus, amygdale and hypothalamus are leading many 

authors to suggest the possibility of a clone functional relation- 
ship. 

alrip tertinsUti la _Ober jsygdaVad ocaorkentismil 
The question of secondary olfactory connexions to the 

amygdala has already been discussed. 

The stria terminalis includes fibres which connect the 
amygdala with the pre.optic and hypothalamic regions and probably 

also the septum. Transverse sections in the middle of the 
amygdela show the stria in the medial wall of the hemisphere 
as a lightly myelinated bend. The various components converge 

on the caudoopventral border of the internal capsule and from here 

swing caudally to reach its dorsal aspect., They, then continue 

forward in the floor of the lateral ventricle to turn medially 

and ventrally in the plane of the anterior coisaieeure and break 
up into the various components. Detailed description in 
mammals has been given by Johnston (1923) and Van der 3prenkel 
(1926). Johnston identified five components in the opossum: 

commissural„ hypothalamic, infracommissural, 
supracommissural and a stria aedullaris component. 	imilar 
components have been described by GurdSian (1925, 1928) for the 
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rat, by.  Young (1936) for the rabbit, and by Humphrey (1936) for 

the bat. The hypothalamic component of Johnston le homologous 

with the pre-optic component of Gurdjian, Young and Humphrey 

and all these authors describe it as arising entirely in the 

cortico.medial group of nuclei. The coamissural bundle is 
unusually distinct in the bat and arises entirely in the nucleus 
of the lateral olfactory tract (Humphrey. 1936). More recently 

63 
Valverde (1936a) studied the termination of the stria 

terminals in the mouse by means of the Golgi method; his 
results were in agreement with previous studies and he was olae 

to identify the 5 components described by Johnston. 
Klisigler& Gloor (1960) studied the connexions of the 

amygdala in human brains with a dissection technique. They 
say that the aniygdala projects to the septum and to the anterior 

hypothalamus zajt two fibre systems: (i) a dorsal system, the 
stria tersinalls, (11) a larger ventral syetem consisting of an 
asrgdalo-hypothalamic tract and an amygdalo.septal tract 

(diagonal band of liroca). These ventral tracts are probably 

similar to the 'longitudinal association bundle' so named by 

Johnston (1923) and Pox (1940). 
Although much is known concerning the composition of 

the stria, the direction of conduction in its fibres is 

somewhat uncertain. Most authors agree that it is a major 

discharge path from the susygdala but there is evidence that 

some of its fibres are amygdalo-petal (Shute & Lewis, 1963; 
Powell 	d., 1963). Lesions placed dorsally in its course 
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led to Varchi degeneration directed forward from the lesion 

and never caudally to the amygdala (Fox, 1943)* Fox thinks 

that a large portion of the stria originates in the basal nucleus 
and projects to the septum, pre-optic region and vicinity of the 
pare ventricular nucleus of the hypothalemus. Tadayasultja* 
(1959) also using the marchl technique, studied the fibre 
connexions in the rabbit and found that the most easily traceable 

descending pathways from the amygdala are the stria terminalis 

and the 'longitudinal association bundle'. They believe that 

fibres of the stria originate from nearly all the amygdaloid 
nuclei except the lateral* The 'longitudinal association 

bundle' they showed to originate from the magno-cellular parts 
of both lateral and basal amygdaloid nuclei, and to pass 

forward to reach the anterior amygdaloid area and nucleus 

acculbens* 
Nauta (1961), using the Nauta-Gygax method, confirmed the 

existence of two major fibre systems; a diffuse ventral 
amygdaloilugal pathway and a compact stria terminalis dorsally* 

The former he thinks is the more massive projective system 
and it connects with the lateral pre-optic and hypothalamic 
regions the nucleus of the diagonal band and the olfactory 
tubercle* A prominent component also terminates in part of the 

dorso-medial thalamic nucleus, and another in the gyrus 

fornicatus. The stria terminal's, on the other hand, 

originates mostly in the caudal half of the amygdaloid complex 
and forms a prominent pre-optic.hypothalsmie component* 
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11verde (1963b) Obtained similar results. Naute also found 

evidence of fibres emerging through the lateral end ventral 

sides of the amygdala and distributing to the rostra' part of 

the temporal gyri, mauls and caudal orbito-frontal cortex. 

The existence of such amygdalo.temporal fibres and amygdalo-

insular fascicles have 'been seen by dissection in man 

(Clingier & Gloor, 1960). 

It is of importance to note that Powell. Al .a. (1963) 

found after lesions of the piriform cortex very similar results 

to those described by gauta after lesions of the amygdala. 

They have stressed the fact that their lesions never penetrated 

deeper than the eubcortical white matter, and they were very 

careful not to injure the amygdala. When they placed lesions 

in the amygdala itself, the degenerating fibres in the ventral 

amygdalo-fugal pathway (longitudinal association bundle) were 

exactly similar to these after lesions in the piriform cortex. 

Accordingly it was difficult to deter2ine whether' this 

degeneration was entirely due to interruption of fibres arising 

in the piriform cortex and passing through the amygdala, or 

whether the amygdala also contributed to this system. These 

authors produced experimental anatomical evidence for a 

reciprocal relationship between the amygdeloid region and the 

hypothalamus. Caudally directed fibres were not only seen in 

the stria terminalis (as described by gavta 1958 and by Shute 

Lewis, 1963), but also in the ventral amygdelo.fugal pithway. 

Heny reports have appeared lately in the 

electrophysiological literature concerning the connexions of 
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the amygdala. These are very varied and cannot be described 
fully within the limits of this thesis. Various behavioural 

and visceral effects have been obtained from stimulation of the 
acygdala (for summary see Gloor, 1960). Physiologically it 
appf3ars that t* different portions can be distinguished. 
For example Kaada (1951) and nada, Anderson & Jansen (1954) 
distinguish an anteromedial division (phylogenetically old) 

which responds with autonomic and soantomotor effects to 
stimulation, and a lateral division (phylogenetically younger) 
which on stimulation yields behavioural changes which indicate 
anxiety, sometimes fear and anger. They are similar to effects 
obtained by stimulating the hippocampus, the medial prefrontal, 

limbic and hippocampal gyral regime. The authors think that 

these similarities indicate functional as well as structural 

relationships between all these areas. Other behavioural 

changes which follow lesions restricted to the amygdala are 

relative docility and a state of chronic hypereexuality 

(Shreiner & Xling, 1956). Finally it is of interest to mention 
that in the surgical treatment of temporal lobe seizures 

Tialdwin six,. (1956) routinely explored the medial temporal 
region with a gentle electrical current. Quite frequently 
this stimulation was followed by movements of the ipsilateral 
face and jaws. These motor responses occurring when the tip 
of the electrode is in or very near to the amygdala.  

"6:ntorhigal conte;ion/s  

Recent experimental observations show that the entorhinal 
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area receives tertiary olfactory connexions from the piriform 

cortex (Cragg, 1961; Powell 1/6.620, 1963). The entorhinal 

area has many connexions with other near-by structures, 

particularly with the hippocampuse In normal material cajn1 

(1911) described two distinct afferent pathways to the 

hippocaapus; the large perforant, or direct temporo-ammonic 

tract arising from the lateral part, and a superficial, or 

alvear, pathway originating from the medial part. These tracts 

received full description in the eletorate study by Lorerte 

de Na (1934a)  and their presence has recently been confirmed 

in experimental animals (Adey & Meyer, 1952). The last 

authors have also shown that following an extensive lesion of 

the snperior temporal grins and insular cortex in the monkey, 

considerable fibre degeneration could be seen entering the deep 

layers of the entorhinal cortex. 
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ARFRIVTNTAL OP 4704Ti: 	TIL capu 

The experiments to be reported vere all designe0 to 

demonstrate by the method of experimental degeneration ascondary 

connexions of the olfactory bulb, accessory olfactory bulb and 

anterior olfactory nucleus and with particular reference to the 

olfactory tracts end to the olfactory oommissural component. 

iterip of Atezenertit ion 
The rarchl technicue was used only in two epeclmense 

It 	 s well known limitations. In the first place it stains 

only the degeneration products of myelin and cannot therefore 

demonstrate preterminal or terminal degeneration where no or very 

little myelin is present. N ayeliin ted fibres are not stained 

Jere on their course. 	eudo-reactions, 1.e, diffuse 

staining of lipoidal droplets having no relation to the 

distribution of the fibres injured by the lesion, are common, 

and nay lead to difficulties in Interpretation. In the two 

coypu specimens pseudo-reactions are not in rtet very narked 

and the degeneration of myellnated fibres in major tracts, such 

as the lateral olfactory tract le clearly demonstrated (Fig. 77). 

egeneration in fine myelinated fibres, probably approaching 

their termination, is not shown satisfactorily however, such 

fibres are present in the let or molecular layer of the plriform 

cortex and degeneration in this situation is much better shown 

by the rauta technique. This can be seen by comparing the 

two Photographs (Pig°. 53 end 54) of sections taken from the same 

level of specimens having similar lesions and survival times, 
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stained by the archi and Nauta techniques respectively. 

Since the Yvan technique is almost as satisfactory for 

demonstrating der-Iteration in the major tracts and the main 

purpose of this work is to demonstrate the sites of termination 

at fibres, no further use was made of the archi method. 

The Glees method (Glees, 1946) has been claimed to be the 

most satisfactory for demonstrating degeneration in terminal 

a0borisations and end-bulbs (see Evans & Hamlyn, 1956, who 

compared it with the Haute method) but on this material the 

results were not very successful. Some preliminary 

observations were made in sections of the spinal cord in miens 

in which a previous study (Goldb & Kacker, 1963) had shown, 

by the Nelda method that terminations of the car ico-spinal 

tract are numerous. The Glees method stained only an occasional 

end bulb in these situations. In the basal rhinencephnlon 

of two animals which had survived bulbar lesions for 7 and 14 

days espectively the Glees method demonstrated fragmentation of 

fibres in the outer or molecular layer of the piriform cortex 

and the cortical amygdaloid nucleus, but it was not seen so 

*ply as in the corresponding Nauta preparations. No end- 

be normal or degenerate could be found in any part of 

the basal rhinencephalon. Whether in our hands, the technique 

has failed or whether it is unsuitable for this material, 

cannot be decided definitely. - Further experience might have 

led to better results. Other workers however have found the 

Glees method unsatisfactory. Cowan & Powell (1956) in normal 
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monkey and human brains foUnd that it gave evidence of terminal 

degeneration (assumed to be en artefact or pseudo-reaction) 

bilaterally,  not only in parts of the hypothalamus but also in 

regime such as the septum and the bed nucleus of the stria. 

terminalls which are of importance for this thesis. It.is true 

that Adey, Rudolph, line a Harritt (1958) failed to confirm 
Cowan & Powell's observations. Nevertheless one must at least 

conclude that the technique. gives inconsistent results in 

different bands. It is also true that the more controversial 

of the findings by this method which have beeh reported in 

the rhinencephalon are bilateral (e.g. Clark & Meyer, 1947) so 

that the best form of Control, comparison with the normal side 

in a single preparation, was impossible. For these reasons, 

ane because of the disappointing results we obtained ourselves, 

the method was not used further. 

;VI NADIA teeholcm,  eras developed to bring out the 

pathological or degenerative change in axons more or lees 

selectively and to suppress the staining of normal fibres 

(Fauta & Gygez, 1954; Glees & Fouts, 1955; Nauta, 1957), 

This suppression is rarely complete. Nauta (1957) states that 

it is common to find a variable percentage of the normal fibres 

Impregnated black" and this'is certainly our experience in the 

coypu 	Degenerative debris is always black, but so are a 

large number of the finer normal fibres, Coarser normal fibres 

are generally a brown or golden colour. The most complete, 

suppression was achieved in a specimen which had had very 



. 132 . 

prolonged fixation in formalin (18 months) beforeprocessinE; 

(Pig. 56). 7aota (1957) says that excessive length of 
fixation may be detrimental but theioe is no evidence that 

staining in any of the degenerated fibres has been lost in this 

specimen. It must be emphasised however that periods longer 
than 18 months could-be detrimental (as has been shown in one 

of our specimens which was fixed for 24 months). Most of the 
speciment'Were proceseed after 2 to 6 weeks fixation and gave 
reasonab1y4atisfactory results, and a feir degree. of 

suppression of the staining of normal fibres was achieved by 

increasing the proportion of ammonia in the etmoniacal'silver 

nitrate solution (see Appendix U). 
Normal fibres can be recognised by their generally 

uniform calibre and lack of fragmentation (Fig. 58). 
Earlier investigators (e.g. Cajal Glees) working on silver 

preparations stated thatthe first signt of axonal degeneration 

are argentonhilla and varicosities, but these alone are not 

dependable criteria In'Naute preparations. In longitudinal 

sections of the olfactory- bulb end peduncle trot a completely 
normal brain intense argentophilie and'Varidositiestu are a 

common feature of the fine fibre° of the olfactory commiseural 
component (Pug. 60). The only dependable. criterion is drop. 

like disintegration of the axons (Pigs* 57r 59 and 63). mere 

irregulerityAn calibre or beading withoUt definite 

fragmentation cannot be taken as conclusive evidence of 
degeneration in the coypu olfactory system. Glees & Vauta 
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Pig. 56. A transverse aecti n 
of the normal loteral olfactory 
treat stained by Neuta method 
after 18 montlls fixation 
showing complete suppression 
of normal fibres. X 140 
(M.1, section 3) 

57. The degenerating 
olftetory tract from the same 
section tio in Fig. 56 for 
comrAmison 	Pauta method, 
140. 
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58, A transverse section 
of the Lormal olfactory tract 
stained by Vauts method after 
3 months fixation showing on;; 
very slig)-t suppression of 
norinl fibres. Compare with 
Pig, 56, X 140 (174, section 
2)  

Fig. 59. The d egenerating 
olfactory trt,ct from the same 
section tie in A.g. 53 for 
comparison. tYauta method. 
X 140, 
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(1955) have drawn attention to the fact that "the most 
important and persistent source of error is represented by 
artificial deformities of normal axons, a phenomenon which was 
rather frequently observed following silver,impregnation". 

In our experience (artefacts or pseudo-reactions with an 
apparent fragmentation of fibres, in regions which could not 
have been affected by the lesion are also found occasionally. 
They were seen for example in the optic chills** and tracts 
where they are possibly the result of manipulation during the 

removal of the brain. These artefacts are generally coarse 
in appearance (Pig. 62) and unlike the typical drop-like 
fragmentation of true degeneration (Fig. 63) but because of 

the difficulty of recognising theta rigorous control by 
comparison with the normal side or with sections from a 
completely normal train is always necessary. 

In addition to degeneration in the course of a fibre 
tract (where the debris of both axon and myelin sheath maybe 

stained (Evans & Hamlyn, 1956) ) the Nauta method will also 

demonstrate degeneration in fibres very close to their 

termination. This "pre-terminal degeneration takes the form 

of very tine argentophilic granules close to the perikaryon of 

ell or to its dendrites. The actual end-bulbs are not 
sually demonstrated (Glees 8 Nauta, 1955; Bowsher, Brodal 

t7arberge, 1960) and were certainly not seen in this material. 

Ilhat has been interpreted as preterminal degeneration however 
is seen in the nucleus of the lateral olfactory tract and 
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Pig, 60. A longitudinal 
section of the olfactory 
peduncle of a normal brain 
stined by 	rautr,  method 
showing acme vpricosities and 
deformities, 	360 
(section A,..9) 

rig. 62. A longitudinal section 
of the optic tract stained by 
!7auta method shoeing pseudo-
reaction. TTot e the coarse 
fragments and compare with 

65. 	X 360, 	11. g4)  

V14, 61, True degeneration 
In . the olfactory commiasural 
component just caudal to the 
lesion (Y402) at the vame 
level as that shown in 
-1g, 60 (for comparison) 
nut Et stein, 	X 360. 

Alotomicro,1:,  h of 
the lateral olft,ctory trcict 
stained by Nnuto method 
showing true det!,enerotion. 
Note the fine drop..likc 
disinteretion, X 360 
(Ma, D2). 
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anterior am3redelo1d area (Pigs. 64 and 65) where it appears to 

indicate azososotic endings, and in the molecular layere of 

cortical formations (Pig. 80) end the iz,;ramler layer of the 

olfactory bulb when endings are probably axo.dendritic. 

Because of the granular nature of thp degeneration 

products these may simulate a normal fibre in a thin transverse 

section. Conversely a thin section of a normal fibre may 

look very like ,a degeneration granule. Most sections were cut 

at 15.25 a and at this thicknese the presence or absence of 

fragmented fibres can usually be judged with reasonable 

confidence. In one specimen (M.8) such sections showed 

unequivocal fragmentation in transverse sections of the olfactory 

cosaiseural cosponent which was practically unrecognisable in 

some 8 a sections from the sane specimen cut in a cryostat. 

This difficulty does not arise in longitudinal sections where 

considerable lengths of the fibres can be seen. 

The rate of development of recognisable degeneration 

probably varies in different fibre tracts and in different 

animals. According to Crevel & Verhaart (1963) even 

apparently identical fibres in a single tract may show very 

great differences in the time required for degeneration some 

being resistant for as long as 6 months. Goldby & Kacxer 

(1963), using the Nauta technique in the coypu thought that they 

could demonstrate degeneration of all the fibres in the 

pyramidal tract after 3 weeks but shorter survival periods 

(7 to 14 days) are often used with the Nauta technique. In 
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Pig., 64. A transverse section stain. y th rants method to 
show degenerating fibres passin deeply from the lateral 
olfactory trpct to reach the cella of the at]terior amygdaloid 
area ifiAA) arl.; the nucleus of the lateral olfnctory trot (N), 
X 55 (specimen 176, section 4) 

A.g. 65, Ridher - ,lower view 
(x 140) to show the 
degenerating fibres reaching 
the periknrya of the cells of 
the anterior aNyg&Joid arfm. 
uta stain, 

11111Mit 
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_▪ sr 
Pig, 66. Higher power view 
of the nucleum of the latern1 
olfactory trnct stnined by 
r4luta method showing the axo—
soantic type of synapsis,  
( 3GO. 
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one of our specimens degeneration could be seen clearly over 

the piriform cortex after 7 days (Pig. 67) 	It was more 

marked in a 34 day specimen, but we have taken 3 weeks as being 
optimal for the demonstration of degeneration (Fig. 68). 
After 3 weeks there is no evidence for the removal of 
degeneration debris and in one specimen with 56 days survival 

much debris is still present although a little seemed to have 

disappeared (Pi 69). 
In interpreting histological evidence of degeneration it 

is always necessary to consider whether the changes seen are 

orthograde or retrograde. Retrograde degeneration is 

generally assumed to develop more slowly than orthograde, 

but Cregg (1962) has interpreted degeneration in the lateral 

geniculate body of a rabbit as early as 8 days after a cortical 

as being retrograde in c hameter. Powell & Cowan 

the Bouts method, found that aftc.r leulons 

ortex,, 	rthograde pre:terminal 

do n is seen after 7 days survival but that after 10-21 
a distinctly different granularity is seen. It lacks 

a poricellular arrangement and appears to be related to the 

breakup of cell bodies and dendrites because it is found only 

retrograde cell degeneration in Nigel 

prenarations. Because of the rather long survival periods, 

some of the degeneration seen in the coypu brain may have been 

retrograde, but this is unlikely. In specimen .9 the 
olfactory peduncle had been severed caudal to the anterior 

olfactory nucleus (see Pig. M. Cagittal sections of the 
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AA. 67. A transverse section 
at the 1Gvel of the temporal 
piriforts; cortex sk,owine only 
very  faint stainir of the 
degenerating lateral olfvctory 
tract fibres 7 dayc after 
bulbar lesions. nlut method. 
X 140 (M.11, 	E4). 

Fig 68. A transverse section 
shoving intense staining of 
the degenerating fibres 21 
days aer bulbar lesions. 
ection at level of temporal 
piriform cortex from specimen 

soctin Dl. 	Nauta stain. 
Y. 140. 

69. A. transverse section 
of the temporal piriform cortex 
to demonstrate the persistence 
of the degenerating debris 
even after 56 days survival. 
Nauta stain. Y 140. 



bulb and peduncle show only very few if an) fragmented fibres 

confined to the deeper part of the lateral olfactory tract 

rostral to the lesion and this was after 3 weeks survival. 

It was also noted that in specimens with complete division of 

the anterior commissure never more than about half of the fibres 

show degeneration on each side of the lesion, and one of these 

specimens had survived 43 days. For this reason it has been 

assumed that all degeneration seen, whether in the lateral. 

olfactory tract or elsewhere, is orthograde although it must 

be admitted that this is not certain in all situations. 

ppm:let/Aim _eft,er leaplp of tm oirnctory bulbs  
The result's will be reported for groups of specimens 

defined by the situation and extent of the lesion (see p,1) 

which is always on the left side. Operative details and 

details of the histological methods are given in Appendices I 

and II. 

The first group of specimens with lesions n the olfactory 

bulb has been divided into those with lesions confined to the 

main bulb (6 specimens) and those with lesions involving both 

main and accessory bulbs (2 specimens). The extent of the 

esions is shown in Pigs. 75 and 82 and has been estimated 

partly on the basis of ma roseoplo examination and partly from 

sections. The estimates are approximate only because of the 

difficulty of excluding the possibility that additional damage. 

was caused in r emoving the bulbs from the skull. one specimen 

(170) is also illustrated by a photograph (Fig. 70). 
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The second group with lesions involving the peduncle 

and a.terior olfactory nucleus are illustrated in Figs. 33, 84 

and 85 including photographs in four cases (Pigs. 71, 72, 73 and 

74 ) • 
The third group with lesions of the anterior cosmissure 

is illustrated only by the photograph (Fig. 101) from one of 

the specimens, M.144. It shows the general type of the lesion, 

an incision through the whole depth of the hemisphere slightly 

lateral to the median plane. Two of the remaining specimens in 

this group are similar and in the last two the incision,is in 

the median plane. 

Further details o the lesions are given in the 

description of the specimens. 

Lesions confined to the main bulb are all incomplete 

because attempts to remove the whole bulb inevitably led to 

damage of the accessory bulb and/or the rostral extremity of 

the anterior olfactory nucleus. Two specimens (N.1 and 173) 

were stained mainly by the Marchi technique but also with some 

Nauta sections, and four (170, 171, 172 and m.12) Were 

prepared by the !louts method only 

The two Marchi specimens will be described first. In (F' .73) 
specimen 1731pnly about of the anterior part of the main 

bulb to destroyed, and it is only in thin specimen that 

sections of the remaining part of the bulb and the pc&ncle  

are available. 

In the bulb )ierchi staining is present among the 

periglomerular cells. This could be a pseudo-reaction in 



Pig 70 	ccimen 170) 

71 (8pcc1men 

Pig, 73 (specimen M.9) 

72 (rip: cimon '.I5) 

Pig. 74 (specimen .4) 

Pigs. 70, 71, 7, 73 74 are phottvraphs of the coypu brain 
(Y. 2) showing the extent of the surgical lesion in some of the 
experimental specimens. Pig. 70 is representative of a lesion. 
wh i ch Is strictly confined to the bulb, All the other 4 
figures demonstrate different lesions of the anterior olfactory 
nucleus. 



a region inevitably damaged in removing the brain* It could 

however,.representdegeneration in bulbo.petal fibres, a 

matter which will be discussed later. nceneration is marked 

among the cella of the inner granular layer‘ and can be traced 

beneath the accessory bulb -into the peduncle (Fig* 76). In 

the pedunCle the degenerating fibres are concentrated ventrally 

and laterally in the molecular layer on the anterior olfactory 

nucleus, but a few are.prosento  sore deeply situate4irentro-

medially. The latter could not be traced beyond the anterior 

olfactory nucleus. Superficial degeneration in this situation 

which could represent a medial olfactory tract is not present. 

Citadel to the peduncle there is marked degeneration 

in the lateral olfactorY tract (Fig. 77) which is lost just 

roetral to the asygdala* Laterally degeneration spreads 
from the tract Into the superficial part of the molecular 

layer of the pirifOrm cortex but reaches only about half way 

awards the rhinal fissure 	There is a similar spread 

medially fors short distance into the antero-lateral part of 

the olfactory tUbercle 	in. specimen E 1 the lateral olfactory 
tract degeneration le similar but rather core intense. In 

neither specimen could degenerated fibres be traced Wit 

confidence into the amygdela. 

The commissural component in' both specimens shows slight 

Marchi stippling near the bulb; probably a pseudo-reaction 

because sore caudally and in the commisaure itself practically 

no staining can be detected and certainly no more than is seen 

in the adjacent white matter of the frontal pole, which is 



M 12(14) 
171 (14) 

173 (28) M i (21) 

1 7 2 (21) 1 70 (10) 

Fig. 75, Diagrams showing the different bulbar lesions 
drawn on a engittal view of the bulb and peduncle. The 
specimen numbers followed by the number of days survival 
between brackets. 
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unaffected by the lesion. 

In specimen 173 the right bulb (noraal) was also 

examined but no satisfactory evidence of degeneration was seen. 
Nauta sections are available for both these specimens 

and the superiority of the Pante technique for demonstrating 
degeneration of fine fibres over the piriform cortex has already 

been referred to. The method shows quite clearly that these 

fibres extend to the rhinal fissure, where they end abruptly. 

Degeneration  could also be traced further caudally in the 

molecular layer of the temporal piriform cortex and along the 
lateral border Of the saygdalold fissure, although none - could 

bed traced medially to the cortical amygdaloid or deeper 

amygdaloid nuclei. Over the temporal piriform cortex 

egeneration is most marked close to the lip of the rhinal 

fissure and a few fibres can be traced into the region: of 

transition to the entorhinal cortex, some of which may reach 

the entorhinal cortex itself. In the peduncle, the olfactory 

tuberele end the olfactorycoamissural.pomponentthe findings 

are quite similar to those in the varchl sections but there is 

some suggestion of the termination of a few tine fibres in the 

region of the anterior olfactory nucleus 
The remaining four Vesta specimens show 	 similar  

results'. In all degeneration in the lateralolfaatory tract 

spreada.over the piriform cortex to the bottom of the rhinal 

fissure laterally, and over about -the antero.lateral third of 

the olfactory tubercle medially. even when the lesion is 
small enough to leave a considerable part of the bulb undamaged 
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A.g. 76. A transverse secti It 
of the olfactory bulb just 
caudal to the lesion 
(specimen 173). 
Deenorating fibres are seen 
passing in the i;ranular layer 
of the acceemory bulb on ti.;eir' 
way to the lateral olfactory 
tract. 	iirchi stvin* 	55. 

i. 77. A transverse sectiDn 
.vt the level of the caudal 
end of the olfactory peduncle 
from the same specimen as 
ttat of rig. 76 to show 
:Elrchi degeneration in the 
lateral olfpctory tract. 	55 

Fig. 78. A. transverse section 
BA-lowing the norwal olfactory 
tract from the same section 
as tivAsowri in ei. 77 for 
comparison. ?archi attn.
▪ 55. 
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(M.12 and 171) degeneration can be traced to the anterior 

amygdaloid area, nucleus of the lateral olfactory tract and 

the antero-lateral border of the cortical amygdaloid nucleus 

(Figs. 80 and 81). it can also be traced over the cortical 

amygdaloid transition area to a concentration lateral to the 

bottom of the amygdaloid fissure. No degeneration is found in 

any of the other amygdaloid nuclei. In the pirifora cortex 

(frontal and temporal) degeneration does not differ from that 

described in the first two specimens. 

The olfactory commiscural component is completely 

negative in specimen 172 and almost certainly so in specimen 170 

and possibly in 1612. The remaining specimen (271) provides 

only the sane unconvincing evidence of degeneration limited to 

a very email proportion of the fibres as was seen in the March' 

specimens. It was observed however, that even this faint 

appearance always disappeared caudally particularly where the 

olfactory component approaches the aid-line to cross in the 

anterior comaissure. In specimen M.12, with the smallest 

lesion, degeneration Is seen in fibres among the periglomerular 

cells and in the loner plexiform and granular layers of the 

undamaged part of the bulb, as in the Varchl preparations. 

Specimen 170 showed what appeared to be terminal degeneration 

in tract fibres on the dorsal aspect of the anterior olfactory 

nucleus (Fig 79). 

one can summarise the result(' from three specimens, in 

which the lesions were strictly confined to the main olfactory 

bulb, as follows. In the bulb secondary olfactory fibres 
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accumulate in the inner plexifom and granular layers and can 

be traced into the peduncle where they are concentrated 

laterally and ventrally. Probably some connect with the anterior 

olfactory nucleus, particularly dorsally. Posterior to the 

peduncle, the lateral olfactory tract distributes fibres to the 

outer part of the molecular layer of the ertero-lateral region 

of the olfactory tdberele and throughoUt the piriform area. 

In the temporal piriform cortex the fibres tend to be 

concentrated near the lip of the rhinal fissure, and a few 

extend into the region of transition to the entorhinal cortex 

and possibly to a very small extent to the entorhinal cortex 

itself. They also pass to the nucleus of the lateral 

olfactory tract (where preterminal degeneration is seen close 

to the perikarya), to the anterior amygdaloid area, to the 

cortical amygdaloid transition area and to the antero-lateral 

border of the cortical amygdalold nucleus (although this last 

point is not demanstrated clearly in all the specimens) 

It should be noted that except in the nucleus of the 

lateral olfactory tract the degenerating fibres are a 

situated very superficially in the outer part of a molecular 

layer. This suggests that the connexions are a 1 axodendritic 

although one cannot exclude the possibility that the finest 

terminal or preterminal fibres have failed to stain. In the 

?louts preparations this is unlikely. 

The only other positive finding which needs discussion is 

the degeneration in the glomerular layer of the bulb in one of 
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the 7zarchl and one of the Malta specimens. The fibres 

affected appear to be the myelinated fibres seen among the 

Perigloaerular cells in normel preparations. 	It has already 

been suggested that this finding soy be an artefact resulting 

from damage caused in renoving the brain. It is poneible, 

however as the original lesion in both eagles extended into 

the central parts of the bulb, that these arc afferent fibres 

to the glomerull degenerating as a result of the lesion. 

This seems a sore probable interpretation in view of some 

findings which will be reported later in specimens with 'colons 

affecting the peduncle without direct damage to the bulb. 

It is important also to emphasise certain negative 

findings. No medial olfactory tract consisting of secondary 

olfactory fibres running to the septal region has beer: found in 

any specimen. .imilarly, no degeneration has been found in 

any of the amygdalold nuclei except the nucleus of the lateral 

olfactory tract, amygdalold transition area, and the antero. 

r 1 part of the cortical nucleus. The olfactory 

ural component is almost completely normal in 	the 

isms. Very few, 	any of its fibres can arise in the 

main bulb, The slight and rather doubtful degeneration seen 

in the olfactory component near the bulb in some specimens 

t be detected more posteriorly or in the commlesure 

elf. If these are true degenerating fibres they could 

represent a very small ipsilateral discharge from the main bulb 

to the hemispheres but being so few and diffuse they cannot be 

followed to their terminations in this material. 
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Attempts to destroy the accessory olfactory bulb without 

damaging other parts of the olfactory apparatus were 

unsuccessful 	Two specimens were obtained however (M*6 and 

ta.7) in which the accessory bulbs were completely or almost 

completely destroyed (by thermo.cautery) together with much of 

the main olfactory bulb, but with no significant damage to the 

anterior olfactory nucleus. If secondary fibres from the 

accessory olfactory bulb differ in their distribution from 

those of the main bulb, one would expect these two specimens 

to show differences from all those in the group already 

described, where the lesion is limited to the main bulb. 

The approximate extent or the lesion is shoen in rig. e2 

and it will be seen that in 146 a few cells have been lost 

from the cranial part of the anterior olfactory nucleus. In 

M.7 the 

slightl ass

to the accessory bulb although extensive, is 

than in N*6 and the anterior olfactory nucleus 

olfactory pedunc 

eral olfactory tract 

regions as in those spe 

the main bulb, 1.e* to the pir form cortex, the olfactory 

tubercle, the nucleus of the lateral olfactory 
Yo.stral 

amygdaloid area, and the eres&el part or the cortical 

amygdaloid nucleus* In specimen M.6 an axosomatic type of 

connexion is clearly de.onstrsted in the anterior amygdaloid 

appeared quite unaffected. Both speciaens were prepared by 

the ?Tanta technique. 

No satisfactory se 

e. but 

eked and can be traced to the 

ions confined to 

Ile le from the 

tion in the 
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Pig. 82. Diagrams showing the lesion in the main and accessory  
bulbs drawn on a sagittal view of the bulb and peduncle. 
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Fig. 83. Diagrams showing the lesion in the ventro-lateral 
surfaces of the main bulb and the rostra]. part of the 
mutigELAtaatommjama of specimen 174. 
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area and nucleus of the lateral olfactory tract. The 

olfactory cos missural component showed slight and unconvincing 

evidence of degeneration in a few fibres. 

one must conclude that secondary fibres fro-, the 

accessory olfactory bulb are not distributed outside the 

regions which also receive secondary fibres from the main, bulb. 

It !If, be of course that not ell of these regions receive 

fibres from the accessory bulbs, i.e. that their distribution 

is leer extensive than that of fibres from the main bulb. 

The rather small amount of material examined did not suggest 

that this was the case, although it did not exclude the 

possibility. 

InIrAving 	APPgriear cogkq:korY nuokne  

ght specimens are available in which the lesion ranges 

irtually complete destruction of the whole peduncle 

pecimens V.4 and V.9) to relatively trivial damage either 

at the cranial extremity of the nucleus or to the core of 

the nucleus with little direct effect on its cellular layers 
(specimens 174, M.11 and 176). In 114.2 the lesion involved 

the middle part of the peduncle only. In five specimens the 

bulb is destroyed or damaged and in a 1 of them the 

connexions; of the bulb are more or less completely divided. 

In most the ar►terior pole of the hemisphere is also damaged so 

that there is degeneration in the eoasissural and association 

fibres of this part of the cortex. This is not relevant to 

the matters under investigation and will not be described in 



M 11(7) 
	 1 7 6 (14) 

M 15 (12.) 
	 M 8 (2.1) 

Fig, 84, Diagrams showing the lesion in the different parts 
of the anterior olfactory nucleus and bulb drawn on a 
sagittal view of the bulb and peduncle. Photographs of 
specimens M.8 and M,15 are shown in Figs. 71 and 72'(1).142). 
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M2 (21) 

M9.(21.), 

M4 (21) 

Fig. 85. Diagrams showing the extent of the lesion in the 
anterior olfactory nucleus. Compare vith Figs. 73 and 74. 
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detail; it has been allowed for in interpreting the results* 

All these specimens were, stained by the Nauta technique* 

Owing to damage to the secondary olfactory connexions 

(see Figs. 83, 84 and 85), degeneration is found in all the 

basal regions of the hemisphere in which it was found after 

bulbar lesions only. In this respect there is little 

significant difference from the specimens  previously described. 

Some (v.9, 176) showed perhaps a more definite spread of 

degeneration in the molecular layer of the cortical amygdaloid 

nucleus, but as before, the specimens are not uniform in this 

respect and variations seem to bear no relation to the extent 

of involvement of the anterior olfactory nucleus. It was 

noticed with most of these specimens, pnrticulorly L.2, M*4 and 

V*9* that some preterminal degenerating fibres in the lateral 

olfactory tract are found close to the perikarya of pyramidal 

cells in the piriform cortex (Pig. 68) and amygdaloid 

transition area. i'4th lesions limited to' the bulb degenerating 

fibres are seen only in the plexiform layer of these regions 

and the synapses formed are presumably axodendritic. The 

fibres which end more deeply must have degenerated as a result 

of the lesion in the anterior olfactory nucleus and presumably 

arose there*  

The chief differences from the previous s ci*ens are 

found in the state of the olfactory commissure omponent in 

which, in the specimens where the bulb is undamaged (v.2, 144, 

M.9 and 176), degeneration can be studied both rostral and 

caudal to the lesions. It is only in these specimens that 
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bulbo-petal fibres can be studied on the side of the lesion, 

and it must be pointed out that these need not necessarily 

be confined to the olfactory commissural component but could 

run more superficially in the olfactory tracts. Crossed 

bulbo-petal fibres can also be studied on the contra-lateral 
AL007444 

side, but only if they arise in or tetarctsmi to the lesion. 

Bulbo-petal fibres are well illustrated in specimen 11.9. 

On the operated side in sagittal sections many degenerated 

fibres can be followed cranially in the core of the peduncle 

(Pig, 91) to the inner granular layer of both main and 

accessory bulbs. some continuing through the plexiform layers - 

to ramify among the perigloserular cells. There are also 
wela few degenerated:fibres in the deeper part of the 
lateral olfactory tract (Pig, 92), so that there are two bulbo 

petal pathways, superficial as well as deep. Degenerated 

fibres are also found among the cells of the- pars externa and 

pars prindipalls (particularly dorsally) of the anterior 

olfactory nucleus (Fig 90) and some of then probably end in 
those situations. 

In the bulb on the operated side degenerated fibres 
are also present in the core of the peduncle and bulb and in 
the inner granular layer. They are less numerous than on 
the operated side and none den - be traced to the periglomerular 

cells. These fibres suet have arisen in the (ulterior 

olfactory nucleus of the opposite side because no degeneration 

is seen in the bulb after lesions confined to the opposite bulb; 
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I. 894 ' -liotmicrograph 
*thawing dcepaneration in the 
internal emanular layer of the 
bulb on the 1psilateral side 
of the lesion specimen M.9). 
Nouta stain. X 360. 

I‘s J.  

Fig. 90, 711otomicrograph 
Showing intense degeneration 
dorsally and close to the pars 
externa of the anterior 
olfeetory nucleus of the 
ipsilateral side of the lesien 
(MO), ratty stain, x 360, 
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711.1-.. 91, Phot-nicrogre-h 
showing very intense 
deeneration in the 
olfactory comiaisarel 
comoonent in the core of the 
peduncle proximal to the 
lesion (M.9). 	raut ;tnin, 
360. 

Rigs W. Tlhotosicrogrvph of 
the lateral oMotory trvet 
from the some secti;ln and at 
the same level ofthat in lg. 
90 to show the preeence of an 
occasional degeneratin6 fibre 
amongst a great majority of 
normel fibres. X 360. 
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and it can also be said that bulbo-petal fibres can not come 

exclusively from the opposite anterior olfactory nucleus, if 

this were the case the bulbar degeneration should be equsl on 

the two sides, shich it is not. 

Specimen 11.4, with more complete destruction of the 

anterior olfactory nucleus, shove very similar features. 

In this specimen however, it is possible to trace degeneration 

not only to the core of the contra-lateral bulb but to a small 

extent to the anterior olfactory nucleus and to the granular 

and glomerular layers of the bulb on that side, although the 

amount reaching the glomerular layers is very small indeed. 

In gas  the findings are practically identical with those in 

V.4: that is to say, substantial degeneration reaching to the 

internal granular and glomerular layers on the operated side 

(Figs. 93-96) and similar but much leas degeneration on the 

unopersted side. The fact that the degeneration in bulbo-

petal fibres on the operated eide is only slightly greater 

than in 11.9, where the lesion is in the caudal part of the 

anterior olfactory nucleus, suggests that few of these fibres 

can arise in the ipailateral nucleus. In wpecimen 176, 

ith a such smaller lesion in the anterior olfactory nucleus 

the findings are again similar although the degeneration, 

as expected, is much less intense. 	ewer fibres reach the 

periglomerular cells an the operated side than in the other 

specimens and this may be due to the sparing of most of the 

fibres of the lateral olfactory tract (see Gregg, 1962). 



	

i. 	.. ' -- 

.1{/'' 	'i'. 11. 

4 	, 	 a • 0 IS IS 0,  • 4' . 	
. ' ' ,t .. 	40;  

	

I, 	- ....*•, 

14 	
---- '''' 	'.,*' 

Z. 
 , 

'= ' re 	
I3  

9• 

VI."... 4  

47' 

• Ir.;-4.  
; • 

_ 
sv_ 

161 

Pig. ig. 94 

93, 94, ;:hotomicrogravhs showing 
amongst the periglomerular granules on 
lesion (specimen Wo2), rauta stain* 
high power Cx 360) reapectively. 
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Pigs. 95, 96. hotowicrographs showing intense thgenratiun 
in the internal granular layer of the bulb proximal to the 
lesion from the same seetiJa as that shown in Figs  93. Low 
power (x 140) and high power X 360) respectively. 
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In specimens 1.15 and U.8 the loft bulb is completely 
destroyed. In the right bulb (the =operated aide) 

degeneration is again of a similar character but in neither 
specimen could degenerated fibres be seen in the external 

plexiform layer or among the periglosterular cells. 
Degeneration is also present in the dorsal part of the pare 
prinaipalis 01.15 and 14.8) and in the pars taterna (11.15 only) 
of the anterior olfactory nucleus. In the remaining 2 

specimens (174 and U,11) the damage to .the anterior olfactory 

nucleus is slight end degeneration in the bulbs has not been 
studied'. Degeneration in the coamiesural component is very 
slight and in fact the condition does not differ tauchfroc 
that found in the specimens with the lesion confined to the bulb. 

In nor r.al "material it was seen that the olfactory 
commissural component is joined on its lateral side by a few 

fascicles which appear to come from or go to the basal surface 

of the hemisphere in the region of the olfactory tubercle and 
frontal piriform cortex. In three of the experimental 
specimens (w.2, M.11 and )4.9) these fascicles are almost 
completely degenerated on the operated side and very aligatly 

contra••laterally, They could not be traced with confidence 
to their terminations but appear to lead mainly to some diffuse 
degeneration drop to the frontal piriform cortex and olfactory 

tubercle. They are probably fibres which have arisen in the 

anterior olfactory nucleus and end in the basal rhinencephalla 
structures, mainly ipeilaterally but partly contra-laterally 

(Pigs. 97100). 
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Vigs. 99, 100. Low over (Y. 140) and high power (: 360) 
photornphs showing the oMetory commissural cowyonent crossing, 
in the mid-line (from same specimen as that of Figs. 97 Nhd 98), 
Nearly equal numb&ar of degenerating and rlormol fibres are seen. 
Nauta method. 
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Finally in one specimen (VA) a few degenerating fibres 

are seen to enter the medial fore-brain bundle and can be 

followed caudally to the lateral hypothalamic area. 

One may summarise the interpretation of the findings in 

these specimens, all with a unilateral lesion of the anterior 

olfactory nucleus, es follows: 

(i) the anterior olfactory nuele34 contributes a few fibres 

to the lateral olfactory tract which end axe-somatically 

in the piriform cortex and amygdaloid transition area. 

A small contribution may be made to the medial fore-brain 

bundle, but the evidence for this is derived from one 

specimen only; it is not confirmed in the others. 

(ii) Bulb°-petal. fibres resen the inner grahular and 

periglomerular cells of the bulb by way of the olfactory 

commie:lure' component (and to a small extent in the 

deeper part of the lateral olfactory tract). Theme in 

he olfactory commissural component are both crossed and 

crossed and few if any of the crossed -fibres reach 

further than:the inner granular layer. 

(ii 	Some of the commissural fibres connect the anterior 

lfadtory nucleus on one side with that of the other, 

their terminations being mainly in the dorsal -"part of the 

pars prinapalis and in the pars externs 

v) Some fibres from the anterior olfactory nucleus end among 

diffusely scattered cells deep to the olfactory tubercle 

and piriform cortex both on the same side and after 

crossing in the anterior commissure. The evidence for 
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this is strong but not conclusive (see Fig. 109). 

(v) The ftbree mentioned in sections (ii) to (iv) constitute 

the entire olfactory coexists:1ml component and the great 

majority arise in the anterior olfactory nucleus. 

Some of the bulbo-petal fibres could arise in other parts 

of the hemispheres, ipal. or contra-lateral, but if co, 

these parts have not been identified in the present study. 

,Lesions of the ulterior commis cure  

To obtain further evidence about the commiesural 

co exiane of the basal rhinencephalon 5 specimens were 

ed in welch the anterior cosmisoure vas cut in or clone 

median plane. In one (179) only tho intertemporal 

component had been divided, but in the other four specimens 

(178, 180, tr_.10 and M.14) all components of the commissure 

are divided completely, In all oases there le considerable 

damage in such r egions as the corpus callosus, the hippocampal 

commiesure and sometimes the cranial extremity of the 

hippocampus, the septum and its associated fibre systems 

including the stria terminalie the anterior amygdaloid area, 

the lateral pre-optic region and the medial fore-brain bundle. 

For this reason degeneration is widespread in any parts of 
the brain, but only that which is relevant to the commiasura 

connexions of the basal rhinenoephalon will be described. 

Specimen M.9 deacribed earlier (p. 15), can be taken as an 
example of a lesion of the olfactory coemlasural component 

without involvement of the intertemporal component. 
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feral& ORA etrilk tersinAlls• frozen. ftot,,r, section* 



_ 167.» 

In specimen 179 with an intact olfactory component but 

complete division of the intertemporal component, no 

degeneration could be found in the olfactory bulb or anterior 

olfactory nucleus of either side. In the olfactory component 

itself, near the median plane, varicocities and possibly 

fragmentation could be seen in a few fibres. This has been 

a common finding in previous specimens with lesions limited 

to the olfactory bulb and does not differ significantly from 

the condition seen in quite normal control specimens. One 

may conclude from this specimen that there le no passage of 

ffbres from the intertemporal to the olfactory component of 

the commissure, at least in more than trivial numbers. It 

should be noted that this conclusion is based on the evidence 

of one specimen only. However, it could be said that the 

reverse condition is also true because in /4, with a lesion 

of the olfactory component only, no evidence of degeneration is 

seen in the intertemporal component.  

In the intertemporal component of specimen 179 degeneration 

is heavy end the contrast between it and the normal olfactory 

component is shown clearly where they meet near the median 

plane (Pigs 102 and 103). As one would expect in a 

commiesure divided in this situation, degeneration is equally 

marked but incomplete on both sides. it can be traced 

laterally in bundles of fibres passing through the corpus 

striatum to the external c apsule. In the corpus striatum 

the amount of degeneration is surprisingly large but it is lees 
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102. transverse actin showing some degeneratin in 
the intr-temporsi component of the anterior commissure which 
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marked then expected in the external capsule, suggesting that 

many fibres have ended in and ventral to the corpus striatum. 

Some degeneration, probably pre-terminal, Jr.; also found in 

the baso-lateral amygdaloid nuclei on both sides. In 

sections of the stria terminal's at the level of the anygdela 

some degeneration is seen bilaterally but only in a minority 

of the fibres on the side opposite to the lesion. It is 

difficult to say vhether this degeneration resulted from the 

lesion in the commissure or from direct damage to the stria 

itself or to such regions as the septum, lateral pre-!optic or 

subthalamic regions. That the amount of degeneration in the 

stria and amygdala is much greater on the side of the lesion, 

suggests that it suet be due to direct damage to the 

structures mentioned ► 
The degeneration is seen clearly in the stria terminalis 

as it lies dorsal and ventral to the internal capsule and 
there appears to be pre-terminal degeneration in the bed 

nucleus, the medial, the central and the small celled pert 

or the basal amygdeiold nucleus 	follows that the stria 

terminalis contains at least a proportion of ar4gdalo-petal 

fibres. Fibres in the cortical nucleus are particularly 

well stained and all appear no 	ration is also 

present in the 'longitudinal association bundle' between 

the lateral and basal amygdalold nuclei. This again indicates 

that the bundle carries amygdalo-petal and not only amygdalo-

fugal fibres (see p.124). Degeneration in this bundle can be 

traced ventro..laterally to the external capsule and for a short 
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distance in the deeper layers of the temporal piriform cortex. 

In the four specimens in which both components of the 

anterior comaissure are divided, the distribution of 

degeneration in the corpus striatum, stria terminalis,  

'longitudinal association bundle', external capsule and 

amygdala is similar* None is present in these situatiens in 

U*9 where the lesion affected the olfactory commissural 

coaponent only. It follows that none of these degenerated 

fibres can have cose from the olfactory comaissural component*  

In the four specimens 	180, k.10 and.11 14) the 

ol actorycomponent is heavily degenerated on both sides, 

but again as expected, ibout half the fibres are normal. 

Degeneration can be traced forwards in both hemispheres into 

the core of the olfactory peduncle (Pig. 107) and of the bulb 

without any diffioulty. In three of them (180, U.10 and r.14) 
there ie some preterainal degeneration in the pars ezternn of 

the anterior olfactory nuclei and in M*14 it is also found 

in the dorsal part of the pars principalle (Pig. 106)* The 

sajority of degenerated fibres enter the bulb and are found 

in great numbers among the cells of the internal granular 

layer (Pig. 105). Their abundance in this situation contrasts, 

strongly with the very small amount seen in the contra-lateral 

bulb of experiments with peduncular lesion (e*g*  Y*2, U*4 and 

V.9).  
It will be seen that there are two important differences 

between specimens with an anterior coasissure lesion near 

the median plane and those such as 9 with a lesion in the 
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ig. 104 r,hetoolcrograph 
showire; only very few 
degeneratilv; granules aongst 
the periglomerulr cells 
(s:,.ecimen .14 with lesin in 
the anterior commissure). 
.:ompare with :Fig. 94 which 
shows much more decenclrating 
fibres pranbly reaching it 
via the lateral olfz,ctory 
tract. '11.1ta stain. X 360. 

b 
qf 

106, ilotomicrograph 
showing degcneratin6 pre—
terminals amongst cells of 
the anterior olfactory 
nucleus (same sectim as 
Pig. l 	X 360. 

sal• 

105, Photomicrogr u to 
show degenerating fibres in 
the internal tmanular layer 
of the bulb, from the same 
section as thfit of Rig. 104, 
360. 

j„ 	L „ 	Oilicrogr 1-;;Ji 
showii intfnse dei,xlserpti .n 
in olf-ctory commissur/ 
component in the core of the 
peduncle (lonjtudinsl section; 
same as in 7,16, 104). 	X 360, 
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olfactory peduncle. Firstly, after the median plane lesion, 

the degeneration is equally abundant in both bulbs and 

comparable to that in the bulb on the side of the lesion 

when this is in the peduncle. Secondly, after median plane 

lesions, very few of the degenerated fibres reach the 

periglomerular cells in either bulb. These differences can 

be ey.plained if: 

(i) the fibres ending among the periglomerular cells are 

predominantly uncrossed; they might well be represented by 

the bulbo•petal fibres of the lateral olfactory tract as 

suggested by Gregg (1962) and Powell s Cowan (1963),. 

(i1) some fibres join the commisaural component and cross 

to the opposite bulb from regions of the hemisphere caudal to 

the peduncle. These might come from the olfactory tubercle 

or piriform cortex but the present work does not provide any 

evidence for their site of origin., 

The only other obseervs ti to be reported from these 

specimens is that in M. 	degeneration is seen among 

scattered cells deep to the olfactory tubercle on both sides 

which may indicate a connexion with this structure. 

The findings in this group of specimens are genera 

confirmatory of the interpretations based on specimens with 

alone of the peduncle which are summarised on P 

In particular they reinforce the conclusion that the fibres 

which reach the periglomerular cells nrc predominantly 

ipsi-lateral and that the olfactory commiceural component must 
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contain both crossed and uncrossed fibres. 	They show that 

some of the crossed fibres must arise in the hemisphere caudal 

to the peduncle, possibly fro > the olfactory tubercle. They 

show also that there is no passage of fibres from the 

olfactory to the intertemporal component of the commissure, 

the two components bsing quite independent, Because of the 

widespread damage to many structures precise interpretation 

of such of the degeneration seen is not possible, but it does 

show that both the stria terainalis and the 'longitudinal 

association bundle* carry swYgdalompetal es well as amygdalo-

fugal fibres. 



274 - 
pucussior AND GONCLUSAONS  

The main object of this work hns been to record the 

macroscopic and microscopic features in the bassi 

rhinencephallc structures of a aacrosmatic rodent which had not 

been investigated previously. It has included a study, using 

the method of experimental degeneration, of the secondary 

olfactory connexions, and some observations on the distribution 

of AChE, which cannot be regarded as more than preliminary, 

have also bee► recorded. 

It may first be pointed out that the coypu has proved 

a very suitable animal for a laboratory investigation of this 

kind. It tolerates anaesthesia well and remains in good 

health during pcet.operative periods which extended up to 

56 days. 17o mortality and no sign of infection occurred in 

any of the 24 experimental specimens. The tissues of the 

nervous system react well with the neurohistological methods 

employed for the stud► of cytoarchitecturep fibre connexions 
and the distribution of acetylcholinesterase. In short, 
the coypu is a very convenient laboratory animal particularly 
when its greater size, as compared with the rat, is of 

importance. A similar conclusion,was reached by Goldby (4 

Kacker (1963) in a study of the pyramidal motor system of 

this animal. 

The most obvious conclusion that can be drawn from the 

Observations recorded is that in its structure and connexions 

the basal rhimmcephalon of the coypu resembles that of 
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comparable macrosmatic mammals such as the rat, very closely 

indeed. The few small points of difference which have been 
noted do not call for extensive discussion, 

So far as cytoarchitepturg is concerned, the primary 
olfactory receptive centres in the main and accessory 
olfactory bulbs are essentially identical with those of other 

macrosmatic mammals. Secondary olfactory centres. defined 

as those regions whichrectelve fibres originating in the main 

and accessory bulbs are also of the usual pattern. They 

include the anterior olfactory nucleus, the olfactory tubercle, 

the frontal and temporal piriform cortex, the nucleus of 

the lateral olfactory tract end the cortical amygdaloid 

nucleus. It should be pointed out that in spite of 

differences in terminology, all these reijons, with the possible 

exception of the nucleus of the lateral olfnetory tract, can 

be classified as cortical in type. They ere all funJamentally 

similar in presenting three main laminae molecular, 

pyramidal and polymorphic - and in all of then the specific 

afferents from the olfactory bulb lie in the molecular layer. 

Synaptic contacts are almost certainly axodendritic in type. 

Together they form en extensive paleo..cortical area which 

reaches into the olfactory peduncle as the anterior olfactory 
nucleus. In spite of differences such as the presence of 

islets of Calleja in the olfactory tubercle, the common 

features provide ample justification for classifying all 

these structures together. 

The only other cortical area which has been studied is 



the entorhinal. This is well developed in the coypu but 
differs from the paleo.cortical areas in the absence of 
secondary connexions from the bulbs and in its more complex 
and very characteristic cytoarchitectural lamination. These 
features say justify its classification as intermediate 
between pales- and neo-cortex. 

The other structures considered, the septum medially 
and the amygdala laterally, are nuclear in character. The 
septum is well developed and its major sub-divielons, as 
described in other mammals, can easily be recognised but it 

mould not be possible to justify, on the bRais of the present 
material, a sub-division into as many different nuclei as those 
identified 'by Andy & Stephan (1959) in the galago. It is 
very difficult, however, in making comparisons, to say how 
far differences maybe due to different subjective 
preconceptions of how marked the variations in cell type and 
density of pacteing must be before they justify identification 

separate nuclei. 
The amygdala Is also well developed and can certainly 

be described in the same terms es 	used for other mammals. 

The major sub-division into cortico•medial and baso-lateral 

Pe of nuclei is easily established. The finer 
db-divielons run up against the difficulty that many of the 

crthed nuclei are extremely ill-defined and often blend with 

surrounding structures. It is suggested that the cortico-
amygdalold nucleus and the transition area to the piriform 



. 
cortex are more naturally classed with the other paleo-

cortical structures of the basal rhinencephalon and possibly 

the same can be said of the nucleus, of the lateral 

olfactory tract. Cr the remaining anygdaloid nuclei only 

the lateral nucleus is clearly defined cytoarchitecturally„ 

although the sagno-cellular part of tho basal nucleus le 
closely associated with it and could easily form its ventral 
part. The small celled, so-called medial part of the basal 
nucleus is so different from the magno-cellular part and 

so closely related to the medial and cortimo-amygdalold nuclei 
that it could reasonably be classified with the latter rather 
than in the baso-lateral group. 	The central nucleus is 
very difficult to separate from the overlying putamen and 
the name "anterior amygdalold area" clearly indicates the 
lack or clear-cut boundaries in this region. The 
conventional alas ification or the amygdeloid nuclei is based 
om Johnston's embryological and comparative anatomical 
observations, but recently Eolkegami :LA (1955) and 
Koikegami (1963) have pointed out that this may be unsatiefactry 
from a fUnctional point of view. They a ree that the large-
celled part of the basal nucleus should be grouped with the 
lateral nucleus because it has autonomic and extra pyramidal 
functions. The saall.celled medial part on the other hand, 

they consider should be classed with the medial and cortical 

nuclei which carry out autonomic functions only. In their 
view, the baso.lateral amygdaloid nuclei (the striatal part 
of the amygdala of Holagren) form the amygdala proper. They 
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accept, however, Bologrents definition of the corticamedial 

nuclei but including the small.celled part of the basal nucleus, 

as a sub-pallial part of the amygdala. 

There is also the question of the relationship of the 

amygdala to olfactory function. It is generally stated 

that this is located mainly and perhaps exclusively in the 

eortico-medial group of nuclei. Some doubt is thrown on 
this by the observations of Breathnach & Goldby (1954) that 

these nuclei are well developed in the anosmatic porpoise. 

There is in fact little correlation between the relative size 

of the nuclear group as a Whole and the abundance or absence 

of olfactory tract connexion*. When such connexions are 

present, as is the case in all but anosmatic anneals, some 

reach the cortical nucleus but the spread to the cortico-

medial group as a whole is questionable and sill be discussed 

later. 

The varied distribution of acetylcholincsterase in the 

basal rhinencephalon makes possible some further distinctions 

among the structures concerned. In the paleo.cortical 

regions, all of which receive secondary olfactory connexions, 

only the olfactory tubercle and the nucleus of the lateral 

olfactory tract are strongly positive for the enzyme and both 

these regions can be regarded as specialised from the 

cytoarchitectural point of view. The nucleus of the lateral 

olfactory tract is less cortex-like than any other part of the 
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paleo.cortex and the tubercle contains the very 

characteristic islets of Calleja. The concentration of AChE 
is an additional reason for separating them from other peleo-
cortical areas. A further distinction between the 
entorhinal and piriform cortices is also established by the 

concentration of AChE in the second layer of the former and 

its almost complete absence from the whole of the latter. in 

the amygdale the AChE distribution gives some justification 
for separating the basal from the lateral nucleus, in that 

the basal is much more strongly positive for the enzyme than 

the if -Anita*. 

-dtaagasigaadolloommiasowilloisamasommiakattr. 

It may be concluded that. these preliminary observations 
indicate a 

general similarity' between the coypu and other rodents so far 
as the distribution and behaviour of AChE is concerned and at 
least establish a case for more extensive study. 
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The fibre connexions which have been studied can be 

discussed under three main headings, all with reference to 

the olfactory 'bulb: 

1. The olfactory tracts. 

2. The olfactory cossissural component, and 

3. The connexions of the amygdala. 

1. The olfactory tracts. Lesions limited to the bulb, with 

or without involving the accessory bulb, lead to degeneration 

in the lateral olfactOry tract only. These fibres are all 

distributed within the molecular layer of the paled-cortical 

formations described above, although they were traced only 

to the anteroi.lateral parts of -the olfactory tubercle and 

the cortical amygdalold nucleus. 	one can be traced to the 

septum, none to the hippecampal formation, and although a 

few nay reach the anterior margin of the entorhinal cortical  
area, their number is so swell that they can hardly be 

considered significant. Terminations of secondary olfactory 

fibres in these situations have been confirmed  by all other 
investigators whether using the Marchl, Glees or Volute 

histological techniques. It should be noted that all 

experimental investigations also agree in finding no evidence 

for the presence of a medial olfactory tract carrying secondary 

olfactory fibres to the septum or related structures. 

Whether some or all of the fibres running to the olfactory 

tubercle should be called an intermediate or accessory 

olfactory tract is merely a wetter of terminology. There 
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seems no need to introduce such a term at least in the coypu. 

An important point is the dbeence of significant 

degeneration from the olfactory commissural component when 

the lesion is confined to the bulb. Attempts at complete 

bulbar ablation almost Inevitably cause some damage to the 

anterior olfactory nucleus, the roatral part of which extends 

into the bulb end it is only when this structure is damaged 

that degeneration appears in the olfactory commiesural 

component. All efferent fibres from the bun, whether coming)  

from the mitral or the tufted cells, run superficially in the 

lateral olfactory tract (Fig. 108). In this conclusion the 

present work is in agreement with the early observations of 

van Gehuchten (1904) and the more recent studies of Young 

(1941), both using the Marchl method. It also agrees with 

those of tAhite (1964) Lohman (1963) and others the used the 

Vaute technique. It appears therefore that in studies in 

which degeneration has been found in the olfactory commiesural 

component after what are claimed to be pure bulbar lesions, 

this result is due to associated damage to the anterior 

olfactory nucleus which has not been allowed for 	This 

point will be discussed further in the next secti 

21, 	' ,'.le o factory co wirguppi, compopent. Unequivocal 

degeneration in the olfactory commissural component is found 

only when the anterior olfactory nucleus Is Involved 

in the lesion (with or without involvement of the 
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Fig. 108. A erawing of the ventral surface of the coypu brain 

to ohm the secondary olfactory connexions. 
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olfactory bulb) unless this Cosponent or the anterior comsissure 

is damaged directly. Its fibres cannot therefore come either 

from mitral or tufted cells. This conclusion does not-agree 

with that of.Cojal (1911) and later Allison (1953a) who thought 

that two relatively independent pathways for bulbs-fugal 

conneklonc could be demonstrated: a mitral Coll-olfactory 

tract system, and a tufted cell..0n erior .commissure system. 

Cajal, however, admitted that the axons of the tufted cello Fire 

fine and difficult to follow through the maze of fibres in the 

inner layers of the bulb and the retrograde changes in tufted 

cells after lesionss of the anterior commisture, reported by 

Allison, ere not very marked. Allieon emphasised the variable 

appearance of these cells even in normal preparations, end in :e 

later paper points out t144 "the occurrence of retrograde 

atrophy rather than- complete cellular degeneration can 

presumably be attributed to the existence of well-develop d 

eellnterals in the bulb, which remain in a partially 

functional condition after the safe axons ere destroyeds 

(Allison, 1953b). The balance .of evidence is now strongly 

against an origin of fibres in the anterior cosaaissural 

cempOnent from tufted cells in therbulb. 

The fibres Of the olfactory commiaeural component . a 

etributed to the deeper layer' of the tubercle and pirif 

Cortex on the same aide, and, after crossing, to the same 

regions on the opposite side and to the contra-lateral bulb. 

In this conclusion the present work n rees with that of Fox 

Schmitz (1943), Cragg (1961) and Powell sI.41. (1963). The 



184w 

fibres which reach the opposite bulb end mainly in the 
internal granular layer but also, as described by others, in 
pars externa and pars principalls of the anterior olfactory 
nucleus, particularly dorsally (see Fig, 109). . The preseTt 
experiments also suggest that bulbo-petal fibres arise from 
the basal areas of the brain and not only from the opposite 
anterior olfactory nucleus. Such fibres terminate mainly in 

the internal granular layer but a few can be traced to the 
external plexiform layer and to the periglomerular cells, .  

The material indicates that the majority of bulbo-petal fibres 
travel with the olfactory commissural component but a few, 
probably those reaching the perigloserular layer, may travel 

In the deeper layers of the lateral olfactory tract as 

demonstrated by Cragg (1962) and Powell & Cowan (1963). The 
exact origin of the bulbo-petal fibres that arise from the 
base of the brain cannot be determined from the present work 
but the observations of owell slAjo  (1963) suggest an origin 
mainly in the olfactory tubercle and the frontal piriform 
cortex. 

All these observationsshow that the olfactory component 

of the anterior comsissure is not a simple interbulber 
coamiseure as described by Cajal*  Like the sub-cortical white 

matter elsewhere it is a complex of aseocistional, commisaural 
and decussating fibres which interrelate the different parts 

of the basal rhinencephalon on both sides of the brain. The 
fibres which end in the bulbs may repiesent the 'feed-back9 
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Fig. 109. A semi-diagrammatic illustration of a horizontal 
section of the brain to show the olfactory commissural 
component. It originates mainly from the anterior olfactory 
nucleus, crosses in the midline and terminates in the 
opposite anterior olfactory nucleus and internal granular 
layer. Few fibres are also distributed to the olfactory 
tubercle and piriform cortex both ipsi- and contra-laterally. 
The experimental findings suggest an origin of some of the 
fibres from these latter structures. 
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mechanism postulated previously by Allison (1953b) and by 

Kerr & Ragbarth (1955) on electrophysiological evidence, 

3. 	The prarzslale441 ponnexJ ops 	The distribution of 
secondary olfactory fibres to the alnygdala will be discussed 

more fully because of the difference in our findings from 
those obtained with another silver method (the Glees technique). 

The distribution of lateral olfactory tract to the nucleus of 

the tract, the anterior amygdaloid area and the amygdaloid 
transition area has been described, generally by all other 
ivvestigators and a few fibres spread medially in the antero-

lateral part of the cortico.amygdaloid nucleus. There le no 
evidence of connexions in any other part of the amygdala of 
the coypu. The endings are mostly azo-dendritic in type. 

The absence of degeneration from the baso-lateral 

aaygdaloid nuclei is also in agreement with the findings of all 
other investigators, This is not so with the absence of 
degeneration in the central, medial and the greater part of the 

cortleoi.anygdalold nucleus end in the bed nucleus of the atria 
term/nails. VVorkere using the Glees silver method have 

found secondary olfactory terminations in all these situations. 

notably be Gros Clark & Meyer (1947)in the rabbit and to a less 
extent Allison & Meyer, (1949) i21 the monkey*  end Adey (1953) 
in the phalanges*. It le not likely net the negative 

findings in the coypu can be explained an the result of a 

technical failure to stain degenerating fibres by the Nauta 
technique*  •Pelee positives are commoner than false negative 
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results with this method, Our specimens were all consistent, 

and were studied after survival periods which varied from 

7 to 56 days and in other situations all Showed clear cut 

and characteristic evidence of degeneration, if fibres from 

the bulbs ran in significant numbers to the central and medial 

nuclei and the bed nucleus of the stria terminalls, it is 

extremely unlikely that their degeneration products would have 

remained unstained. It has been emphasised earlier that the 

Glees method tends to give inconsistent results in different 

hands and recently it wee particularly stressed by r.owell &LAI, 

(1963) that it tends to show pseudo-degeneration bilaterally 

in certain regions of the brain which ere pertinent to this 

study. Moreover, negative findings as In the coypu have been 

reported in recent years by nearly all authors using the 

Naute technique in different samsals ranging from rodents to 

primates. The balance of the evidence is therefore very 

strongly against the termination of any s econdery olfactory 

fibres in the deeper nuclei of the amygdala. 

The experiments in which the inter-temporal component of 

the anterior commiseure has been transected just lateral tc.) the 

aid-line gave interesting results concerning some of the 

amygdaloid connexions. It carries some inter-aandalold 

fibres (as shown by Humphrey, 1936), but only a few are 

connected with the baso-lateral nuclei, as pointed out by 

Brodal (1948). Most of the amygdalold connexions are found 

in the stria terminalis and the 'longitudinal association 
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bundle'. In the older literature and in a fairly recent 

description (Fox, 1943) the stria terminalia was considered 

to be the major pathway/cm the amygdela. The present work 

shows that it also contains amygdalouTetal fibres in accord 

with the observations of Banta (1958) and Shute k Lewis (1963). 

Caudally directed fibres of the 'longitudinal association 

bundle' in the coypu are even more numerous (as mentioned by 

Powell DIAL., 1963) and they appear to terminate mainly in 

the large-cell parts of the lateral and basal amygdalold nuclei; 

a few pass laterally to the deeper layers of the temporal 

plriform cortex. Whether the roetrally directed fibres 

of this bundle contain fibres from the amygdala only (as 

described by Yenta, 1961) or also fibres from the piriforin 

cortex as well as the amygdala (as described by Powell ,et al., 

1963) cannot be said definitely from the coypu material 

available. What becomes clear, hoirever, from all these 

observations, is that there Is a very definite and profuse 

reciprocal relationship between the amygdele and the 

go would appear to be of much greater 

co than the very scanty secondary 

olfactory connexion., and would be in accord with the 

peralatence of a well developed amygdala in the anoam 

porpoise (Breathnach Goldby. 1954) and in microematic man 

(Crosby & Humphrey, 1941). It is interesting to'note here 

that in one of the experiments with retrobnItar lesions 

cholinesterase activity disappeared only from the ipsi-lateral 

hypothalamus* 

functional s 
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nucleus of the lateral olfactory tract and was unchanged in 

other amygdaloid nuclei. 

The above . Lentioned findings are also in accord with the 

neurophysiological observations of Pox 2.1.1110  (1944) who report 

no potentials from the amygdaloid nuclei after stimulation of 

the olfactory bulb. They have. however. recorded potentials 

from the nucleus of the lateral olfactory tract. 'Finally it 

can also be added that rats (Swann, 1934) and dogs (Allen, 1941) 

with bilateral destruction of the amygdala still retain the 

faculty of olfactory discrimination. 

Stimulation of the amygdsla does not give consistent 

results concerning the localisation of function in the 

cytoarehltectonically defined sub-nuclei. it appears 

however that the antero-medial division resl.onds with autonomic 

and somatomotor effects, and the lateral division witE various 

behavioural changes. Recently Green, Clemente & De Groot 

(1961) demonstrated that lesions confined to the amygdalr did 

not alter sexual behaviour and that a state of hypersexuality 

occurs only when the lesion involves the piriforn cortex 

as well. Po•well ALAI (1963) have shown that the piriform 
cortex sends a substantial projection to;the hypott lamus, 

thus providing an anatomical basis for the well-known 

relationship between olfaction and reproductive behaviour. 

These authors have also shown that the piriform cortex sends 

some tertiary olfactory fibres to the amygdala. 

A detailed study of the fibre connexions of the serIum of 
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the coypu brain hos not been undertaken and the few findings 

can be summarised as follows. In one experiment with a lesion 

in the anterior olfactory nucleus, some,degenerating fibres 

were seen passing in the medial fore-brain bundle to reach the 

lateral hypothalamic area, as described previously by Young 

(1936) and Lohman (1963). On their way they run very close 

to the nucleus accuMbens septi and the nucleus of the diagonal 

band, and there is an indication that some 	end.w,ongst the 

cells of these nuclei. The few experimento in wilch the 

septal region was damaged directly also indicated the presence 

of septo-amygdaleid connexions rte the diaconal band of 7roca 

and the 'longitudinal association bundle' as described by 

Powell qt ell  (1963). AlthOugh no Secondary olfactory fibres 

have ever beentraced to the septut'it appears to receive some 

tertiary olfactory fibres from the anterior olfactory nucleus 

and probably from the olfactory tubercle. The close 

structural relationships between the septuO, amygdala, 

hippocampus and hypothalamus is leading many authors to suggest 

the possibility that they form an integrated mechanism which 

is not necessarily dominated by olfactory fUnctien. 

,the term "rhi encephalon" anitthe function of smIll  

It has been mentioned in the introductory pages of this 

thesis that if the term "rhinencephalon" is to be used at all 

it is important that it should be defined precisely in 

morphological terms as emphasised in a recent publication by 

Prodal (1963). A possible morphological criterion would be 
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the direct reception of secondary olfactory fibres from the 

bulb. The only structures which undoubtedly receive such faces 

in the coypu and other mammals are the anterior olfactory 

nucleus, olfactory tubercle piriform cortex, nucleus of the 

lateral olfactory tract and the antero-lateral part of the 

cortical amygdaloid nucleus. They, together with the bulb 

could form a precisely defined rhinencephalon which would 

exclude the septum and most of the amygdala and of Brocals 

*limblc lobe. Even so, the term "olfactory system" rather 

than "olfactory brain" would be more appropriate since the 

latter term includes embryological implications. 

It is relevant here to refer to the following statement 

by lliot Smith (1897): 'the rhinencephalon certainly fulfils 

other functions than that of a smAll centre, since parts of 

it exist in anoamatic cetaceans. If we use this term, 

therefore e will be met by the paradoxical statement that 

eoeilaees animals still pos  ese a "smell brain" 	The 

term is still widely used however and in a recent publication on 

the anatomy of the rhinencephalon Gastaut a Lammers (1961) 

defend this usage on the practical ground that it is understood 

even if Inexact and perpetuating a very old error. It should 

however be stated that the concept of a rhinencephalon has 

been greatly modified in the recent years, owing to the evidence 

for restricting the olfactory center's  to certain parts of 

the base of the brain. The olfactory centres no longer include 

the great limbic lobe of Troca and its sub-cortical cell 

stations (amygdala, septum, hypothalamus, anterior thalamic 



. 192 

nuclei and perhaps the epithalamus). Recently MacLean (1952), 

who has elaborated the theory of Papez,(1937), maintained ttat 

the limbic ldbe of Broca and its sob-cortical cell stations 

forms a system which is concerned with,n variety of emotional 

and visceromatic reactions, and he na:ded it the "limbic 

system". Earlier he referred to it na the "visceral brain" 

and this was done 'to help dispel the notion it had primarily to 

do with the sense of smell' (MacLean, 1954). All the recent 

experimental, anatomical and physiological data are in favour 

of YacLean'n ideas. Accordingly it is suggested here that the 

structures previously included under the comprehensive term 

rhinencephalon can be sub-divided to form a strictly "olfactory 

system" as defined above and , a "lisibic system" wich is 

concerned mainly, with visceral and behavioural mechanisms. 

The structures which make up the latter system are found in all 

mammals whether they be macro atic, aicrosmatic or even 

anoematic, some being actuelly better developed in higher innimale 

with a much reduced olfactory system. The amygdala for 

example reaches its greatest development in the microsmatic 

primates and Prodal (1947e) also empheel es the non olfactory 

fUnction of the hippocampus by referring to LOBO (1936) 	Rose 

stated thnt if comparisons are made betweer the size of the 

olfactory bulb and the hippocampue in vnrioua macmalian species, 

the extreme position is occupied by Ian, who has relatively 

(and absolutely) the largest hippocempus. From his 

cytoarchitectonic study Rose concludes that in man the gyrus 

hippocampi (including the entorhinal area) is no rudimentary 
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structure but, so far as certain sub-divisions are concerned, 

even a specific human organ. In conclusion it must be 

emphasised however, that all these structures ere very closely 

related to the secondary olfactory centres and the majority 

receive tertiary olfactory connexions. It can be said that 

a somewhat attenuated olfactory influence reaches them, to be 

correlated with the varied information which comes from other. 

sources. Berry gi.A1, (1952) showed thet action potentials 

may be recorded from such structures es the amygdaln and 

hippocampus when the olfactory bulb of the cat is stimulated 

with long pulses. The long conduction time, howeverp suggests 

a multisynaptio pathway. It must also be stated that similar 

potentials have 'been recorded from such widely distributed 

projection fields as the corpus striatum and even the 

cerebellum and other regions which have never been considered 

as parte of a rhinencephalon. If the term is to be applied 

to all parts of the brain which may be influenced, however 

indirectly by olfactory function, it would seem to have little 

value. An arbitrary 
	nation must be adopted and defined, 

and it is suggested that a •limitation to the primary and 

secondary olfactory centres in the fore-brain would be the 

most appropriate. 
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APPRIMIX I  
(surgical procedure) 

AhaePtAeFit 
Rther by inhalation was the anaesthetic used in all the 

experiments. The animal is picked up by the tail and placed 
in a wooden, box through which air, saturated with ether vapour, 
is pumped by means of a foot-bellows. After the animal is 
transferred to the operating table, the ether anaesthesia is 
then maintained throughout the operation by means of a 
conical mask placed over the snout. Premedication with atropine 
or nembutal was not necessary and the animals did not show 
signs of excessive mucous secretions in all operations which 
sometimes extended up to l hours. Recovery from anaesthesia 
was very quick and no post-operative complication nor death 
occurred in any of them. 

Onergtive tee/IR/loges 
lesion, in lftblillba,andt  anterAor o;factory nucleus  
The skull is exposed by a mid-line dorsal incision 

extending from the frOnto-need to the fronto-parietal sutures. 
The periosteun is incised in the mid-line and detached to the 
left. When the olfactory bulb is to be ablated cranial to 
the accessory bulb then a email opening Is made in the skull, 
by means of a dental drill, half-way "between these two sutures 
slightly to the left of the mid-line. This point Iles almost 
exactly over the middle of the olfactory bulb as studied from 
a sagittal section of the head of the coypu. Fig. 110 shows 
the relationship of the cranial sutures to the different parts 
of the brain. The dura is then opened and the excision .of 
the bulb is made by an iridectogy knife and then the bulb 
scooped by means of a melbosian cyst scoop. Sometimes the 
ablation was made by thermoi.cautery, and occasionally auction 
was used. Haemorrhage following the removal of the bulb was 
slight and readily controlled. By using bone wax or a piece 
of temporal muscle haemorrhage from bone during drilling 
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was controlled without any difficulty. For making a localised 
lesion in the accessory bulb thermo-cautery was used and the 
site of drilling is shown in Figure 110. 'For making lesions 
in the anterior'olfactory nucleus the drilling was made slightly 
caudallylPig. 110) and the olfactory peduncle was approached 
through the frontal pole. 

Transection ,or the ,anterior commiaaur  
. 	This was done by inserting a narrow knife blade either in 
the mid.line or a few millimeters laterally r_t the level of 
the commissure, i.e. about the level of the fronts-parietal 
suture of the skull (Pig. 110). The knife was inserted to a 
depth of 15 am. from the outer surface of the skull, a distance 
which would carry its point a little ventral to the level of 
the eommissure. An antero.posterior cut was then made through 
a distance of about 5 mm. 
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Tip of bulb. 17,14'40=12 mm. 
P.P.S. - P.N S. 	.=33 

P.r.c.=Frontonasel suture 

.P.S.=Prontoparietal • 
suture 

11=/.'sin bulb 

A=Accessory bulb 

N=Anterior olfactory 
nucleus 

C.A.=Anterior 
comminsure 

Fig. 110. A scale drawing showing the dorsal surface of the 
brain superimposed on a drawing of the skull to show the 
exact site where drilling was made for performing the surgical 
lesions. X 2. 
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APPIMIDIXI;  

(Neurehistological techniques) 

ToWdlne flue method (modified . "Tissl staining) 

1. Fix tissue in 107 formalin (or acid alcohol). 
2. Make celloidin section 30 r thick (or paraffin 10 p.  

sections). 
3. Put sections in 15 toluidine blue and 1,7 borax (i-1 minute). 
4. Rinse rapidly in water then transfer to 70;' alcohol 

(2 seconds), 
5. Differentiate for 1 second in Gothard's differentiater 

(pure creosote 50 ml., Cajupat oil 40 ml., zylene 50 ml., 
absolute alcohol 150 al.) + chloroform when using 
celloidin. 

6. Back to X":. alcohol and so on until properly differentiated. 
7. Transfer to absolute alcohol + chloroform for a few 

seconds. 
IL Clear in sy1ol. 
9. Mount in balsam. 

(Nisei bodies blue Against unstained cytoplasmic background; 
nuclei nearly colourless 	ept for the nucleW 

LpZes 194102#Wn  of  alF9* AMIlimd  (for staining myelin sheath) 

1. Pix material in 10: formalin. 
2. Cut celloidin section (20-,40 p) and store in 70. alcohol. 
3. Bring sections down to water and mordant them. in 

saturated iron alum for 1 hour at 55 0. 
4. Wash tkoroughly in distilled water and stein for 11 hour 

at 550 in: 10, alcoholic haematoxylin 10 cc, distilled 
water 90 cc and saturated lithium carbonate 1 cc. 

5 	Pass through water and differentiate in saturated iron 
alum solution. 

6. 	Wash well in water and differentiate again in; borax 2.0 g., 
potassium ferycyanide 2.5`g., distilled water 200 cc. 
tash thoroughly in distilled water, dehydrate, clear and 
mount, 

ue myelin sheath against a colourless backg 

prie 1196) iscdifiptaicet of)coelle lephnleue qr.c o ineetiereee 

1. 	Fix by perfusion with 10;.°: formal in isotonic sodium  
sulphate followed by 7 hours in the same fixative at 4°C. 

2 	Immerse the fixed tissue in 20/ aqueous alcohol over-
night so as to improve the section*cutting. 

3. 	Pipette about 1 ml of filtered incubation medium into 
consecutive cups of a large 'Perspex' tray. The 
incOptien me  g=  is made up as follows; dissolve 100 az. 
acetylthlocholine iodide in 4 ml, distilled water. 
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Precipitate with 7 ml. of M/10 CuS0hip Add the initial 
portion a drop at a time shaking after each addition. 
Allow to stand for 10 minutes after completing addition 
of CuSO4. Centrifuge at 2,000 r.p.m. for 15-20 minutes. 

Pipette off 10 ml. of supernatant and add to it 62 ag. 
glycine. :Then the glycine has dissolved add 2.5 ml. 
5/1 sodium acetate to give a pR of 5. 'Jake up to a total 
volume of 50 al, with distilled water. 

4. Cut frozen sections 25-100 It thick and transfer each 
section with a brush to the appropriate cup. 
Keep the tray at room temperature. The incubation time 
could be varied between 3 to 6 hours (thicker sections 
need less time). 

6. Remove incubation medium with a pipette and wash twice. 
7. Transfer sections to a clean tray and wash with distilled 

water. 
8. Replace the water with ,spdium sulnhAde  solution prepared 

by dissolving 2.5 g. sodium suiphide in 110 ml. N/5 
acetic acid to give a final pH of 5-6. 

9. After 2 minutes pipette off the sulphide solution and 
refill the cups with distilled water. 

10. Mount sections os albumenised slides dry, then store 
overnight at 37 	Take them directly to absolute 
alcohol, xylene and then cover in neutral balsam. 

(Brown deposit of copper sulphide in cholinergic neurones.) 

Nauta..0.vapx technioge  

1. 	Fix the brain in 10-; neutral for plin for 2 weeks to 
6 months,. 

2* 	Cut frozen sections 1545 V 
Mount sections on gelatinized slides and flatten them. 

4. Wash briefly in distilled water, and soak sections in 
phoephomolybdic acid for 30 minutes. 

5. Without washing, transfer sections to 0,05'1,  potassium 
permanganate for 61 min. 

6. Assemble sections in distilled water and decolourize in 
a mixture of equal parte of V: hydroquinone and 1' oazlic 
acid, 2 minutes. 
Wash thoroughly in 3 changes of distilled water and sock 
sections for 15 min* in 1.5'7 silver nitrate. 
From here on transfer sections individually, ("nick wash 
in distilled water, and transfer sections to a mixture oft 
silver nitrate 44.5. ethanol 10 ml., strong ammonia 
2.3 mle, sodium hydroxide 1.5 ml, 2.5`' act. Only 	 
in this solution. 
Transfer the sections to the reducing fluid (distilled 
water 400 ml., pure ethanol 45 ml., 10;, formalin 13.5 ml., 
1: aqueous solution of citric acid 13.5 ml.) 10-15 min 
(a brown colour will develop within 1 min.) 
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10, 	wash briefly, tben pass the sect inns through 1;' sodium 
thiosulphate for 10-15 min. 
Wash in 3 changes of distillcd water, up the alcohols to 
xylol, and mount in balsam. 

• In the original technique the sections are mounted after 
staining*  

(The degenerating axons are stained black and show typical 
drop-like disintegration with the normal, axons staining brown„) 

Swank.Mavvmor (;935) ao4itkatim 9f rarphi tectinimje  

1. Perfuse the brain with 105 formalin then carefully remove 
the brain. 

2* Fix in 10,r',  formalin for 24.48 hours and then cut email 
blocks (not more than 3 an thick). 

3. Place these thin blocks for 7-10 day* in the following 
solution: r! potassium chlorate 60 cc, 	osmic acid 20 cc, 
glacial acetic acid 1 cc, commercial formslin 12 cc. 
Put glass-wool at the bottom of the container to ensure 
uniform impregnation* 

4. Wash in running water for 210.36 hours. 
5* 	Dehydrate thoroughly in graded alcohols. 
6. Embed in celloidin after two changes in absolute alcohol. 
7. Cut sections at 25 v and'atore them in 74C alcohol. 
8. Dehydrate individual sections in changes of 96% and then 

absolute alcohol. 
9. Clear in viol and mount in Canada balsam.„, 
10. Dry the slides overnight in the oven at 37-0. 
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