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. "The naiﬁ dbjéct of thia-iork ﬁas beén tdlsfudj the basai'
| vrhinencephalic structures of a macrosmatic rodent (gxgggggg:
>‘ sgzngg) which had not been 1nsestigated pravicualy. It hes
'1uc1uded a study, uning ‘the method of axperiaental degeneration,
of ueeanﬂany'olractery'connexiona, anﬁ.soue preliminany
dbservatiana on the distribution of chollnﬂaterase.v -

, So tar as cytoarchitecture is concanned. the olfactorv buxb '
18 essentially fdentical with that of Other macroamatic mammala )
such as the rat. : Secundany olractorv centres, defined as thoae '
vragiona which rccaive fibvea originaung m the min snd
aceessory buxbs. are alan of the usual rattern.-v They incluﬁz
B the antprior 01ractory nueleus, the olractory tﬁberele, the
;;frontal and tempcral piriform cortex. thc rucleug of the lateral .
 ,01ractory tract and the cortical anygdaloid nucleus, . The'
 ‘antorhina1 aree i well developed but dirrera from the paleo-
cortical‘aveaa in the absence of secondary connexions from the “
. bulb snd 1n its uore eonplez and very characteristic
'cytoarchitactural lanination. ” 3

~ The septun e well develbped and ite najor sn‘b-divisions

| can nnany be recognised, but it would not, be poaszmy to Justity,
x on the baais of tbe preaent mater&al, a aubndlviziqn 1nto 1

‘many different nucled aa those 1dentified by some inveatigators. i

i The amygdaln 13 alao well developed anﬁ 8 &etailed study hes

been undertakan due to the growing 1nterest in the “limbic
ayeton' of which the anygdale ig a part,. .
The distribution of cholinecsterase in the bdrain indicstes a
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' _general siailarity betwcen the acypu anﬁ other rodanta and the
 1ntereat1ng prelinlnary dbservatiana in.the experiaentel npoeinen.
~ establish a case for more extenaive ntudr. PR o
" Lesions 1imited to the buzb, with or ‘without 1ayolving tha
ﬂacceasory buIb, 1ead to degeneratiqn 1n the 1atera1 olractory |
vtract only and is diatributeﬁ to the aaeondany olfactory eentrea
defined above, Ko rrbre- could be traced to the aeptum, | |
»:_hiﬁpoeampal formation, qntorhinal arca end the greater part of
‘the smygdale. Unequivocal degennratinn in the altaetony
‘cannisaural cnmponant 18 found nnly‘rhen the anterior olractcry
nncleua is involtea in the leaian unloss this coapanent or
the anterior comminaura 15 aamaged directly, The expcriments
~ also euggest that buIbo-patal fibres erice from the ‘besel areas

';j'or the brain as well as from the Oppoazte anterior olractnry

‘nucleus, Therexis detinite _reciprocal relatiunship between
" the amygaaza end the hypothalamus which would appear to be of
greater rnnptianax»aagnzricanne then the very scenty ceconaary
olfactory connexions, (conclutioma ere based mainly on
’vﬁanta-aygux (1954) Preparatiuns) '
, _ The uaa of the term "rhinanecphnlon" is discuesed ﬂ
. oriticaily end the auggestian is given to sub-divide the
. strncturet praviously 1nu1uﬁed under this comprehensive term
_ into = strictly "olfsctory systes” and a "limbic eystem” which
18 concerned meinly with visceral and behavioural mechanisne.
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- ANIROpUgIION
. Recantlr considerable attention haa beﬂn aireeted to the
“ ”rhinoncephalan". and it hes bean carurullr reviewed in the '
1light of modern technical netheds or investigation (see
~ G-staut & Lanaars, 1961- Barxmann & sehade, 1963). ,The_j
concept of a rhinenaaphalcn !na largezy‘baaed on the sccounts

 of early 1nveatigatcra who had to rely ror their canclusiﬂne

"on uacroscapie dbservatianu end the examlnatian af eigert or
ﬂiaal sactiona of nnrmal mater&al and occaaionally %archi |

1 preparationa., The limitaticna of thase»mothoda are now
\widelr recagnised. Thm concapt owed nueh to comparative

- nauroanatoaiaal atudiea anﬂ the~raal£aation that, in primitive |
__vertebratas such as cyulostoues, the farewbrain has &

Hprinary relationship with 0lfactnry rnnatxon and at that N
evolutionary level the terms “rhinenceph&lon“ and " |
"“prosencephalon“ are alaoat 1nterchangaab1e. ‘ It waa af courge
rocognine& that in the mare aarnnceﬁ varaﬁhratea the roreubrain
 'had taken on many other functions (the praeesa of :
7"prouenaqphnlieatian"), partieularly in mamnala, and that in
'aame, e.g. man, oltactian played a relatively 1nszgn1ricant |
part €0 that they eould bs 6cacrxbed as ”uicroumatic"

: However the term rhinancephalon haa been retained for a acnplax
of atructnrua xncluaing net only thoae 1n the bazal part of
‘the hauiaphera, such a8 tha pirirbrm cortex and olfactory
tubercle, which have direct connexions_with'the olraetory-bulb,k
but alsoc the anygdala. the hippocampus and fornix together with
certain related parts of the telencephalon end diencephalon,
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Racently the a’osenca of vol!. establiehed direct ol.factory _
connexions with nany'parta of the rhinencephalun has been e
emphasised (see Goldby, 1961) an& ror examﬁle, the lanmalian -
.vhlppoeampus and its reclated struetures are no- ‘longer nccepled
as mainly olractory in funetion (Bred&l, 19&7)- “There 13"

. also doubt whether the graater part of the amygdaloiﬁ eomplex |
can be ooncemea directly !uth smoll (Breathnach & Goldby, 1951;).
In view of these uncertaintiaa, 1t was decided to 1nrestigate
the oltactory eonnexiona 1n a nacrosmatie nammnlian brain
"uning a ailver ataining lethoa (the xauta technique) which ahows
*tmth axonal and prutarminal degeneration as uell as the
| claaazcal warchi wethod, The need for eareful study of such  '
ntructuraa as the amxgdula han becoae nore apparent awin& to o
the uiﬁesproad and growing 1nteront in the "limbzc ayntea“
.an 111-defined term often used es synomymous with the
, '"rh1neacupha1on“, of whieh the amygdels is a part. ?h&s |
limbic cyntem appears to be uoncarnad with vlaceral and 5
L behavtonrial neohanismn, particular&y those acsociated with [ ,
Vtho axpraaslon of onottonal etates, and poasibly with aematy '
and naxual functions (aee Papoz, 19373 anaauqre rgcently
“ﬁacbean, 195&). | | ""‘ R o
' ¥or our research we chosa the caspu rat (ﬁxgggg_gz,ggznng)
va nel1~aqnat1c rodent (aome dataila of the natursl history of
the caypu are contained 1n a thests roeently publzahed from
this Sch001 - Eacker, 1964}, Until recently it has not been
used inbfhé 1&boratory for animal axperimentqtion although, due
to its avallsdility and reasonable size, interest has been
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' iqréubeﬁ m}’i;s‘ ;u"ne a§ an oxpérimé;ntgl_ animal (Butterworth,
sh:nit'd. Spencer & stevart, 1962)s The olraeztéry bulds end
- ‘the rhin.acaphauc ntructnms generﬁny are wan ﬁeveloped
(Piz., 2) so that the aninnl ean he elassed a8 “nacrosmatic"

‘The present work is 1imited howmr to the baeal -
3 rhinencephane structures of the telenuaphnlon (ths oltncmry
'bulb, peaunelc, pirirom covum araa und olractory tuhercle,q
amygdals, septum end mtorhlnal am) and ite sonaral purpoaa
can be smariaad 8 roums | BN

(1) To atudy f.he basal rhimncophane structures 1!1 an animal‘
not pmzoualy inustigatea from this point of ﬂew by
the clessical: nanrohietolosica}. sethada. '

'(u) 'ro raport mm prenunary observauona on the
dlstribntlnn ot’ acetylchuumctorase mme in thsaa

struc tnrn » |

(w.) To utud;r the aecondnry oltnctury connexions of the olractory
- 'ml'b and thoae nf the anterior alfactory nuclcua, unmg
the method of pxperimmta}. degcmration.' o



*fs.n. nutuzzu of rontinn procoduraa. 0perativu or histological
are in appendicen I and 1I. ‘ ‘
: ‘ﬁﬂ&&ﬁlﬁv , T LTS R
31 dﬁﬁlt eoypuéﬂﬁare uged 1hjih1ﬁ'iﬁ7eatigatiﬁn; 5 for
the study of thc rormal hrain. 2 as controls ror certaxn |

atainlng techniguea, and 2l tar naking axperimental lesiane 1u
‘the oltactory bulb ana other parts of the rhinaneenhalon.

h l@he weights of the aniaals ransed from 1.60 kg. tn 6,75 kg.,

a0 that 311 vere ybnng. prdbahly between 3 and 9 nontha pt

 age. Rath ﬁﬁlﬁﬁ anﬁ remales were uaed without distinction,

% ‘iwney had<a11 been caught in the wild and appeared healthy and
‘>vno cign of ill-health develqyeé in the animal house or ﬁuring
o thn paricd of the experiments. ‘;.' '

.‘ o "»‘ |

B | aeveral whclc hwains were: availabla and were used for |
~the ancroseanic dbaervat:ons. The fallawing serics of secti»na

';were alao proparad ror nicroacopie stuﬁy. in all cages

'-'fixatinn tan by perfnsion through the aorta with 10» rormalin.

ifti) A trnnsverse neries of 30 W cellaidin cactiﬂna thraugh
the’ whole foradbrain. . R very 1oth aection was stoined
wzth toluiﬂine blua ror ealln anﬂ the aection 1mmediately |
rollawing it with Loyes. haeuatnxylﬁn for myelinated fihrea.‘
J(ii) A sagittal series of the who&e hemisphere stained

ainilarly to the abave aerias.
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(112) A horizontal seriadataiﬁad in & similar menncr to the
above mamimed series, | e _

(iv) A number of sections. were aleo out fram amall blueks
(Pig. 19, De 57), usually in peraffin, for the otudy of
apecicl features, e.g. the hisjtblogical ‘features of parts
of the eox*texg.m.ﬁ:h mz*a cut 4n an unsatisfnctory piene
‘4n the main series, - o |

| (v) ‘Two oomplete 10 ;1 serics (vt#ane#erae and sagittel) of the

~ whole olfsctory buld snd peduncle were cut in paraffin ond
" etained mainly by ‘bamidme dlue, & rew.a‘ectianal‘weré
stained by Holmes silver method. R

(v1) From one normal brain Nauts sections were p:-epamﬂ from
all the: re:imm mlevant te this thesis to serve aq.
controls _i’or the experimentsl specimens, |

'(¥i1) A serics of transverse sections of the whole brain,
60=80 p thxeit and 1. mm spart, weres stained by Koelle's |
histochenical technique on frosen sectione using ?;.ew:lé
(1961) modifioation, One albino Pat brain wes also
stained by thie ﬂethaél for comparison with the coypu,

ALl operations were perf&me& under ’ethez’r anaeﬁfhmia
ahd with full aseptic ﬁreéautiona (fer "detanu see Appendix 1)s
Fo sepaies nm' unplanned deaths occurred ﬁuring the paat- I
operative per!.oﬂ m any aniaal. Gomplete or incomplete
destruction of the olfactory ‘bulb was effected with an
iridectomy knife, nai“bonian cyet acoop, therrao—cautéi'y. or bi |
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lueti.on'; in gencral t!w leniona fal.l into three groupm
1) complste or 1neoup1eta lesions of the olfactory
buld and aceeuaory olfactory buld .ee 8 specimens
3.1) lesions uvolving mterzor olfeetory | |
- nucleus T ees  wwe wes wer 11 specimens

$1112) 1leeions lmoiﬂng mt#rlér comiséwé . s‘aypee:lména

Detana of the charactar of the leeion un be given vhen‘
ducvibing the actunl apeciums.

begenevatiun rcuu}.ung from the lesione was studied by the
ﬁmm and ﬂauta»ﬁysax (19.%) methods, A oritical diacueamnj
of tlw crttarta used .u: aausnmﬁ degezzeratmn wul be found
‘m pp. 128—139- Hem i1t can ba said that the ffarchi
-tectm&gue was found. tn ‘be rar lesn mt:laractory than the ligut=
‘and was ’und only for two npe«:imna with survival periods of
‘thpee snd four meku msméﬂvaly. 7‘1# £ll 27 epecimens wére '
| “ atuﬁiad by the Naute methea far which amival pﬁrioda mryinb, _
' --batmen 7 mﬁ 56 amm were used.



The term "rhinencephalon® has been uadd"w:h‘ in the title
"and introduction to this thmii. 1t means of cuurse "me:u o
- brein” but to arrive at a more precise &afinitmn in
'uorpmxogzuz torms is aifficult although the importance of
‘aoina co has been emphaaiaed in a recent putvucauon (Brodel,
1963), ‘When one ‘reads in a recent texz-boon (B11iot, 1963)
that the rhtnmayiwxm is a 'tanctzonal rabﬂ.o. niffum, ana
| "v‘intmmen with other stmctmn into which its o:temzena |
finelly nme' it seess doubtful 1f a preciee morphological
_ ‘definition is even possible, Nevertheless the tern 19 used
f in nmly au neurcenstomionl texts ma mmauy as aynam
Loy m'ma'a 1imbic lobe (aee ﬂmbr. ﬁmphmy & Laucr. 1962).
The unutlst‘actory nature of both terss is perhsps indicated
by the tact that neither appears 1!: ﬁm im«: of the clmw:&c&l"‘
- "Comparative Anatomy of the Nervous s;mtcn" pu’buaheé in
1335 (tnppuu. Huber & Grouby). | _
. matarxcauy Owan (1663) Besms to ha'u ‘been the rm'r. to
‘use the tern in a mromtuual sms ‘and he uueae it to
~ the olteutary m&: and its peduncle, e coneidered the

| olfactory buldb as a 'pﬁmry Vesicle‘ of the bmin ‘beaamse in

R noat ucmnﬁo mommals the lateral ventric!.e 1s eontznued |
| into u; ‘and 8o together wnh the. oltactcry cmn it has all . -

~ the eauential featuna of & prtnary encephalic aivtaxon. -
 Turner (1890) extended its use to include s "lodus hippocampl®,
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~ the whole basal lode of the hemisphere medial to the rhmal
tissura._ Thae eﬁrauspondu to the plrifﬁ&” labe of meny »
',,aatnom (euge mum Smith, 1895) but it le not olear how much
of the h&npocampal formation proper (auntate gyrus, Ammon's hom
and fimbria) Turner 1nc1uaaa in his "hinpoeampal lobe", o
Farlzer, Broca (3873) had desorided a “great 11abzc lobe”
‘preaent in all mammala. to whiuh he anaribad a aenaral alractoryv
 function. ?his surrounds the hilum of the hemiaphere end
ecnuista of the aupracnlloaul g:run ¢on$inuoua behind the _
splaniua with the hippocanpal gyrus and unous (Broca’s 1obe of
the hippoeampus}. The upﬁua receives the external 01fae§ory‘
tract of aado@n;teratnalagy.faha‘thefczruuit round the hilum
‘48 completed by & medial olfactory féot‘tc the parolféetbrv N
aroa (tuptul) and anterior uxtremtty of the supra-sallosal gyrus,
© Elliot Smith (1895) in defining what he called the "true 1inble
“ldbe" oxcluaea tha aupra~aalloaa1 gyrua whieh ha ‘sosigned to
~ the naopallinn. " He ratainud however the hippocanpsl veatigea"‘
in thie altnatiun. ° Aa e rcuult the hixum 15 now eqmpletely
| ‘aurrauuﬂad by o ﬁzetinct and w311~def1n@a ring of gray matter, '
'phwluganattcally the more ancient part of the aorta; cerebri,
eanp&etad ‘anteriorly by the pracbmmisaurai and aeptal arens
that‘annnaat the_antarior,qxtremityrnf th@_hippccampus.ana ,
the pirifors 1oba; Flliot Smith ‘considered that the true
limhic 1ﬁb¢ 1u ‘the only part of the heaiaphura which 1s |

intinately associnted with olractton rnd that it ie nynonaloun
with Turner's "rhinenccphalan". ‘¥odern authors on the other
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khand have tendea to return ta‘Brcﬁa' cuneeptian and to
| include the einsu.ats (supraweallueal} gyrne.
' The fbrnix a8 a cantinnatian at the flmhriw. is the moat
 dbv1ona aacrnsaoglc fibre traat er the'rhinvncvphalan._ .
sznce it can easily ba traced ta thauaaa&llary body, whlch 1a
in turn connected by & lerge *cazann af”Vioq D’Anyr“ to the
. anterior thalemic nualei, tiwue parﬁu of the th&lamua and
_hypothalamus ceme to be includea in the rh;nanauphalun by many
| authors, Vhen, 1&@0», aiorancnﬁicax dbaorvaticna indzcated |
',-that the atria medullaris haa aany aonnaxiann with the ao~¢a11e&
k,“nmﬂial olraatary area” (aee ﬁrudby, Eunphray & Louer, 1962,
Pe271, for rafarenccu) the apithalaﬁna (habenular gan&lzm)
was also includeds The maximum extent of this complex of
rhinﬁncaphalie ntruaturoa won illuatrated by Allen (19h0; mnﬁ
was adqytaﬁ by Fulton in his well tncrn “fhwniazagy ar the

‘ ‘.nnrvoua Systen” (19&3) ('ea Fig. 1) In more recant

publluatiﬂns, descripciona of the anterier thalam&c nuclai an&
*f,tha namn&ilary bodies are unuaxxy onitted rrom accounza of the

o ;rhinaneuphalan althuugh their connexionsg with the hippaeampna |

‘ “and eingulatﬁ cortex are of couraa manzzanea‘_ The enithalamuai ,
VVJ(h&banula) is uaually'ratainea (see Gray's %nﬂtemy, 1962, e
.f'33Rd aaltinn}. ) o PR y

| aieronuapic obnarvutzons have naturally nddea nuoh

~ @etail to our knowledge of the rhinencephalic structures,

The differentistion for exampie. of an anterior olfactory :
nucleus in the peduncle by Herrick (1924)3 the divicion of the
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316 PHYSIOLOGY OF THE NERVOUS SYSTEM

| OLFACTORY ENDINGS

QLFACTORY SWYSTEM
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: Fic. 77. A diagram of the principal connections of the olfactory system and rhinen- -
cephalon(W. F. Allen, Amer. ]. Physiol., 1940, 128, 767).

Fig. 1. A dlagram of the extensive olfactory system as
111uetratéd by Allen (1940) and adopted by Fulton and many
others. - (Reproduced froﬁ Fulton's jphysiology of the Nervous
System, 2nd ed., 1943,)
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xﬁrirm cortieai’ am’a into anfaric’é m rosterior parts -thc'-
 latter bexng the entorhinal cortex or area 28 of Brodmann;

the magnium of n larmz nuﬁber of mml.ei. 1n the ps:mlraetory

| md amygﬁalem regiana; aml many Aamxxs; ai‘ fihre mnmxiana. -
This aemlaﬁm of ﬂowriptim detail has not made the |
' m’blm of a mmral aefmu.:.cm any eaawr, aapwmny as tha i
7’namn ayspliaa have varied rm author to suthor, muwt'a B
| aom'hat Vagne definition as a dirﬁma rm-ac mtemmn snd
‘-ergina with other stmctunea, qaote& at the baglmmg of thla
| section, scems sbout tlm mt.thmt can be gimx_x. It has alsn
been euggested that tbfa: tern ”mMéa@&@” hae outlived any .
usefulness 1t my once hmra hed and should e a'bmﬂom& | ‘ ‘
(Gold‘ny, 1961; Bmﬂah 19’63; lm'l'- see a.'mu Gaataut & I.amcra. ) o
, 1961). This uugaesum w.lll tm referred to again m the
\aimmsion. SR ' |
| It mat 'bc ntated hm ttmt the pmmut e tudy deam only

uth eertain parts of th.tn extensive rhlmeuphaim. These

N are the alraeterx mw and structures on the basal aurfaca of |
" the hm:;»hem to rhtch connexinna rm:a tiw alfcwtary bul‘b ean
- be tmced éimtly, mﬁ smm etheara. 80 clmsely relatea to

o than, that xmntaipatzan irz nxfmtmrw functim ie amaat eex*tam.
The 1at.tm~ amist of ﬂm azptal rag;ifm am th«» entormnal amm
“The hippoeampal formation and some other parts of Troca's 1xub:c
lobe will not be cmmm. | Thm is not bwmm tlw o

| 'hippocanpuu. ma Mzoﬁ many other parts of the brain nay not
“have gome relation to olfactory ﬁmctim. ~ After at:nnlatmg

the olractory mcepton or the bul‘b. aetxon pntentiala have been
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'plckod up trom many mgmna (aea I‘or axample, E%erry, Waganan &
* Binsey, 1952) but to include them all would have involved a
atudy. of almost the whole farﬂmbvnm. end would thy any . |
precise meaning thot the tern "rhinenaapha:!.m“ ‘eould have aithe:-'
in & !’unetiaml or uomhclogiml. cente. =
It amn mmains to define ‘britzm the parta to be atn&ied.

snd to etate the tminclogy whzch win be usad for them in thie
thmua. . This 1s veceazary because or the variety of tet-ma wmch
: have 'bmn appued ta auuh atmctms by aifferent mtham but

no attempt hes Dbeen made to gzw 811 pammaia smon;mn. fm:i.e’ﬂ..
jdaing this the mmmuopw fe&tms of thwe pm-ta m the coypu -
" brain will alm be duerim mortly. The;r are uluatrat.e& m
,:F"B" 2 and 3. Rxcapt in uza they do not aiffer S
aignmnantly ﬁm the suumv faatumn oi‘ the mt's 'bram 80

- that a aataneﬁ doaeriptzan 1a not uecesmry. |

 The defining character:.uuc 13 the aamo.t mceptwn of the -
centml processea of the receptor oalls m the ou'mtary aucosa " |
or m the wmu-nwul orgen, - - |
 In the coypu the olfactory bulb is plrircm m shape (see
- Pig. l&) and meaauran about 9 nl umnimandauy. Aa the Iength
| of the cere’bral hea!.aphera is 35 u. the ratia o:" the length or

"~ _the elfactm-y buld to the henimhem za &’heut 1 to h. thus

1ndieating the naeroamatie natm of thin brain, The bulh
could be seen from the dorssl aspect of the brein prcaecting
for shout 6 £y 1:: front of the frontal pole. Its doreal
mrface_is fairly smooth, particulazfu :han comparcd with
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~the nhaggy rmzml ma vantral. aurracea whcre most of the e
| olractory nervm enter the hnlb... 'i‘he eccessory ‘buna maginatea
the poatero—aomal aspact of the main ‘buldb and 1: scen quf.te
clearly 88 an Mentation whan tha frontal pule. wmch cavers 1t,
is raiaed slzahtlr. .

‘This as the part of tha 'brain by thich the ou‘actory 'bulb :
e attache& to the !rmtal 10’0& of the hemisphere, m tne :
eoypu. the olfactory pedmcle is nhort and stout » ami is -
ﬁ lepamted m:n the ‘bal‘b by an obliquely ru!m:lng *atrcnl&r' ; )
| sulcus lying mors roatrally in the mteml side (Fig. 3)a ‘Tha“
nltaatury mdtmcm extends rmm the c:imnlar sulmm to the |
cramal '!mmer of the oltactm'y tnbarele where 1t Jnina the
heaiaphem. N Petwecn thm joim and t!w bnlb it lies in a
. mp vemm-mdlal aeprossim in the frmtal la'be-

_ This s the gray matter of the peduncle which may extend
for a ahm dntme into the ‘hulb rostrolly and the frontal
lobe. caudany (amu mrmek. 192&). In the wypn it is well o
_aavelma end will be descrided in detail nnﬂew the aeatim v
7‘;«dea11ng with uimscopic taatms. | |

S m ‘g;m' : m ot ,f '

' These are neeondm olraetory ﬁbm arxning mg nm:ronaa
in the buld or accessory buld snd- runnxng superficzauy in the
peduncle to other parte, ot‘vthe,brain.} “here the pedunele Joine
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Pige. 3« A drowing of the ventral surface of the brain to show
the different ports of the basal rhinencephslon. The groove
betreen the frontel and temporal perts of the piriform cortex
is ceccurded by the middle cerebral artery.

(For avbrevistione in this ond other fipgures sec p./7#)
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'the tromtal ldba they a; Verge to rarn tracts or striae to whieh
the terns meﬂial. 1n$ermadiata and lateral are usually applicﬁ.
For a descriptzon of the eituatian in the human,brain see
Flass (1928) who slso describes medirl and latersl mccessory
strime, and Erhart (1950).  There 1o somc m of uniformity
-,an the way thesu tracta or strise hsVe becn naneu, but only |
| one of the varzations n&eds to be nentianeﬁ here., Come authors

(e.g. L@uar. 19&5: rohnson, 1959) huve uged the tera
lnternadiate alfaetamy trﬁct fur fidres situated deeply in the
peﬁunela benenth the gray natter af the anterior clractory |
nueleuc. : mhena fibres run into the anterior 1imb of the
snterior eamnisaure, and, aa will he ‘aeen, there ia dodbt ir
they arise from cells within the olfactory’bulb. ~ In thie :
_thesis such fibren will be rererred to as an "olfretony
cormissural component® an& the tpru ”traet“ ltmite& to the
cuperfteial fibras, which ean be alanairied as follawa-

\(a} Latural olragtorr traet. Fihras which diverge lateral to
»'the olfactory tubercle oy antar&or perforated space to svread i
out’aver the anrtacg of the pz;dfprmVeortex and ampygdala, "he&
rfullow'anproxiéatelyfthé eoursé'éf"a éﬁmiibw'groove which ean |
usuelly be 1dnnt1f1eﬁ at the maﬁial bnnnanrv of the piriform |
cortez, thﬁ enéorhlnal fiaaur&. In the. hnmmn br 1n th@y hﬂve |

"  been 1&entified as farmzng a lateral alfaetony stris or gyrus. |

In the ecypu brain, the lateral oifaetory tract stands out
as a distinct ahinlng white band which appears 1nnediately

caudal to the. circular anlcus. it is broader cranially anﬂ
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 graduslly tepers ceudally towsrds the arygdel bohind which 1t
ean no longer be ,ﬁanunea. - | |

k(h) Intarue&iata or accesnory nlraqtory tracts. .,seeanaany
olfactory ribren which apreud auperfieially on the 0lractnry
tubercle or anterior perroratea substance. = These do not form a
very definite tract and can rarely be 1dentified macroscopically.
They are represented by the varisble medial snd lateral

- aceessory striaa deaeribed by Elnas {1928) 1n the hunan brain.-

. Erhart {1950) atﬂtec that they are preaent 1n only 1 to 5 nt
hugen apucinenu. Buch a traet ¢nnnot Ye 1ﬂentifie& -
’macroucoyieallr in the ¢oypu uaterial.

*~(c) Hed&al olfactany tract¢ aeecnﬁary ﬁlfaéﬁoryﬁfibreslwhicﬁ £
appenr to ﬁivevue rrnn th@ paduncla ucdial to the oltnctory
‘tubercle anﬁ pmaa towarda the aaptul or yarolractary regian.

A 8 naaroacopic raature the medial oxfﬂctovy tract is
'.variable unﬁ 1t could not‘be 1ﬁentifipd clearly in the coypm,
 Erhart (1950) states that 1 ns:mot be scer in 207 of humen

| brainn. | R o | "

A well Qerined bundle of fibres deeply situnted in the =

| peduncle which ean ba traced rram the hnrb to cross’ 1n the
a’ntermr em:amm. Thma fidres are smeunea referred to aa
"rthe 1nternediate olfactory tract (aae dbave) or ae coming from
the medial or intermediste olfactory tracts (Croeby, Humphrey

& Lauer, 1962) or from the nedial,oiracioryAtract-alone |
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(Kappern. Huber & Croshy, 1936)‘ It 1e ® ﬁetiaes eaned the
antermr 1imd or mter'bnlbar mponent of tlm nnter:lor
cmiasure (e.g. vy Gum!jhn, 1925).
| in the coypu this corponent of the anterior comnissure 18
well developed. deerly sitnated in the alfaatory peduncle and
‘ lxing.qntiralx wzthin ite gray natter.(anturior olfactory
| nucléua).‘ thraﬁéhwnt its eitent. | Posteriorly it is joined by
a few raaaxclet coning rrom or gcm ta the bause of the dbrain
~ snd becomes embedded in the nucleua accun‘hem before turning
: wdiany to cmna in the anterior cmissm.

. an e:mauon on the 'bmm af the brain bmmdeﬂ lnterally
by the 1ateral olraetow tmct. eau&ally by the diagonal band,

and extmding to the ventro-mﬂial bm'der of thf, hemia*&zrm

B where it obuts :m the u;tatal mg:lcsn, uhem it nay be bounded

by a medisl olfactory tract or gyrus in some mamla._ It
' paﬁaesuéa a cortex of charmteriauc structure and neaé |
lmadiatel.y ventraz to the head ui‘ the caudate nucleus and

‘ ,_\nueleus acmbana; it 13 ;:erforated by amau basal arteriea.

branehen of the mmﬁu and anwrim' aerabral arteriea. |
. m'minant in uacmatic mammale, it is mpreasntm by part of |
the anteriox- perfovated substmca m- clractory zrlgme in the
| 'Imnan brain, ‘
In the coypu Yrain, the oltactory tu‘bercle is qﬂita large '
'and forms a prominent feature of the ventral surface of the
' bnin'; . Ite large sige, as well as that of the buld and plrii‘bv_rm
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_1dbe domanatratea clearly the macrompetic nature of thia brain.
The arcuate auleua torma thﬂ baunaarx h@trewn the alfactgry
‘ tubercle and the. 1atera1 olractory traet,

Septus | )

A anég of aérvéua'tiosée on the’mediallaspaet of the frontal
ldboiﬂnediﬁtgly antertor to the lemins terninalis and the
anterior commissure, Above it is overhung by the gemu of
the qcrpﬁa callosum and cranialito this is %oﬁhded"hy the
‘snterior hippocnﬂpal rudiment, Ventrally the se@tum abuts on
the oltactorw’tubarele anterioriy and the dlagcnal bana\
posteriorly, Above it ie eontinuous tith.the septus pelldcidun,
:‘when this 1s pr&asnt. betteen the corpus eallotuu and.tha rarnix;'
- the septum pellﬂcldnn may‘bu regarded an rbrnad by P atratching
of the upper part of the septum btheenythesa two stguctnraa. “

The septum has aleo been ealled the psrolfactory region
‘V(Broca)'éﬁa the'preeoumisaural or paratarainallbaﬁy'(Elliot
. &mith), and superfiaiel reatarea have received nanes sueh as
 the aﬁb-enlloaul gyrus snd anterior end posterior parozfactory
‘ gyrs in the humen brain, Although unnatiatﬁct¢ry 1n some
. respects the tera septum has reaaived ganeral recognition anﬂ
hae been adnpted here, In the coypu it is well doveloped. |
(rtg. ) and preaentn no unnsual nucroaeapic teatutea.

gxxggﬁgggggngigg (aiagonal band of nraca}

A slightly elevated ridge on the baaal surface of the
hemisphers, caudal to the olfactory tubercle and passing from
the anygdala forwards and medially to the caudoeventral part of
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the septunm, It cantéine 8 traetkorjtihrha_as well ns nerve
cells, - o | | |
| In the coypn 1t fbnmn a diatinct and slightly elevated
‘band at the caudo-uedial boundary of thn ﬁltactory tub@rcla, anﬂ |
1ies betwoen 1t and the optie tract end chissmas o

Thie tern, taken from human anatony, appliea to the grouy
of nueclel on.the :eﬁial nide of the tenporal lcde st the caunal
_end of the lateral olfsctory tract and ventrel to the main sass
of tho corpna,atrautua‘ It 1s bounded nedially'by tha naudal
'terminatian of the hippocampal rermatzan. It 1e mora or less
~ clearly outlined lsterally by the amygdeloid fiseure in most
| uammals, which is sonetines aantinunan ttth the enﬁorhinal __f~
fissure rostrslly, se in the 0poasun (zoo, 1930); It le ”
covered hy 8 cortical 1ayer wh&eh aay be cnlleﬂ tha eortienl ;
amrmlom nucleus (or the pevinmdalom eortu of Rose, 1926
‘ anﬁ 1927) which is nontiuuoxa thrauzh u tranattiﬂnal area with
 the yirttorm cortex 1aterally. It ie rs@raaented by the uneus

in men, but 1t 48 doubtful if the sulei related to the uncus

;- ’can be compared ﬁireetly with the amygdalaid su 1cgaxof»more "”'
| primitlve mammals. | | S
“ - In tha eoyyu,’thn amygdsla tbrms a praninent anrraca bulgc,
end the superfieisl bmndary of the cortical nucleus ie clearly
' outlined by a U-ahaped ‘anygdalold ﬂasm (Figs.. 2 and 3) which
ie 2 conatan& feature of this drein, Its lateral 1imb is not

continuous with the endorhinal sulcus es in the opossum. The



‘nucleus of the lateral olfaetory traet. usuany clas eified in
the mgdalom gmup. 15 also & naemeupw feature jmmediately
roetral to the cortical nucleus, . o '

The eoz-t:ieal area on the bane of the 'brain uucn is bmmaea

latemu by the rhinsl and mﬁiany by the erdlorhinal fissures,
It extends frcm tha olfactory peéumsle, where it zs anntimm

~ with the lateral part of the mterior olfsctory nucleus

|  posteriorly to ‘the amrgaal.oiﬂ reglon. ~ There are no anterior or
| posterior boundar&u thich can ‘be sem nmrowopteauy. | It 18
,'ottan referred to u tm pmlritom or anterior pirifora cortex
‘but these tem will not be used in thie thenic. In the coypu ,
the middle ae’x?e’bml nrtarx runs ’ttmvenel& 'acrt}sa the midcle
‘ot' the pirifm labe an& fom a aamanimt diﬂ.szon ‘betmen
“'-'.rrontal and tenporal parta of 'the mrifam cortex, SRS

'rha mrtex of the temporal lobe which axtenﬂs noaterior to :
the mygdala, bmmdea lat.euny by tha pmterior end of tne
| rhinal riwure am‘n mediany by the au’bicuzar curtez whiﬁh
seporates it from the hippocsmpal formation. This is the
ponteriar pir.trom Wrtex of some au’thorn (e.g. Gmy. 192&) ‘!mt |

u azrrem mrkedly in ctmctuu rrrm the mst pr the p:rxrcm

" "mrtex and rec,eivea no aeconﬁary olfactarx _eonnexiane from the

" buld, It seems best therefore, to emphasise the difference by |
a separate name although there is no sulcus separating it from
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the piritom carf.ex arteriaﬂy or rmm tlw retmplenial region
of tho neocortex cauaany. o |

. In the ooypu. a8 in noat other mam'mmtic mmala, the |
entorh.tnal cortex is less extemaive than the pirifom cortex,
partxeniarly when compared with the higher pr.tmates whcm the
promrtlona are rcvened.f Its rosiral and aaudal boundariea
are not marked ‘by any nam-omopzc featm. , |



In this section the parts of the rhinuncephalun to de
studied sre cansiaeraa in turn. A drief sunmmary of the
eondition in mammale ganernlly. taken rram the literatnre, 1u ,'
given for each part ‘before the condition in the coypu is .
dnscrihed. ~ The microsconic features of the rh&naneewhalsn 1n
the coypu are 8o similar to thezu of conyaréble naarnsmatic

manmals (e.g. the rat) that separate_trcatmunt seemed unnecesssry,

. The olmezory bulb is typicauy laminated smd the

"laminatimn is very uniforn in all aammala.'_ seven 1ayers are

‘V‘hoémally rccozhiaed:i 1. layer of olfﬂctary nervasg

2 glonerhlar layera e exterral plexiform lmyer; u. ﬂltral

‘eell 1ayer; Se intemal p&zxitorm iayerg 6. internal rranular B
layer; -ané 7, upenﬂrnnl ur<pur1vantricular layer. ‘The |

o obliteratea alfnctary'ventricle 1o unnally representaa by a

nnaa of epenﬁyual eella. '

. oup knawledga of the nigniricanoe ot theae lamtnae ﬁatau

E fr&rz the work of Golgl (1875). who, wmz the aid of his new

  ,nethod af‘bichrunatc-ailver 1npregnatlon demonatratad for the ,

 firet time the finer atruetume of the glanerulua and some otheri°
"parta of the bulb, Hawevar, his niointerprutation of some
 features of the connexions were due to his belief in thc

reticularist hypotheaie (Gerlach) then current, Later Csjlsl

(1890), van Gehuchten & Hartin (1891), Callejs (1893) and dth¢rs,
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511 using the chm:e aﬂ.var nethod of *&zalgi, sade furthar
contridbutions, ﬁauver, u-. ms c:a 1al (1890, 1901»2 s tranelated
1911 and 1955) who provmeﬂ tha oormet Mterpmtauun of the o
uynaptie relatianahtpo within tha glaum'un betwaen the
pex'ipharal oltactary ﬂbﬂm snc tha denﬁritea of the mitral eells.
fiis clessical work f‘oru the vasis or our preuent idea of the
mode of cmt‘mcum through the mm:. It appears that the mitral
acna are stmctm*an: am! :‘umuonany polariaad in the sensa :

. that the turted ondinsa of the ﬁandrnea m the glommn are

recepum and their axm muaive. They the:'emm tmnmnu

- i:pulus or ol:mtary erxg:la to the elmet.nry tracts. *m_:e

fnneuan served by the cunateral branches of the axons of the

~ mitral eeua, ‘by ;mri.g).omemlar cena » 8N& the gmrml.a cells are
‘not so clear dut they are probsdly parts of an ela’borate
apparatus for npreading and stepping up the energy of trammw: "
(ualmche conduction of caaal). mny granule cells could be
atlmlatea by the nollaterals am! the axons of the granule celle
eould then ds.aeharge to the wtar plax:tom layer or poseibly
 the pauglmerular cells or the glomeruld, leading eventuany to
the acuvatmn of a aneh largox' mber of mural cells,

T shupham (1963) in alectrophniowmal merimma wan ana le ’

 to a'btaln evidence for the avalanche conduction of Cajale

o » alnqe,.the obsermtinns» of the above mentioned authon, .
 the. alfacfory Buld of mavmals has been described m detaii: o
by many obgervers. Among these are iiinkler & rotter (1911 and
19111»)3 Gardjian (1925)o Young (1935). Humphrey (1936),
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crosby & Fumphrey (1939). and more recmtly muaon (19532), |
Johnson (1957), Pillert (1961) and Lohmen (1963). 4llieon
(1953b) reviewed the previcus work an_d drew particulsr attentiomn
to the presence in the externsl pleiifofm layer of many
Ydisplaced nitiagi cells' or Cejal's 'tnt’teﬂ cells’ (cenuleg
. & houppette)., These are nemmi"qu_é‘d. ovold or trisnguler
cells poripherél»» to the aitral ceiil sone wiich stain less deeply
than the nitral célls; They z-re most numemus 1n mannals, in
which t!wy are found ezthar aa supplementary %o = highly
' aevalopeﬂ mitral cell layer (aa in the ahm), or ss eonpenuntnry
in roran auch 1] t!m prluten vhieh thot f mrkod Gininutium of
the nitral ecell lmr itselt (cm‘by & Humphrey, 1939)-. '
| Cajal (1911). Yonng (1936). mmphmy {1936) » Alluan (1953 'y
'vmﬁ‘b), end eome other authors were of the opinion that the
tufted }#ena give rige to ﬁmc that mtercohnact with the

o oﬁmitc alractbry bulb, There haa ’bm, hanevar, much

controversy over tbe or.lgin and terninatlm or theae conmmeural

B fidres ‘and this queation will be ducassed later 1n the light |
of the mermmal evidenco. '

. sodern work on the oltactory Yulb haa been larsely

L fconcmm ®ith the relationehip batwm the buld end the

= olfactory aucosa and the problenm oi' alfactory diam'iunation. L

. 'I‘he nun‘ber of rcceptor cells 18 very ‘lerge, 50,000,000 on.
© enoh side in the rabbit (Clark, 1957) and Gasscr (1956) shoved

 that the fibres to which they givo rise are very fine "
(0.1 ;: or less in diameter), He made sone.conputauma of an
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’ 'mdiroct nattms rran hie eltetron MC?G&,MI}I& preparations of

. the olractory meocn 1n the pig ‘and arrived ot the conclusion
that them was a nasunably clon corr: wandenee between the

~ numbder of nem r!,bm and - the nun'ber of receptor zwna.

" De Lorenso (1957; 1960) eonfirmed Gasser's observation of the

very fine dali‘bre of the alfactory nerve fivres and delc'ribeﬁ_
their terminations where they pushed into the mitral cell
: dendritoa zn 8 glmmluu. j ‘rhe pmsmaptlc tmlnau contain
yutochondrze and aynaptic walﬁm. P '_ . o
. on the asamptian ar a one ta m mlatimahip bewaen

~ receptor cells and olfactory nerve fibres Allison & warwick
- (1949) eatmtea that about 26.009 ﬁbrea must enter cach oy
) glonamlnn.v A nztral cell has cma m&n dendrite whzeh | -

 aigtridutes to one glmaraluu ealy. aaah 31«em1u¢ being
| Peached by the dendrites of about 24 mitral and 68 turtea eanm

,Alnam nnd Varwick concludad that th& g!marulua is an
! omallont mechanisn for npaual umatim. A ”
~ As wncerning the puaime neuml :amhﬁniw ror olmctory
dilmunatim, the natter 1s 'br no. near:s sattlad. ﬁdrian |
{1950) by stimuleting small amaa ‘of the. olfaetary mucosa in the
/ mb‘bit and rmurding the mpmes 1n tha 'bnlh w8B. able to -
’ aamatrate Bsome degma of tummphiml lecaliaatim ror the
Projection of the olfsctory mucoss on the buld,  The oral |
| ntruitr of the mucosa pro:eata na:lnly to the mteﬂor and the =
_ aborel to the posterior part of the bulb. In 1955b he also |
-showed, by i-ecordlng’v poténn#ls fron intrabulbdar ‘alegtroden‘. :
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~ that the senuitiﬂty cf the mitral cells to dii‘ferent enclle 1s
by no mesns nnifam. o far, he has found it passible to
divide the cells into at lesst 4 or 5 types, each perticularly
sensitive to one group of smells, This specificity of mitrel
cells may apply sleo to the glouemu rrom which they rceeive
their 1npn1aea. and 1t may be that the. parucular xlomruu
eoneemed recelve their fibres preduninsntly from grcmpa of
- receptors which are themselvea aelectzwly sensitive to one or
" other ehelical aubntanee. _ However, Le Gros clark (1957) gives
& aifferent explanatmn stating thet the olfactory nerve plexus
~ on the nur;‘ace of the bulb: “serves pmgiaely the opposite
purpose of anéarmg a complete randomization of mmg go that
aach glmmiaa | re‘oest impulses vrrca Ieiery ‘type of receptor;

~ in other wm, that each glomerulus is in itself a functionel

‘unit concerned with the total renge of olfactory diecrimination”,
_ The mintame or a centru‘uznl ri'bre ayatem entoring the S
olzactory 'bnlb from the bl*ain, through wmch the actiﬂty of the
'bulb aan be mﬂmmeed b;r Mgher centres, wac deseribed ox-igmalh
by c!a:al (1911) axm more recent evidence will be diecusaeﬁ later. )

?rom wuhmt inwerds the layers are: '
ma forma n dense plexus

of umennated ﬁbma over the surface of the greater part of
the buldb, most marked on ‘the ventral, medial and anterior |
surfaces (Pig. 5); ctmdauy. it dlsappesrs first from the
'dornl, then the lateral and Iaatly the medial aurface. In
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Pige 5. Drawings of transverse sections ol the olfactory

Puldb to show gencral features. Toluldine blue stain, X 7o
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'n‘onaa' unvér pwﬁhiatmns tho fibres can bo scen epproaching
“the buld in eonpact bundles which seperate into smaller |
| feseiculi end are intenonn for a ahnrt ﬁistanee 'bet‘ora
' teminating in the olfactox-y gluerun- o A '

| (u) m:_mmm:. . The buld is gurraanaea'on‘ m‘ sides by

~ the glomerular layax' which comtpandn in axtmf. with the zayex-

- of olfactory nme fivres. They rom‘ 8 razrly r‘egx‘zlaxf‘. atmtnm,

* mostly one nlmemlua thick, The gioiemli are eaaily: scen -
 with the .‘lw power as t'airly large roundad atmctma almast L
coapletelr tme of cana and nmmt 125 ¢ in dimter. They are
ai.rmnuubm oy vwlluaeﬁned upanlen uf pariglmrular or . -
| | "mtur granulay eells. most of \rhwh ﬂm rmunde&, amll ’ w.tth
1ittle cytoplaan ‘and very .hilar to the cena of the inner

‘aranular layer. med w:th them are a smau nuaber or larger

- mn- mttom or trimular in ahapa md generally mwmbuna

the maner tnrted eane. Mm Loyes pmparauonn shov a mmm- 2

o or fine mlinate& ﬁbru auong the perigloumlar cells, 'rhue

‘caula be afferent fidres trm nther parts af the mb or

g »:’ vnerabml henlaphen ; they cmnot de olractaw nerve t‘mras

~ which sre unmyelinated, but the poseibility thet they are axons
' of at least the larger periglmmlar calla cannat be ucluﬂea. 3

(ui) 2y . A breaa r:lbre

Imr conpoaed partly nf‘ raaiany Mepoaad rnm-. mst of uhich |

are the dendrites of the mitral cells, There are many finer
- fidbres rumning obliguely or parallel to the surface, some of
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which ircunjalgnatéd.‘ ﬂ'tet ueilg\are eéah agoinst & rﬁthe:
" olear background, These are the displaced mitral or tufted
cells, They ere pyramidqi*ér‘nnitipolér ihkahape,and although
~ smaller than the typical uitial cells, are ainilar‘in appearance
 but slightly elongated. ﬁnar the glonerﬁli!they'are aone'hat
‘smaller than those nearer the nitral eell leyer so thst there
_  nny iall ‘e two types of cell 'disw!ncad aitral’ cella near
‘the mitral cell 1nyer and more rumercus auﬁ amnller 'tufted |
" gella' near the glomeruli. (Fig.. 7) | |

(v) ‘ Layer of mitral t =';;_ ?hia layer is conpaat and clear
_ cut. ann,beaides the typaeal litrax cells cuntaina ‘meny granule
cells. The mitral cells are large and eitusted st the outer
.bprger e: the layer~(rinp e ;uihay_ara the most ehgracteristiq

cells of the olfactory bulb, commonly ovold or triangular in

"\_;ahnpo,iaaﬁywith dﬁuspinunui‘ﬂiaclibudzen (rig. §)» The main

_.dnnﬂritg goes to the glomerulus ss describded sbove, The axons
are fine but se they pass to the intornsl plexifora layer and -
, »tnnn cuudalzy fowards the oltnctory tractg timy becone thlcker
k, and acqutra u;altn sheaths. ' uoat of tham appear to unter the |
  1at¢ru1 olfactory tract.‘_ The haass of th@ mltral cells are

;*'surrounﬁed by dunnely pnaked.grnnule cclls.

Thia ls nnch narrowar than thn

.‘-external plexiform 1ayer and lies Just deep to-thalaitral eolls. :
It contains a few cells of the granule type, The fibres are
probebly mainly the collaterals of axons of tufted and mitral

cells,
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efe This, the main grenulc cell

(v1) In leyer.
layer, conteins small ronnaad eells clogely packed in irreguler
1aninse and clumps. Their nuclei usually contain two nucleoll
and there 19 1ittle ﬂsi‘ble eytnplasm. : Neuragnal elementu '
 are also presert, Myelinsted ribres grouppd mto tundles
(the axone of nitml angd tufted ceun) are found in thia layer
| betveen ana among the clunpa ct‘ graxmle eena. ‘l’he interml
'-granular lsyer has no defm:lte inner nargin but greduslly -
.'givea plmu to a regim contuinins few ueua (perimnm-xcular
B cells), montly gliel ulanentc. end a loose netmox-k o:l‘ fine |
” uyelmated fibres. Theu are pro'hably the bnlbu—petal ﬁbms |
| desoribed 'by cajal and otlwn. cmamy an 111-deﬁma |
‘ cmcmtutim of smaxl deeply ataining mclez m seen among which "
are a few uluupn ot cpitheloid cells, some erranged es enall 1

mts. 'l‘heu are the reununta uf the nlmcwry vent.riclea. '

The ﬁt’irat‘ wautho’x" to Mcribe ‘the #ccegaorytmlh s _,
~ von Gudden (1870) 1n the rabbit. Aleo 1n the rabbit it has
been aescrsnaa'by 0a3a1 (1911), ﬁcCo&ﬁar (1912), thkler &

rotter (1911) and Ymmg (1936), mmotter (1912) fol].owed the

3 vmwo-naul nerve from Jauobaon’ 8 organ to the acceaaory hulb

- anﬂ showed that its uza m dirremt speciaa varlen in dzuct |
proportion to that of the vouero-naual orgcm The aceessory : ‘_
| bnlb has now been deacribea for many mammsls, auch as nmap:lala
(Herrick, 1924), rodents (Gurajian, 1925), carnivores (vinkler &
Potter, 1914), and in the insectivores A(Lo Gros Clark, 1933)e
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 713 ia 1nck1ng 1n thﬂ bat (Kulphrty. 1936) anﬂ 18 either vestigal
| or a‘baent in htgher prinatea 1ncluding man (Kappem, Huber &
,Gmsby. 2956). e ) |
o In general it momm.es the mn bul'a ma mawu the same
type of lamination, - Cajal (1911) potntea out that ‘the most
1-pnrtunt difference 38 in the. ntt.ra}. cell layers Thaaa cena
(Ymms. 1936) nn not uwaeteﬂsticany utral or triana,ular -
- in shape and &e not mm a n:l.ngle ctratm. They am nniform
, vdiatrzbut.’ed thrcmghmt uoat or tha pleufom J.u:rar. ana them ara |
| no tufted cells.  Alliscn (1953a) showed that the glomoruli of
' the aceessory Mb mnrcely morit the nam, bezng much smaller =
: and less daﬁnituly am:.merxm thmz m the mam bulb. ant ,

o \autnau desoribed the ‘position of the amﬁmaary buld as on the

N‘*ﬂwmai uxmt of the mzn Buld and sugnuy to the
'xnedial amc. - : | R : .

'i‘he acgoseory aifmtory'mbﬁor tfxe"‘eom mm in

" inveginate the dorsal aurtnce of the main ’bulb Juet anterior to
' jthe frontal - :pol.e thj.nh orerlnpa the grutar mrt or 1t (ﬁg. 13) '
" and ends a 1ittle wstral to the plane of tha aauaai extrcmity
'ormmmma.. _, | o R

s The outermost 1ayer :la romea by r:naren of‘ the mmero—nasa).
o eru which -pread over it: eurface (ru. 5) and turn :mum to
end in the glonemn. which are smaller then thoae oi‘ the nain ‘
Buld end less uaularly arranged (Pig. 10). - ’I"hau- capsules of
por!.gl_onarnlar_ cells ‘arq,less definite and contain fewer cells.
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The axtemal pluzrorm layer is nuch narmar than :m the main
'bnlb nnd contains fewer aana. probn'b).y none of then tufted cen-.
. In ite deeper part there is s droad, dztmu mtral eeu zone, o
‘much less definite thsn in the main buld and with much less
admixture of grauule cells, m axons of the mitral cellc ere
very r:lne and. 1t is dirticnn to tollot them, They bacama B .
| nednllatad mad join the tmnalen of axom trom ths naln burb
’ 'hieh tuvarn the internal granulur Iayar af the accesaarar ‘bulb
~ to reach the latersl ozraetory tract.  The m;ema:, plexiforn -
layer of the acemery tuld i mlatlmly broad. ' he Anternal
" granulesr ie a8 Yory Rerrow lmr nr the grmule eons aimilar to
thaac of the main m‘b, snd mrticulssrly nauﬁany, 19 broken up
vy the pmenm uf neannated m‘bra bnnﬂas mentinned ahove

- ‘(Mgn m).

- Thie nuelm was fimt deaeri’baa by ﬂewlck (1910 ana 19214)

: in anpn:l.bs.un ma mr:npial hraim. ‘He aeﬂnea u aa
"undiffemntmted oltaet.ory ttm«u of the leconﬂ ordar that

 typleally borders the bulbar formation, forming a ring or a

cylinder of my nattor within the oltac‘kwy buld 01- ema or

: ‘aaaacent part af the hemzaphare“ . Baa undoratmda Herricic’s

| ‘term "nnditrarenuatod" as. mmw & lack of olear n "

| eufergnt;atim -into.deﬁna# nucles or hmﬁmep It uoul& also

spply to the position of the cells close to the ventricular

ependyma which Bay ‘Se regarded é‘s primit:lve._v He pbintg out

how‘evér, that this arrangement shows v‘ari»ati'o‘nn in .éach‘
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vertebute species depending to B8 great extent on the &agr«ea
of developrent of the olfactory apparatn. . The variations
" have. been fllustrated in seversl 1ater ttudzel, €l Young
{1936), vho pos.ntod out tlmt ‘the use or the term
~ "undifferentiated” could not u applied uterauy to the nuoIeua |
m the rabbit where it shows very consmaru‘ble airrerent.iation. _
o Harr;lck as.naea the nucleus m‘:a a pars mmm.s entarely ‘

-with!.n the oltaetory ‘buld and & pm ﬁoxwaua, ventx-ans. - :

medialis and lateranc in the oltactory peﬁuncle. lie alao - __
recognised & pnn axtema elosel: uaceiataﬁ with the lataral : e
olfactory tmct‘ Caudal to tha oltmtory pedunclo he .
descrided a pars poater&or vmch uma into the mdzal nll ar‘,; i
- the hemisphere. RS s SR
' The pars wma of the mterior ol!'actnry nucleua hua |

S attrante& a gmt aeal uf attmtim. ﬁarrick (19210; from his

lutwnes on the oposBuN, divmen u into dorsal and ventral :ul'ba.
B "the forner in a‘.tosa n!.atim with tha aceaaaumr m.tb. ‘H;e S
- auggeuted that u tom a Wfar ‘between tha nain and aceeasury R
: 'bulbar !‘omat:lmn and the uin hody of tha mtez-ior oltat:tary .»

kmeleus. , It is alvm interposed betvm the tta:

_;Obmclmin (1925) states that the pnn extem is :proha‘blr an i
| »uceusm clractorz nnelwn which uerma ﬂm rtmcum of |
Mnrmim or atuppina-up alractmvy atxuuu. she daacribed it

in Geenglestes and thought. thet the cells had nigreted as a
result of the nenrouotactic Mnme of the, oyeﬂyzng o
- 'tnractcry tract fidres. Young (1936) dccapteld this explmtim,
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N.O.A.b

N.O.A.p | N.O.A. Ext. B.OIf.
rig. 13; A diagram 111ustrating the mein features of
the anterior olfactory nucleus as they would appear in a
longitudinal section from a generaliscd mommal. (A list

of abbrevistions is givenvon-p. 194,)
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for the rabbit. He auggeateﬂ that the aiviaitm into dorsal
and ventral limbs could also 'bo the raeult oi‘ the aggregation
of the particular fi‘hms that mrt this nenrobiotactic :
influence into the dorsal and vmtral parts of tha 1atemi | ,
olfactory ’tract. ' The pars extema han aluo ’bean dnaribeﬂ 'byn
Gm'ajian (1925) for the raty Hunphny (1936) far the ‘bat, and
more mmﬁy by Johnson (1957) and I»ohaam (1963) for the o
guinea pig. mmpmy, however, fmzad no dﬂistm into dorsal
‘and ventral limbs, She thmht that this might be due to tne, ”
a‘bsence in the ‘bat of the neeusory hulb. tkieh. aemr&ing ta
| B‘orriet. is assoclated with the dorssl limb, o

| The most detalled account of the amtwioi* olt‘aatary nucleus
u thet given t:y Gmb:} & Hmahny {1939). They hnve atu&ied “

: g in a rapmnemats.ra aeriea ar Vertn’bx-utea amprlsing a .'mrge

nmber of mnah. reptueu and mm Pm thie atudy and &
~ review of the ntexmm they cmluaec t.nat ‘& common pattam |
*undnnu .ﬂ:a mpholm, and that’ variatxon mm only in
vtho mlntivu aue ma degree of diffewntiaum ot the
E coupmnt parte, They rmnd ‘that when the peﬁunc].e .‘m shm‘t. ~

~ a8 in mmr imwtivom and ‘batn. the parts or:' the nuclcus

_tend to be telueoped to some extent into the bulb. At the
"oppcsue extrm. a8 in meny primstes end in uan (cmby &

L ﬂuaphmy. 19&1), when tha peaamela is long. the antex-ior

olfactm-y nucleus is repreamtod by soattered clmps or eoua

around the remains of the olfactory ventriele.
The disgran (Pig. 13) fllustrstes the main features of the
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N.O.A. b,

N.O.A. Ext.
Gr.Int.

Glom.

N.O.A.pr
Plex. Ext.

Glom.

Fig. 14, Projection drewings of transversc sections of the
caudal third of the olfactory buldb to show the most rostral
end of the anterior olfactory nucleus, 1l and 3 sre stained
by Loyez method; 2 stained by toluidine blue. X 15,
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anterior olraatory nucleua es they rould appear in a longitudinal.
section froa a generalised mammel. It consiets essentially of
the pars externa, close to the ma and aadc up of small, deeply
stained multipolar cells, and what may be called the ‘pars
principalis’ in the forn of 4 eylinder of cells surrounding the
olfactory ventricle or its remnants in the peduncle; . The
| lgtter is comnonly deicrﬂied as pos#svning dorsal, vehtral,
mediel and lateral ::arts, but thess terms have little more than
-toyobraphiul axgniﬂnance and the parts do not show conaiatent
eytoamhitectural ditremcu. . cmdany the snterior olfactory ‘
nucleus becomes continuous with the piriform cortex laterally
and the frontal neccortex dorsally. Nedislly it is said to
éom' in cimtaci with sén superficial 'cen groups in the septum
. representing e hippocaupsl ruliment. Ventrally 1t gives place
B to the olfactory tubemle But an exsension in the form - or ‘
nattmﬁ J.arge cells ‘batween the cortex ot‘ the tubarcle and
the mdarmlxg atriatm !mc baen ductibed 28 & pars posterior
by some authors {e.d. cmaby & Rmphuy. 1939). :

’:'h.'m nuclwe is eusentiauy sinuar tc that dencrnsea for
, fother umals, and to aupnry the description we hnve Mﬂ.&e&
1t 1nts_p three main parts: 1. pars axtama; 2+ pars prmcipaus;

and 3. pars posterior.

, Wa a houephoé shaped mase of améll deeply
stained multipolsr cells adjacent to and partly within the bulb,
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anrrounding the peduncle dbliquoly oxcept on 1ts ventro~nedia1
side, 7t 18 beat developed duwzo-laternlly, where there ie
also 2 short caudel amtension in dorlal and lateral talls
'(Pia. 15). Thn pars externa is intarpaued between the grenule
cell layer of tae buld externally>and the pars principalts of
the untcrxor olractorv nneleus nore aoqply. Ite gogt gostral
tip lies Juat deep to the caudal end of the aace#aory Buld ,(Fig.lB)v

2. XﬂﬁﬁLlEiﬂﬂiﬂﬂl&lu a thlck ring af’mnltipolar or pyramldal

»‘-cslln which surrounds the oltbetory ‘conmnissural couponent

throughout the ireater part of the olfactory peduncle (Pigs. 15
and 16). Traced anteriorly ita cells are replaced first on
the medial side by olfectory buld structure, Dorsally,
ventrally, and laterally it extends rmar&*u_tmn the bulb for
a ahort d1atanda;" As the pars'principalis is traeeqyﬁ |
posteriorly it becomes differentisted laterally by the |
appearance of & definite, clasely paekad, superficisl 1nn1na _f
feantinuoua with the piriforn cortex. This is probably the parﬁ f
- lateralis or other authors. ﬂaraaily zt.in cantinnouninithkthe‘
3:neucortez or the frontal yole. ﬂa&ially 1t gtves'blace'to\sama;
 suparr1c:u1. deeply steined, closely packed cells 1lnedzately |
qnt&zzar to the ventral part,ot the septunm, These probably
represent the anﬁerzor hiprQAupal,raainent.‘although tﬁey‘
camnot be traced into continuity with the indusium,
3. "ggxg_nggggg;gg. vantrhiI} the paré}pfincipalie giveé
- place to the structure of the/olfaetory‘tubercle'but extends



N.O.A. Ext.

Noo‘ AOpr
Mit. C..
N-. 0'..A. EXt-
1
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N. (o F A«Pr,
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2
N-O'- A- pf.

N-‘ 0. '-A. Pr.

‘N.O. A. Ext.-

Fig. 15, Projection draswing of transverse sections of the most
cranial end of the olfectory peduncle showing the pars

externa and pars principalis of the anterior olfsctory nucleus.
. The obliterated olfactory ventricle is represented by small
ependymal cells, Toluldine blue stain, X 15,
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N.O.A.py

N. 0. A.pr. . N.O.A.pr

N. 0. A. Ext.

'N.O.A. pr.

N.O.A.pr.

N.O A.pr

N.Q. A p.

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. o
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ponteriorly as a conspicuaun 1ayer o@ rather large cells dccp
- to the eortex of the tubercle aa deacribec by Crosby & Huuphray.
1939« Purther caudally it givua placa to ocattared.
irregulsrly arranged cells vh:ch lie arunnd the ventral surface

v‘ar the nucleus accumbens,

It should be noted thnt-vitﬁ thg poaaible exception of the'~
pars posterior the perts of the pars principalie are all regions
in a cuff or tubuler lsyer of cells surrounding the peduncle,
Although on the basis of topographical position it 1s possible
to aesignate a pars aorcalts. vuntral&c, 1ateralia ana aad!ulla;'
‘these parte are not ©clearly differentiated in cell type ond
arrangenent or in fidbre connextens.v The recognition of a parn :

la“m!s is probably justified vy its specinl relationship

uith the laterel olfec: ory tract ana piriform eortex. ',“ne,* ‘

whole anterior olfactory nucleus coukﬁ‘be rqgarded as the cortex;
'of the olractory peduncla nna the roatral extension of the "ff
- nuch larger sacondar oﬁfantory area thlch includes the alfactony
 tdborc1e and the piriform cortex, |

- Eirifors gortex )
' The extent ond boundariaa of thia cortical area have‘
‘already been described (p. 27) and are 111uatratea 1n Plg e 3.
It differs narkeﬂly in strueturo frcm the neopalliun or
neoaortex (Elliot Smith) which covers most of the surface of
the hemisphere, It alao aiffers, bntAle-s rundanentally.

fronm other eortiealvformatione'(a.s.'that of the tnbefcle)
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found in the piriform lobe. |

- Varicus terms have been used to specify different cortical
‘types in mammsls so that the terminological situetion le
" confueing (see rribran & xruger, 195&). ﬁn'thé buaie of‘ ,
| phylogenetic studica the cortax of the pirifor* lobe is often ’
’ !eterrad to ne palaoeortex, in contrast to the more highly
differentinted archicortex of the hippocanpal tormatﬁsn (cornu
smmonis and dentate_ mna).' . Both palaco- and arahi-cartex
aiffer, particularly in the number of cell laminse which can be
dletinguished, fron the neo-cortex, The latter, which is
nbn—oltactdr& in fnnction, has becéne'eztenaively ond hxgﬁly
devcloped cnly in naamals, where 1t ia considered tﬁ be the
typieal cortical rormntion. ~Ite expsneion and the growth of
| 1tn auin.commxeaure (the corpus cdilnsun) has been,reaponsiblc
~ for graat nodifacationa 1n the topegraphy of both palaeo- and |

‘“,arehi-eortical rormatlana.

Brcdnann (1909) in his claasieal stnales of the nammaltan
cortex, 1ntroducaﬁ a different terminolazy. - The emtensive
"nao-cortex he called holo-genetxc. charactcriaea by the
pcaspaaian_of 8ix ¢e11 1ayera e;ther in the sdult or‘ﬁaiing:
ontogeny, When the six laminse arc preserved in the adult
the term’”hnuatyyic”~1s aiao uadd. ‘ The»fnlaeo~ anﬁ aéchi- ’

' cnrtex. which at no stage posseas the six laycrs, he classes 68

“haturcs«nettc' _ Brodmenn's terlq homo= and: hateroeganaticl
correspond closely with the more generally sccepted terss
 1socortex and allocortex, later introduced by Vogt. Yet other
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terns have 'been mtroducea 'by the cytoarchitecton!c achool.
“@uge ngemicortex® by Rose (1929) for the cortex of the pirirorn |
lobe, but most or these hsve never gained wide sacceptenee and
| "are of 1ittle more than hiatorienl interest, The same may de |
said of eertain other terns mvented ‘by Broa:ann for lubdiviaiui
of the hotorosanatie (anoeorucnl) amn. €ufe cortex |
primitivus, némntarmc and ntriatna. U T

Broﬁnann. the Vogts. Rose snd many others warked with
‘ nutarzal atalned only by the Nissl method snd were theref‘ore
limited in their obaernum to the fors, size and disposition
in lanlme or otheniw of the perimryon of the neurone, |
' V.anal, and iater his pupil zm'&nta de m, G’Learv am‘i othera
nade far more detnnea observetion vmieh tcmk into account
the dendritic plexuaea and the at‘farunt ana Pff&l'ont oonnexiona
of cnrucal araas aa ammtrated by the Ga).gi and other
uet.alua hpmgnaum mthoﬂa. ca;lal. whou work is of _
jt'uui!amn‘l‘;as‘z. mpartanea. unturtunataly ua»ed his own 1ndi.viaua1 "
teminology for the parts of the pirifurn lohe. making

' foouparlsm: with the work of othara dl!‘ricult. ‘rhe difﬂwlty

~ is inoressed by the foct that he used a.tfreunt terms for the

, lmnan and the other aamlim npectel which he examined, lie |
 appears for exanple (Cajel, 1955), to regard the human o
- Mppoampal gyms a8 the aane as the pirlrom 1oba of lower
namals. which 1s .not ‘of course the case, Kost suthors would
include at lesat the uncus end _hnterior perforated spsce éé
parts of the pirifors lobe. He also refers to the narrow
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rostral extension of the olfactory cortex as ‘frontal’ a tera
which is more usually applied to the extensive neocortex of
the wholé frontal loﬁe.~ In Csjal's usage it clearly rhfersr.
‘only to the cortex medial to the cranisl end of the rhinal
fiseure and closely related to or eoverod'by’the lateral
olfactory tract, ﬁe states that it receives collateral
branches from the fibres of that tract. Furthcr cesudally,
still medisl to the rhinsl flesure and sbout on a level with
the emygdala, Cejol differentisted the 'sphenoidsl’ cortex
(1901-2), a ﬁart of the piritoru.ldbe which he found received
terninal fibres fron the lateral olfactory tract, This
appesrs $o be the seze e the ngooree temporal olfactive”
 '{his Pig. 450, 1911) or tha "Region olfactive pr:neipale ou
, centrale de l'happoeaupo” in tha hunsn‘brain. ’
| ' Fnrthar esudally again, and aleo bounded laterally by the
”rhinal finaure. he dxrrerantiatad the "dborce temporale
A  pastdr1unre ou an;erior” which is separated nedislly from the -
 cornu ammonts of the hivpocanpal formation by the subiculer
araan. ‘ Gandnlly and dornally it gives place to the retro-
' uplenial areas of naocortox, usually tith no nacroacopic
 boundary. He also refers to this cortex a8 ths *noyau
,'angulaire“ (F&g. uso. 1911), Loronte de md; who later studied
it in great detail (1933). adopted the term fentorhinal’,

. A8 Gaaal pointed ont, 1t receives no,aecondnry-olfactary_
~ connexions from the buld and 1s more complex in its cell content

" and laminar structure than other parts of the piriform lobe,



- 55

Lcrantc de Nd’canaidarod however that 1t wss simpler than the
gonarnl noocortex and although poseessing 6 laminae han tawer
cell typel.  Por ﬁhln reason he rag&rﬁed it as transiticnal
b@tuton the ailo~ or palaeuncortex of the piriform lobe and the
. iao¢ortez or neoeortex. It covera the greater part of the

. aurracc of the hlppocanpal s:rul xn the humsn drain (Brodmann'
 area 28). RS U B |
| The entarhxnal area is elosely rolatea to the hippocampal
'Ntarnatzan and connected to 1t by Cajal's "vole temporo-
_anmoniqpo”“, It 18 well develupo¢ in an enosaatic lamaal, the
porpoise (Breathnaéh:&‘Gblgby,”}sﬁh) and although, in other
| naﬁaalu.'lt raébtiﬁa tertiary olfécteﬁy éonnexiona from other
parts of the rhinencephalon (crasg. 1961; Powell. Cowarn &
,Ratauan. 1965)u it e ﬂoubtful if its priuarg funotlnn s |
olraetony. | | ', e e |
- oray (1924) studted the cortex of the piriform lobe in

“ the opaasua (a,,;z;gggigng) a pyiaative manmal where. the |
3  vmncro;enpie features are more c::ily camparea with those in the
| coypu. He dlfferentiated: (i} an aren pzrifarnze amterior
axtending‘frcn the Iateral part or the azterior alrnctery ‘
nucioua alomg the 1atera1 olfaatory tract aaudally to dbaut the-'
- level of;thehroatral\border of the olractorw‘tubarcle;__thia;~
 corresponds with the frontal part of the piriform cortex of
 the ¢bypu as defined on y;”27, (11)”an area piriformin .
medialis occupying tha middle or intermediate part of the
pirifora lobe and adjacent to the cmudal parta of the olfnctory
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tubercle and the amygdala, i.e¢. the temporal part of the
ririform in the coypu (p. 27}, and (441) an ares piriformis
posterior which élearly corresponds with the entorhinal area of
Prodmsrn, Roge, Lorente de No and others and is the tern wiieh
48 used in this thesis. Oray coneidered that it is in his
arca meadialis that the piriform cortex attaine its most
cheracteristic aifferentiationy thie ie the region which
according to cé;;:ﬂ. receives the main teruzinsle of the lateral
olfsctory tract and was named‘by him "sphcnoidal” or “deorce
temporal franchement olfactive”.

"‘he pirifora cortex haa been described under its various
names in greet ﬁatedl by many suthors and f'mqumxﬂy
subdivided (e.g. by Economo (1929) into m{eaa piriformis FX
and ID {lateral olfactory gyrus, insuler aerea) and area
pirifornie temporslis TI, and by Rose (1929) into prepiriforn
1, 2 and 3), It is not necessary to discuss the small
eytoarchitectural differences on which these end other
eubdi.viaiom sre based. In genersl it 18 of relatively eimple
structure. Cajal (1911) and O'Leary (1937) on the basie of
Golgt as well as Nisel prepsrations, distinguished five layers
of which the £ifth is the underlying white matters In tho Niscl
stained coypu material there appears to be three basic layers -
moleculalr, ,pytamaal end polmomhié (Fig. 20), mzt cloger
‘study shows that the pyranidal leyer can be divided
indistinctly into t;wo, corresponding pro‘bami;r with Cajel's
layers II end 11I. The following describes the layers in the
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frontsl part of the pirifora cortex of the coypu.

I.‘ An outer molaculgr layer consisting of the dapdritea and
axons of underlying cells and also a few horizontal celle.
To this may be added & "fibrillsry layer® on its surface formed
‘ ‘b& the lateral olfactory tract fibres, ,
Thek presence of myclinasted tibree~xn this lemina is a
characteristic feature of the whole piriforn eortex, In the
coypu the fibrillary lﬁyez- is nmade up hgdially of the maccive
~lateral olfactory tract (Fig. 20) with fibres dtrect"ed" roatro-
 csudally, Fine myelinated fibm vnpr_éad laterally from the
tract Just benea@h the pinl anﬁa‘txe into t_he wall of the |
rhinal fissure dut do not extend to the neocortex beyond it,
The decper plaki’rora layer contains a few myelimted ribres
~ and e few nerve cells, most small and fusiform, These sre
”ptabahl;f'cagal'c'horizcmtal 00118' but there is an oceasional
- 1arger oell which appesrs to have been displaced fron 1:&3@» Za

1 &. A feirly compact layer of small and | aeﬁiun pyramidel m'
polymorphic cells s,muhat varisble m’vsia‘e and often arranged
in clumps, In the coypa the eells are moatly fusiform or |
‘nultipoler rather then typically pyranidal but with the long
axte perpendiculer to the surface (Figc. 21 snd 28).

. Pattimarly.denac clunps'of ml}.a’vare present deep to “'the
kieml oiféctory trﬁct, giving this part of thﬁ éor_tex a

; cormgated #ppearance not seen ihere 1t extends into the wall of

the rhinsl fissure,
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IIb. A broad layer of Acep pyramids in wilch tue cells are
slightly lerger, anﬁ'sonewnattuore'acattefed tian in layer Iﬁé
Cajsl founé that these pyramids have characteristic brashy -
Aendrites, and they were ealled'dauble pyraﬁidsAhw Kolliker
(1893). In the coypa these cells stain less intensely then
those of layar IIA(FLG. 23) end thcw'are much scarcer in the
frontsl than in the tenporal part cf the ririform cortex.

I. A-brnad layer of scattered pokymarphlc ¢ells which in the
coypu are montly rather seall and mnltipolar. They lic among
nyelinated ffbrea anprosching or leavzns the cortex.

In.the coypn the lateral bounénry of the rrontal piriform

'cortex is shar;p at the bottom of the rhinal rzssure where it
~ Bives place to neocortex., Rostrally the ventro-lateral part
~of thé shterior olfactory nucleus has & practically identicel

‘structure, eieapt for the sbsence of'cluaping of the cells in
, 'layer Ili 8o that no clear~bonnﬂary exista. tediolly there 1s
. an eqnally Sndefinite tranaitiun té th@ cortex. or the ulfactory
tnbsrale whicb contains the sane basic 1ayers but with
“  certain speelal characteristics which wil;,be described later.
_ The tempdrélvpﬁrﬁ of the pﬁfiform.cortex in the'eqypa.is
i illuatrated in Figs; 32 and 33, The nﬁme~3 basic layers
‘are present, Leyer I ie thinmer chiefly because of the
nhrinkase‘or the loteral olfactory tract, most of the fibres
 of which have ended at more rostral levels, Its superficisl
’tfbrlllars part is recogniseble only medially close to the
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anygdaloid fiesure, snd laterally close to the rhingl fissure,-
L.ayer IIa contoing cells of the same gencral type as before bhut
' more regularly erranged and with less clumping snd few
corrugatione, Clumps are still seen hovever, chiefly in the
redial woll of the rhinsl fissure and 1t may be noted thet
eimiler clumpe are quite numerous in the second leyer of the
neocortex beyond this fissure {Fig., 32). Layer IIb (the deep
pyramide) seems more definite here, its cells being scattcred in
contrast to the closely packed superficiasl pyramide,
They are difficult however to separate from the multipolar
cells of the 1lird or pelymérphie layer, which are
distinguisheble chiefly because they lack the orientation
perpendiculay to the surfaeé which is charncteristic of Lsyer
ITb, In turn theAIIIrd\layer cells sre in some places not
clearly separated from the underlying mass of cells which hss
been identified ms belonging to the clnustrum,
- As barnre'tha‘aeocortieal‘haundary e fairly sharp,
/It lles at the bottom of the rhinsl fissure whers s narrou
1ntermeﬁ1ﬁta zone'eeuld be interpreted as a peri-rhinsl srean,
Hedinlly the ﬁdgndariea‘are much less definite and there io a
transition to tha-nnéleusiar the lsteral olfactory tract and
the cortico-anygdsloid nucleus, caudally'the trangition to
‘the multi-laminate entorhinal cortex 1s gradual. |
It 1s clear thet the piriform cortex of the coypu ie
relatively uniforn and sinrle in structure, The three bzgie
layers e re present throughout dut in Nisesl stalned preparations
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it 1s aifficult to decide definitely where the boundary between
the IInd ana IN¢H leyers should be put, It 1e obvious that the
lemination is less complex tham in the entorhinal or much ot
the neocortex, The absence of granule cells is also &
striking feature, The presence of myelinated fibres in lsyer I
(forning its ﬁ'brnlsry part) is also charactc,riauc. There is
& strong presumption that these are lateral olfactory trect
fibres most of which appear to end :m the frontal reglon of ‘the
cortex, Qauﬁany the remsining myelinated fidres sre
concentrated in two regions, medially olose to the srygdala and
latemny, close tco the rhinal fissure.

thile it mmld e possn:le on the dasis of such features
as the presence or sbsence of cluaping in the IInd leyer and
the distribution of myelinated fibres in the Ist layer to |
subdivide the pirifom area, it is doubtrul Af the au'bdi-naions
would have much nigninoan« or mmapond at all closely
ku:_.th those sade by others (e.g. Rose, 1929). There docs seen
gome basie for cdnparmm with -Géay’p depeription ei‘ an area |
piriforais anterior (rrmtnl)' and medinlis (tenpérél) but to
8o much mrthar then this would uquim a detalled study of
" eell types and fivre plexuses such as vmlﬂ be poas:t'ble only in
' ‘Galgi naterial, So far as ordinary cytmrchiteotanic studies
are concerned the mtntandine churacwriauc: of the piriform
area are aiupneity and mfomity. -

Entorhinal cortex

The entorhinal cortex 1s much more complex and 6 laminae
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can be ldentified althongh the schemes adopted by Cajal (1911)
and Lorente de Nd (1934e, 1934d) differ elightly. Cajal
actually described 8 laminae but these included the underlying
 white matter (the 8th) and an almost cell frce deep plexifarm
layer'(the 4th), In Niesl preparations he 1uuetréte§ 6
cellular laminac. o | |
Lorente de Ng gilves mony detsalls of the intracortical

‘plexuses and of the dendritic arborisstions of cells and the
orientation (in mome cases the destination) of their axons.
It is not necessery to diecuss these details here because the
~ methods uaﬁy in the “preuent‘ study (chiefly the Nissl technique)

do not demonstrate them so that no comparisens can be made,
_ The 6 leminae seen in Nissl preparstions can be identified in
-many aarrmm mamsale and m be t:ten as characteriatic for
the uamnan mtorhml area m xmral. As Lorente de N
'paxntaﬂ out howmar, Mnntu‘iaatiem of imlzaa in mssl

. pmparationa are all nura or lma m‘bjective end Gifferent
obsewm. even using the ‘same naterial. may cme to dzrrerent
| emclmimm It may be noted that Rose (1926) defines only T
© eellular laminse in the entorhinal sree, Partly for this
' peason u does not seen nem»ary to discuaa the diffemm
uubdiﬂaim made by Rose ana othen. the algniticance of which
ﬂepMa eszentlany upon e krmlaﬂga of their comexions and
ai' the amngmnt of the fibre plexuaee. nxoml and dendritic,

In the eoypu the eituation of the entorhina}. cortex 1is

11lustrated in Fig. 3,24 It extends doreally for a considersble
distance on the csudal asspect of the hemisphere finally
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| giving place to the ratroﬁplenial regtcxi of the neocortex,
Its characteriaues can baat be dsmtmted in sections
“horigzontal to the henisphen {rig. 24)s The 6 laminee are
“clesr and correspond fairly claeely uth those deﬁned by
: "_I.omte_ de KXo in the mouse, They are as followe:

I. ‘_'rhe plexifors or nolecmlai layer is fairly wide, It
‘contains océssional fusiform or mltipolér cells
representing the horizontsl cells of Lorente de NGe

II. A narrow layer of rather ‘cloaaly_pkckéa mediun sized
polygomsl or ster cells, generally oriented perpendiculsr
to the eurface, end not sharply separated from the IIIrd
Iayer. Thie layer :ln best marked aedinlly (adjacent to the
nub!.culu:) and lateuuy (ad:aaent to the rhinal r:lasnra) .
In doth thaae situsntions the aans ‘show a tendency to elumptng. ‘
Thia lnyer is mh lem distinct 1n the mtcrmdiate regim.

xx::,.* A 'bmd 1nyer nf ranitam ur mlxgonal celle, more
widely spaced, and correeponding to mmte'n suporficial
‘pyrssids, Deep to the cells s @ narrow almost can free .

“ zone, Lorente's layer IXIa (Cajsl'e 4th), which contains ‘the
awpest part of a damw tibre plaxua 'hs,ch aztendu throughout
‘the IIIrd layer. | ‘

IVe A thin layer of rather zm., vmm widely spaced
polygonal cells (Pig. 25). They are the largest celle seen in
this cortex and form Lorente's layer of deep pyranids or

" Cajal's k"horzsontal ap’.ndle cells”,
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Ve A broad Iayer of ciosa«-pucked small cens,‘ nany
resenbling grenule cells., These are Lorente's small pyramids
with recurmt exons. R - |

Vt. ~ An S.I.l-dsrmca layar or ury vidsly npaeea larga or
nciuun pol:goaaz or polnorphtc oellu.

- This highly cmacteri-tte ‘cortical 'nrealis‘rairly uniform
in utmctm'bnt could e divzded into aed:lal,’ interncdiate and
.1atam1 araaa mmapmﬂzng appmximmiy to Lorente's Areas A,
B and c m the ‘baais of tha cﬂoamhatmtnul dmaremea m

' ‘,*-zhe IIna la.ver. |

e The aiue end ﬂmauntutton of the olraetor;ar tubercla 15
‘tnaugm to ‘bm some proportion to the anelopmmt of the
pltautuz*y nyatem, anhmh nacmaeunieany ot lenst, it is :
a umﬁmm featm of the anwmtw porvpoiae (nmathnacb,
1955). one of the earitest stuaien was by Calleje (1893)
who besides Mcribing the *islets’ which are namd after him,
descrided the three main layers which have formed the basis of
all au‘baequent deaar!pﬂom ﬂ.sx (1) wter or anlaeular,
| (11} pyranmal ( Iarge and uadmn cana) and (111) the plexifom
| or polnarphic layer. It was desoribed for a large geries , of
mammals by Beccari (1910) and by Cajal (1911) in the cat,'aog._'
rabbit.,}nme‘ end man, Among later accounts are those of
Gurdjien (1925, rat), Loo (1931, opogsni), Young (1936, rebbit),
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Humphrey (1936, ‘bst) and Croaby & tumphrey (19&1. men).
The felets of Calleja are its most striking festure and

‘as Cajnl (1911) pointed out, apart from them, the structure
s very similar to that of the p:rxturm cortex, ‘Gurdjian
-camtéd m.,.iaiéta in the rat and there is often one which ie -
par{iculnrlar large on the medial ﬁiﬁé cloge to the nucleus
‘accumbens (Loo; 1951;’ cfaﬁby_ & Humphrey, 1941). ‘!any ere
'made up of suall "granule” cells in which nothing but the
’nucleun csn be seen in Nissl preparations but others contain
: mun pyranidal or polmrphzc conc. -Nowone has Vo:tem e
uatiatactory a:planaslcm ror thua axtmelx o0dd masses of
aalln; the:r vm greatly in shape and azze and are so aharply
| deﬂ.neﬁ lma 80 ﬁlfferant from their surroundinges as to suggent ‘
- pathologiml srowths. The appearance of the smaller cens

: ;uggetts lacannad pmlitemuon ot’ zu.al calls, 'but casal
~-{1911) in 60131 preparation ueam to have confirmed that
_ thay are neurmn which diacha!‘se ‘by ﬁ.ne axana into the

B "unaerly.wg white matter, | B
| ézthmgh the degree of dlrfercntiutim versae in
o difremt nmsle the nolecular, pyranmal and polynorphic
| ) 1ayera m alum be aiatimished. 8light h.tstological
ﬂiffermaa (eeg+ presence or abaemé of clmging and

' mrmsation in tlm second lmr) have ena‘lzle& sone authora ta
azm.nsuuh different regions, described ns antez-iar.
| "Mtaruaaiate or poaterioz- (caaal. 1911) or mediel, intermediste
and lateral (Young, 1936). .Hunphrey‘ (1956) deseridbes an
anterior less 'dit_remgntiatae. and a ‘_podterior more highly .
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differentiated region corresponding with cojal's anterior and
internediate resions, vithin the latter she dlstinguished
medial, intermediate snd lateral Mimag -

Beccary (1910) wae doubtful if the tu’b&cla received any
secondary olfactory fidres, but most authors state that fibres
from the lateral and sometimes internmediate olfactory tracts
¢an be traced into the molecular layer of at lecast its
entero-lateral part, It may be noted thst 1t is Just thie
‘anteroelateral part which, in the snoematic porpolee, scens to
have lost the chﬁraeterist;c atnictum of the olfactory
~ tubercle (Breathnach, 1953), It ia also connected to the
‘éeptum, to the medial fore-brain bundle (Morin, 1950) and the
olfactory commissursl component of the anterior ceﬁ!mm
(Bumphrey, 19365 Fox, Pisher & Desalva, 1948),

The characterietic molecular pyramidal end polymorphic
layers csn be recognised in the coypu. ﬁ‘pey are continucus
~ laterally with the corresponding layers of the piriforn cortex,
and are of a similar genersl character (Fige. 27 to 29)s The
celle of the pmmmal layer however are smallep, more rounded
and stein less deeplys The nucleus accumbens ie deep to the
| polymorphie leyer and separated from 1t by the finely
myelinated fidres of the medinl fore-brain dundle {Fig. 29).

Two main regions can be recognised antero-lateral anak
mstemgdtan In the former the pyromidel (and) layer 48
greatly oorrugated and contains dense ¢lumps of cells,
Posterc-medially celluler density is much more uniform and
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there are no éormgatloné, 80 that ,it is much more like
pirifors cortex than the rest of the tntercle.

‘rhe islets of caueja are ‘nx's' compicuou and can dbe
found in all the layers. sme extend to the plal aurfaca very
like the one illustrated by Cajal (1911) from a cat (his
Pig. hGSu). A particulsrly large island is usually seen close
to the nucleus accumbens on tha medial side. Although many of
the islands ccmaist of very nan ceua, saperficially like the

: pronramtaa ependymal or glial cells which ere found along the
| course of the o’nnterated olfactory vontriele, some are
~ obviously composed of very saall fusiform or polygonal neurones, |

_ In up:lta or conmsion due ta a mrie& tem:inology a
| ,tmay of the literature shom a large measure of agreement

comaurnins the cell masses and fibre emxinns of the septum,

: ) ‘l‘ha chi.et d&t’rcmtiatima are a large cened moedial nueleua. |
' # small celled leteral nnclm end bed muclel of the
- vhippoempal and anterior oonmzaama. | Certain other nucl&i
~not wholly 1nc1m‘!ed in the septum, such es the mucleus of the
| uagml ,‘hand. and the nucleus muabm. are ususlly deserided
| 'ﬂth' this wglm » &nd sometimes the caudo-medisl pert of the
anterior &z'actury nucleua ana ﬂxe anterior Mppmaml |
| mdinent. | . . ‘ ,
. | 'rhe ueaial mazena ie superficially placed in the rostral
pnrt of the septun { Humphrey, bat, 19363 Bresthnach, porpoise,
1953 snd Lohmenn, gainea pig, 1963) where it is olosely related



| R

to or continuous with the medisl part of the anterior olfnctory
nucleus snd the anterior hippoesmpsl rudiment. Ceudelly and
| veﬁtrall: it 'in more or lees contiunotze with the mucleus of the
&isgonsl band, It consists of large cells, although some
authors divide it int.a' large and small celled parts, the small
 gells being mere rostrally situated (Loo, opossum, 1931; Fox,
cat, 1940), Young (1936) in the rabdbit rm the larger
celled part matrany. o . o

; The leteral nucleus is naunny larger and is bounded
latarauy by the ventz-lcle and separated below from the nucleus
ueeunbms by a aan free sone as deserided :’or the rabbit by
‘Young (1936)‘ Agein sons anthorn have su‘bdividea this nucleua.
ususlly 1ntn dmal and untx'al pnrtu (m. 1931; Andy & |
: Stephan, 1959 end 1961, in the Galego and in Sorieidse), Its |
E un.n ars amau or ap&im in um m tusifora or pﬁlnorphic
in churmtu. | pe _
| wne bed mxeze: of the cmusarea eanniut of emall cells,
mmed or tuairm, around end amg tm :‘ibrea ar the
| Mum. ‘rhey do not form very well dermdnuelel.
| A mucleus trianguleris (Cejal, 1511; Loo, 1951; Andy & stephm,
1959) pro‘bably Mmas to thh mtagury. It 1a a rat.her ’
‘atrikang trznngular mass of uau nnuc am :h: tranaverse
sections mtml to the higpoempal cm&amu am‘! ‘betwoen the
celma of the rcm:. Rostral to it a dm-nal septal malm |
,(Loo. 1931) or group of nueled (Anay & Stephan, 1959) hae been
‘described in some forms but does not appesr to have received
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general recognition.
- The mucleus accumbens septi s an. extension fron the
head of the caudate nucleus below the ventricle into the septal
region, Herrick (1924) and a number of other authors hame it
aé a‘aeptal‘nucleua but it sppears to be sssmtislly a pert of
the corpus striatum (Goldby, 1934; Crosby et al., 1962),

The nucleus of the diagonal band was desoribed by Iroca in
1879 and hag since besn recognised by many suthors ( e.g-»
Johnaton, 1923, rabbit; Craigle, 1925, rat; Loo, 1931,
opossumj Breathnach, 1953, porpoise, and meny others),

Young (1936) desorides 1t very clearly in the rabbit as a bowe
shaped mnsé of cells baginn;ns eaudowventrally in the septum
near the medisn plene and reaching forwarde as fer as n glant
islet of Calleja close to the nueleus accumbens, It extends
- wentrally end 1aterally acrogss the base of the brein dehind
the;olthctuny tubercle to the.anteriar aﬁygdaloiﬁ areae

It contains very large cells 1ike those of the medial

geptal nuclcus with which it ie sometimes continuous -
{Breathnach, 1953), anﬁVia~ascanpén1ed by & bénﬂ-or bundle of
fine myelinated fibres throughout ite courses |

The anterior hiﬁpoaampal‘?uﬁiment'gcnﬁrally coneists of
a layer of medium elzed cells, tometimes broken into
discontinuous groups, which extends from the enterior olfactory
nucleun in a dorsoecaudal direction to the genu of the corpus
calloaun to become continuous with the indusium, It may also
extend for o ghort distence ventral to the genu as the soptos
hippocampal nucleus (Humphrey, 1936).
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In the Pruatea and perhapu in other. umnle with grent \

~_ neocortioal expansion ma ] comnpondxngly 1arge corpus

- eallosum, the upper part of the septum ie .tretohea between
" the fornix and thq cnrpau calliosum, Th.ta is the "'uptna
pellucidus” of husan enatomy (Elliot Smith, 1895), In this
region the spsce in the median i:lam between the two henlsphjem
~ 4s the "cavum"™ of the aeptn;t‘pcuueim which may be open
; mtrauy as :.n the oat and muquc or closed as in @man
(i'ho-paon, 1932)e L |
| 'mm eytomhztectml arremntzatim in the peptum of the
| coypu is not very narkcd‘ \ Itu ntmtm 13 clearly sinuar
‘,to t!xat of othex- umm ulthough by no means all the amaller
| nuclei ocan be seen aistinetly. ﬁ‘laborata aubaiﬂsxma uuch
as ‘those nn&q h;r Andy & stophan { 1959) 1n Ga}.ugo would e very
: éitfienxt to ;matit'r' Sl ‘ , :
ﬂedial md mteral mcle:. are oertainly preaant, the 1atter
'-mch 1arger than the;tmqr (rig. 29). . The ,neaial nucl.ene is
| defmtcly nm:a-’?cellui#r in type and | ﬁppenz-s rcstraily and
S vemranr on the medisl upeet of t!m nucleua aceunbena. tron
rh.ich it :I.a separated by ;lalmdl of small cells mamhlxng |
‘ nnt- ot‘ caneja. It is naver elurl: aorlned. , It abuta
mtrnn: on the alractory tubercle and can be rouemd '
. candally on the sarface to ‘boeme eont.tmm ﬂ.th a vcn
| 'Wexopea nucleus of the dlagonsl band which is similar to that

401‘ other manmals, Its celu are multipolar and whne

‘generally lwge vary omliderabiy» in size, It is acdbnpanted
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by the disgonal band fibres which are finely ayelinsted and
stain poorly in the Loyes puparatim. Kore rostraliy the
large cells of the medial :eptali nucleus are also accompanied
Sy vertj.cally oﬁented fidbres v_:hich appear to run between the
septum and olfactory tubercle.

 The lateral mucleus forme the gréater part of the septum
‘and is situsted dorso-lateraslly eljacent to the ventricle and
above the nucleus accumbens. In front of the lanina terminalis
it fuses over a considersble ares with its fellow of the
opposite side. A few larger colls in the median plane in this
'regzm nay rcpment a caudal resnant of the aadial nucleus or
pouibly the beaixming of the nnclaus or diagonal band, The
| &e_nu of tha lateral nucleus are medium in size except in its
| oaudal part mﬁri thoy are nuz.ier ‘m‘nare closecly packed
aa.‘jwent to the fimbrie as the lattm‘ approsches the hippocampal
~ comsissure, ma part may uprumt Luo’a (1931) mcleua
finbrislis septi. | -
‘ 'rhe bed meclei of tha cm&mmu are ponrly mrasented |
and inﬂeea around the anteuor comnissure no emmntraum |
| of cells can be made out. There is some cnncentration of
amall ce‘nn arow the hippocampal cmiaaure, mst marxea
doreally end ventrally, In the latter situstion they extend
down between the colunns of the remax and may mpment a
~nucleus triangularis, ' | | )

Rostrally and ventrally, the anterior olractory nucleua

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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Those cells can be traced with some difficulty slong the
border of the neocortex to the genu of the corpna callosum
. whare they becone ‘continuous with the cells of the indusium
- griseun, They rtprncnt the anterior hippocaaprl rudinent, 7
" No cleer npto-thponmpal nucleus ventral to the genu can |
' be 1dentified, o |

~ The position of the emygdala has been desorided (ppe26 &27)
 and its ‘surfece extent 18 111“&:-&& in Fig. 3. The
olmesification and terninolegy of ite muclel s based on the
wor: of Johnston (1923). Johnston thinke that msny of the
snygdaloid imelei uré taﬁa& by an z.'ngrmn ::?on the lover
~ border of the piriforn cortex in the region of the endoriinsl

 sulous (usuelly ntama to as the anygdaloid fissure &t thie
lavﬂ.). the cells which uunanad superficial medial to the
aulcm rmng a corticnl anygdalold nncleu. He thinkn
that thie nncleua and the zmemua or the xateral oltactory
tmt, also superficisl in ;pm.tuw, mﬁ the uom dmply ‘
 situated ocentral and medtal nuclel are Wlogenetically older
than two othes- nuclel vhl.@h he urermd to no basal and 1atm-a1.',\
_anr wrkam (a.s. cmbr & ﬂmhrw, 1941) refer to these |
nuclear groups em*tteo-neaia}. amd baw-lataral !‘meeti‘l'el!u
‘The eurumad!.al sroup appears to be we mtmulr relatea |
with the stria terminalis, and the ‘bno—lnteral group with the |
anterior commissure ( Humphrey, 1936) but the question of their
relative phylogenetic sge is doubtful becsuse it is difficult .
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to estadblieh the honologies of the individual nuclei in
sub-azammalian vertedbrates. | |
4 Anong the nanmgl the arrangement of the smygdaloid nuclel
- is renarkably unifors and no clear phylogenstic trends can de
recognised., Crosby & Humphrey (1941) in their study of the
huam uygaala were able to 1dmt1fy the baso-lateral and
cortico-ne&hl mup end to use the same terminology as for
sub-prisate mamnals. ‘It is usual also to include in the
manla'a third or anterior group {(Pox, 1940) conshting of the
nuclena of the lateral olfactory tract‘ an 1ll-defined anterior
amygdaloid area and certm intercalated :uau of cella.  The
 muclear suddivisions can not 'ha described 1nvtem of the

- groups specified.

. A g 2aloid _ares. This tam wes first suggested
vy maann (1923) for a diffuse mgim which he identified in
the mtml extrenlty ot the anygdaloid eonplax of the rat brain,
Johnaton (1923} appamtly did not . mvsnite it as dtnttnet

from tha uentral nucleus in tha humsn foetus, It does not
appear to be present in the bat (Humphrey, 1936),' hes fair

. rapmsmtation in the ub'bit (Young, 1936). guinea piz

. (Johnson, 1957). and. the cat (Fox. 191;0). and has a cansidemble
- extent m the shrew and m ®man (cM'by & Humphrey, 1%1, 19%).
Lying junt dorsal to this area and ‘extending for a short
distance caudany. two or three groupn of small celle are found
which Johnston (1923) nmd "Intercalated nmn" They have
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~ Dbeen Msntiﬂeﬂ by many worikers, e.g. Fox (191;0) in the cat, | |
~ Brodal (1947b) in the rat, and Johneon (1957) in guinea pige

In the coyru ‘brain thl.u 4iffuse area is eeen :I.n the

postral extremity of the aaygdala (AAA, Fig. 30) lying between
the central nnc:l.eua Goraan: and the lateral oltaetm-y tract
ventrally. It is bounded rostrally by the deep layers of- the
olfactory thbei'ele. ’lateﬂuy by the clnuntrui. medially by
the dlegonal band, and ventro-nedislly by the mucleus of the
lateral olfactory txiaet. it 4is composed of scattered small |
cells mich have not aiffercntiateﬂ into the »
mclear masses characteristic of the candal port of the anygdalas
Dorso-medially tya groups of culzs,can be seen which rapreaent
~ the intercslsted masses (Fig. 31). They 1ie just nedial to
. the central nucleus (z in F'ig. 30) ana dunppear caudslly
uhe:m the Iataral melaul baginh |

s shows 2 iﬁa"

| range of variations in the u:ﬁualhh nfia-. Gurdjian (1928)
‘deacrided for the rat dorsal and ventral, snd Young (1936) for

the rabbit medial and lutenl pmu; Crosby & Humphrey (19&1)

" @escrived an extremely minute representative of this nuclcus

yin the microsmatic hmn brain, . nreathmch & ﬂoldby (19514,)

‘were una'ble to find 1t 1n tho anomaue xmrpoiu.

‘ In the cnm 1t ie tamd by & vmu denuuad mup of

'_ desply stained aolls under the ne&ial border of the lateral

olfactory tract {Fig. 26) and lying between the aiagonsl band

medially and the ante'rioé anygdaloid aiv’ea laterally (Fig.‘ 30).
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Cx. Pir.Tem,

Pige 30. DPawinge prensred by projection from 6 transverse
sectione through the emygdals from the rostral (No, 1) to
near its csudal end (o, 6)s Tevels 1, 3, 4 and 5 correcyond
to the photographs shown in Plige. 31, 32, 33 oné 34
respcetivelys £ 5. '
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Souetues two rounded macses instead of one, as ducz-ibcd avove
by Gurdjien (1925) for the rat, can be jdentified. Rostrally
it is contimous with gome diffusely ax'mged eenl beneath
the lateral olfactory tract which decome indistinguishabdle
from the medisl border of the piriform cortex or the latersl
border of the olfectory tubercle, Caudally it is gradnall;
ruplnood by the cortiaal amygﬁaloid nucleua. -

| In thia'gmup are included the eortieai nucleus, the
ertico-amﬁaloza transition ma, the uea:lal nnd cantul
mzcln:lg und ths Yed nnclcns ot the ntrin teminuns. )

| The goptical mus was found to be ven denlopod in
| un nmnxa axauzmﬂ including mm (cmby & Humphrey, 1%1)
”'but least so in the bat (nuphroy. 1936). A nolaculnr layer. -.

a layer coatainmg prmudal cauc am! an nnderlylng sone of

lﬂattem eena s:ve jmtitioat:lm for elansiﬂeation as a
coz-ts.csx rarnatim. | Latemny it 1s emt:mma through ‘the

: ,coﬂﬁco'-mdalom tmuuun area 1n the amygdaloid ﬁsaure

with the piriforn cortex, oy |

| In the coypa the cortzcal mwleun hosina tmtrally a8 a
aaudal ‘continuation or the mmlemu of the lnterai alraotory

- tract, snd is caudsl %o the mcleus of the diagonal ‘band.

Canda}.ly J.t lies entirely within the H-al;ape:d a:nygdalglﬂ ‘figeure

(Pig. 36). Laterally lies the cortico-amygdaloid transition
area which 15 a mass of intermingled pyramidal and polymorphic
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cells in the amygdaloid fissure betwcen the cortical nucleus
and the pirifornm cortex, Iedially it is separated by the
medial 1imb of the amygdaloid fiseure from the medisl amygdaloid
nucleus and the subiculum, It miata of large deoply stained
 cells armnged in three laninae more or less similar to those
©of the piriforn cortex, except that the pyramidal cells are
not 8o closely packed' (Fig. 33). Dorsally the desper layers
of tﬁa cortical nucleus cannot be distinctly separated from
‘the ma nucleus. |

mw forns the ventromedial border of the

myxdazs and has been dueribcd 'br 8ll suthors vorung on
masmslian brains. | Gnm1m (1925) descrides 4t as extending
| 't!irmhoﬁt the whole mﬁero—po@tertor length of the amygdela
in the rat, and 1t has been found to be quite large in such

| manunle as the «&: (Pox, 1340) snd the‘ bat (Huuphrey. 1936).
It is un differantinted m priuatea ag described by Groaby &

" Humphrey (1941); mmax-. Breathnach & Gomby (1954) founa

that 4n the porpoise it containa fewer cells than in most
manmals, S R

In the coypu 1t ie first seen just rostral to the level at
which ’tha’ cortical mucleus apmm but 1t does not extend as
far aaup(nlly. - Ite most rostral end is not clearly outlined
as it fuses with the snterfior amygdalold area and the cortical
‘nueleus (Fig. 31). Here it ﬁ‘very clos'e"tcv the pre-optic
‘region which lies medial to it (Pig. 32), Ceudslly its
cutline becomes more definite and it can be distinguished from
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the cortical mucleus bécause of the difference in cellular -
architecture (Fig, 33). The mediel nucleus cbnsista of
densely packed 1lightly stainiag, mediun sized nltipolar calla.
Dorsally it is elose to the cells of the bed nuolcus of the
stria terminalis snd the central mucleus. Laterally, the
basal and latersl amygdalold nucleli are found (mgs. 30 and 33).
At ﬁbre caudal léula 4t dlends with the calla of the au'bicu.lum.“g

W is derply situate& and begins at the
most mtral extrenity of the amygdsla. It can be identified

euﬂy because of ;ts characteriat‘ic relation to the' putamen
which lies dorsal to it, Medislly the central mucleue is
‘continucus with the caudsl end of the bed nucleus of the stria
terminalis as dasérzbad 'by Johnston (1923). It hos been seen |
in all memnals exanined e.g. the rat by Gurdjien (1928) '

Brodsl (19&7‘)). the cat by Fox (19&0). and man by Crosby &

" Hmpmy (1941) Breathnaeh . Goldby (1954) tound that the

; omtral nuclwa zu the porpoiae h perhaps larger than in
pmutas. Its neumnaa mmble those of the putamen and

1 lth@ ‘bnundary lmttom the two 18 ﬁifﬂ.cnlt to aerine; the
‘putaum however is richer in mlinateﬁ ri‘brea.

| In the coypu the antral nucleus is large and easily

B rmgniaed, spplied to the ventral aurt‘ace of the putanen in
the dzmeterutic nanner. ' It 1s one uf‘ the first weld
defined nuclei to arpear dorsal to the a*zterior amygdaloid area
and mterealated masses (Fige. 30 end 31). Caudally 1t becomes
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smaller and shifts medinlly as it ie squeexed by the enlarging
leteral nucleus ventro-lateral to it (Fig. 32). It
‘aisappears at sbout the level of the niddle of the leteral
| nneleuh; ,”It’isféouposad of medium and'émail gized cells like
: thoaa of the putanen from which it is aifrricult to diatinguish
£t rcutrally. The putamen however, is broken up by many
bundles of prodeetian f£ibres which give 1t the characteristic
appearance of the corpue stristum, Ventrally and medially
1t fuees gradually with the anterior anygdaloid area and the

bed nuclens nf tha stria terninalin,.

e 1s the mass of gray

natter vhiah extends from the antero-neﬂial fore<drain area to
the smygdsle, -in which thq strie is embedded, Johnston (1923)
- seens to have regarded it aé one nf the prznitive olfactory
centres. The thickening of the internal capsule in memmale
h&anbrdugbt ebout e reduction of the niddle part’df this gray
to'vary snhll"aiannsianh. : Aoeorﬂing to Johnnton the mediel
and eomtral amygdalnid nnciei developa from 1ts eaudal yart,
It has aino been descridbed 1a rost nthvr atu&ies of the ,
mannalian amygdala, Cee by'aurﬂjlan (1928}, Loo (1931), Young
(1936) and Humphray (1936). | |

| Invaect;ons of the coypu drain, the bed nucleus can dbe
seen only for a short distance wheru thni#entral'and nadiéii
nnclei oceupy the'dorﬁo-gedial boﬁder'ot the amyédaia (Pig. 33).
It appears as a dorsal continuation of the medial nucleus, end

in ao close n relqtion with inner surface uf the central nncleua
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that the arransenent at once recalls: 'ohnaton'a interpretation
nenttoned above,
| zag;;gggzg;_ngggggg is the lafgektvhnd longest of the
mgdaloiﬁ nuclei in the rat, rabbit. antl eat; and in most
 memmals it was found to ‘be well dweloped ‘and closely relsted -
| wlth the more ventrally nitnateﬁ basal nucleus. . It has been
dlvldeﬂ by Young (1936) for the rabbit into two parts. '
:nterior (dorsal) and poater:er (vnntral). | Bradal (19h7b)
| far the rat, snd Johnson (1957) for the guinea pig made a
1.:1&11&» subdivision. In the rnvblt, however. Young found thst
. $he anterior part auntaineﬁ large cella while the poeteriur
- part vaa anallucelzﬁd; nrndal and Johnaan fcund the reverse
" eondition. There is some doubt in the minds of Gurdjian (1928)
and Broﬁnl (19&75) oonearnlng the 11ait between the lsteral
and banal nuclei xn the rat. Gurdaian mentions that a
| ‘conspicucus transverse rlbra‘bundla infiltrates the ventral part
~ of the luteral nnaleua. Brodal on the other hand takcs these
-‘handlen ta uark the beunﬁany'betweun the lateral and baeal
- muclei, Consequently ourdjien’s lateral mcleus 1o much
Iangar than that dnscntbed by Brndal who derinea the ceudal
part of Gurﬂ:lan's nuﬁleus as his Iateral nnsno~ae11u1ar part
 ' gf‘thevbasallnnelena. Pox (1940} in h&a description of the
~ oat brain slso points cut that the lsteral nucleus has a
~ striaste appearance due to the fidbres running thrnugh'it to

ssgezble in the enterior commissure, In man snd in the shrew
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Crosby & Humphrey (1941, 1944) £ind that the lateral nucleus
merges cranislly and caudelly with the basal nucleus without
any distinet transition, ,

In the coypu the lateral nucleus firet arpears at the
level of the caudal part'or the snterior arygdalold area lying
‘between the extcrnal captule and claustrum laterally, and the
central_nnnleun and putamen dorso-medially. It is the largest
and best defined of all the amygdaloid nuclei, Oau@ally it
becomes much 1angér, spre#ding out dorsally ané medially and
soquiring a quadriletersl outline (Fige. 30 and 36). 4s a
reuult.'thé central and nediél'nuclex'are squeesed dorsklly
: and vnntrnlly thus lelving the str!a terninalis to forn 1ta
nedial bounﬂary.

. Two parts of the lataral nucleua can be recognised, a
,nagno-oellular ventral pmrt ana a parvo—cellular dorsal pert,

' 'rhc nagno-»canular part extends throughout the whole length of
nucleus nnﬂ_ia often called poaterior;_,it is intimately
_associated with the besal mucleus so that it 1s scmetimes
daifricult to de?lne the buundamy’h@tuaen them (fis. 33)s The
Aparvo-uelluxar part which is orten.aallaa unterior is much
smaller and. its rostro-caudal extent is ahorter then that of

. the nagnnucallnlar part which foras the whole ‘caudal extremtty )

of the lateral nncluua.» It $s worth notzng that the:
vconditinn in the coypu 8o fer ea the size of the eclla 1n.the o
two parts is concerned, i1s similar to that in the gulnea 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 megno-
| colinlar division is 1nr11trated‘ by trénaierse lyélinat'ed fibres‘
that give it a striatc appearance (Pige. 30 and 35). | They |
probably represent the fibres which join the 'longitudinal
association bundle’ of Fox (1914()). |

pug 1s divided into s lerger-eslled lateral

part, close to and sometimes fused with the latersl nucleus,
and v'n'ama'ne_r«-cgued part wiich is medinl in xioaition.

An ae»ees‘sm basal nucleus is duqribed in detail by Humphrey
' (1936) in the bat where u seens to be quite large and extensive,
océup%riag a position medisl to the basal hﬁeleﬁs rather than
lateral to it as in the opossum’ (Johmton, 1923), Appesring
“caudal tu the putamen, in s poeztitm neﬁal to the dasal
nnclena and dorsal to the cortical m:eleun, it oxtendu as far
g bncltnrda ‘ the caudal pole of the hemicphere. Large 'baéal
- and weeaeary busal nuclei have heen deacribeé toz- the

| | u«aqne (Lauer, 1945) end for man (Crosby & Humphrey, 19142.).

~ The accessory dassl nucleus is not well diffeuntiated in the . |

rat (Broaal, 19&7!:). and in tzm rabbit (‘!’mung, 1936). and i
mtirely lackmg in the cat (Fox, 1914,0). e _

© . In the coypu the basal nucleus 1s first seen at about. the
level of the ntddle of the amygdsla ventromedisl to the 1ateral
‘nucleus. It extenda to the caudal limit of the anygdslae
Throughent it is bounded medially by the imesaiél pucleus end
'_ienfrauy by the cortical nucleus (Fig'.vﬁﬁ)'. | L.aterally it
sbute on and partislly fuses with the cortico-amygdaloid
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transition srea. Thus the basal nucleus, through the
mtemedianon of the transition area, is in cenuxar
continuity with the plr.itorm cortex, '

The basal nucleus oan be divided into the two uub-
dlvisions deacr.ﬂaed by other euthora. A lateral magno-ccuular
part is in very clone relation with - the poaterior aagno-ceuular |
part of the lateral nucleus, and ean only[differmtiated from 1t
: fbecanae of its elightly larger and darker cells.,  The medial
_part which 1s formed by -ediun:uzed gelles that are 'idcly
dispci'led éamot sasily be li_lnued from the cortical and medial
nuclel ventrally, It is doubtful however, if cytoarchitect-

" urally there is any real justiffcation for including the

| pawa-culxular,mit of the baeal mucleus in the bako«-lateral
group. xt éppem very uiuzar‘and.-no:?a closely related to
the cortico-medial group (see Discussion). geuany it s
, very difﬂcult to- mentu‘y an acecuory basal nucleus but thére
) 13 & nuggeatian of one lying rontrally doual to the corticsal
 mmoleus (8 1n Fig. 30). |



Apart from its interest in relation to the problems of
synaptic transmission, methods for the histochemical
~ localisation of acetyloholinesterase (AChE) have proved a
useful technique for the differentisl staining and identificatiom

of parts of thé central nerioué, system, Koelle (1954) geve
 the first comprehensive description of the distridution of
‘the enzyme in the Drain of a mammal, the rat, Vith some
exceptions this work was confirmed by Shute & Lewis (1961).
sia.tzar obgervations were made by Ischii (1957) in e number of
" rodents, by Gerebtzoff (1959) snd by Foldes 3__& (1962) in
lan.  The method has alao been or value for the identification
- af gmya of ecns and rfbres which are aifﬁcult to atam '
atrferentuny b;r the clanienl tachnlqneu. : For example,
Shate & Lowis (1960) were able to :lﬂanttn the salivatory
nnclei in the bmin nem of the rat on mount of thetr high
'AchE aettvity and their ralatimship to the cnuunergtc fibres
of the nema 1ntmeﬁim. | | ‘

‘ ’rhe power nf this method haa been greatly :mcrenaed by
the ducovery that it ean be appned in experimental materxal
to dutaraine the polarity ot groupa or ﬁbm anﬁ therefore |
the direction in which they conﬂuat. In 1957 m@ & ﬁughes -
put forward the hypothesis that ACHE 18 ayntneauea. in the
perikaryon end transported down the azon to be rolened at its
tgm:néla.' Later they showed that after diihion of an axon |
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an aucnnulatiéﬁ of ansyie could be demonstrated proximal to
ihe lesion (HBughes & Lewis, ¥aturs, 1961), A fuller account
of the use of thie finding for dstermining some of the |
connéiions of the anygdala and hippocampus was given by Chute &
Lewig (1961) who emphasise not only the proximel accunulaticn
bnt also the diaappearance of AChE distal to a lesion, Iin
1963 the same a:thars publxuhad a description of the ACh:
containing systems of the rat's brain in ®iich observaticns
~made in nornal end éxperimental material were conbined.
In this way they were adble to arrive et a conprehensive
deacription of the roredbrain conpanent of the reticular
formation in this animal.

Before deacrfbing the diatribution or AChE in the
1ndlvidua1 parts of the. cnypu ‘brain some general features of
the reaults should’be pointed out,

‘ _ The charaateriaticu of the staining vary in ditferent
parta of the foradhraxn. In sone, such as the caudate-
:'yntamen, the stainins is 8o danaa that 1t is difficult to

L dutermine 1ts axset localiaatzon, that s, whether the staining

' xa prinaril: in tha periknryun or in the aurrounding neurOpil.
In othar aituatiana, e-g. the medlal aeptal nucleus,
localzoation to the perikaryon ‘and ite proeeuaes is yreciee,
’ao that the neuranas stand out clearly from the!r aurraunﬂinga.
 The 1neubation time hee 8 conaiderable effect on the |
resulta. It has been found (Shute s Lewic, 1960, 1961) that
a short incubation ensures high,aelectivity for sites of high
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en:m‘concéntrati_on. They give periods of 14 to 4 hours
" as optimal for sections detwcen 100 ; and 25 : in thickness,
the thicker sections requiring the shorter time, This was for
the rat, For sections o_f»-the coypu braih ranging from 60 - to
100 ;. somewhat longer periods api)eared to grre dptinal
rnulta.v.nanely Ah. to 7 hours iacuﬁatttm. Periods of 17 hours
were slso tried snd this led to n iary dark staining often
_‘z-ather diffuse. Fevertheless the main features of the
aiﬁtribntion of the enzyms ares ometimes shown very clearly and
~ some of these leong-incubation specimens have been used for
R ﬂlnstration.. It is obvious however, that in such specimens
_ the negative observations #111 be more relisble than the
pouuva‘ ' | | |

‘Results are also eoapllcated by the ax:latenca of tme or
specific acetylcholinesterase (&chE) and pmﬂo— or non-
specific cholinesterase (mm). Koelle's 'thiocholixia' technique
;uhich has baen uwﬂ 1in the work to e raported herc, reacts
.tith 'hnth. dut ‘the acuvity 0f the ChE am be prerented by the
use of mhibzton (eegs hopmp;zim:. Bayuss & Todrick, 1956,
._ quoted by Shute & Lewla, 963) wmc"h" have not been used,
waser, m is muany thcmght to be located mamly in the
 blood vessels and glia 8o that it could be uauned that 1tn '
_ presence will not sffect the picture obtained of the
 alstribution of AChE in the structures studied in this theels
to an hportnnt degree.- It mt be pointed out however, that
Shute A Levis (1953) have shown that both AChE and ChE |
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containing neurones do exiat in the rat’s dbrain, The
situstion may well be similar in the coypu but in the rat the
 Che containing neurones vara‘rqund principally in the thalamus
and outside the rield of this investigation, Tha only neurones
of this kind relevant to the present work are the cells of the
interstitisl nucleus of the hinpocampal commissure in the septum
and ot the ialets of Calleja in the olfactory tudercle, both of
which contain ChE in the rat (Shute & Lewis, 1963),
with theae reaervatians in aind the results can now be

deseribed. 1t must alsc be realised however that they are
based on the study of only two braine., One of these is
coapietely norral end all the sections were incubated for 4 hours
in the other the left olfsctory peduncle had been completely
jdividea e little rostral to the olfectory tubercle 5 days before
" the aninal wts killed, ' There is considerable damage to ;he
_overlying frontal lobe. The right hemisphere of this speéimen
is not directly affected by the lesion. Sections fron this
ezperiuental aninal were incubated for varying times, hu 7 or

17 hours.

In the normal bratn with 4 hours incubation all the
sectione rram'theée regions were conpietély negativ§§
Positive raaults were dbtained from the experimental brain with
1ncﬁbation times of 7 and 16 hours. It is not poasible to say
how far theee positive findings are the result of the operation
or of the longer incubetion times. It 1s probable that the
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latter are more importent and the reascn 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; Ischil, 1957). |
- In the expcrimental 'brain on both rlzht and left pides

there is fairly deep staining in the glomerulapyr lvayer and
in the perikﬁrya. of the mitral cells. The nupetﬂcial layer
of olractorj nerve fidres is completely negative as were the
cells of the _mner granular layer. ﬁode_réte"staining is present
in the outer snd inner plexiform layers end in the tufted or
dieplaced mitral cells, The fibres n?-m the olfactory.
comaissural coapmenf in the cdntml‘psrt of the buld are
’negatin.‘ The distridution of etain in the accessory bulb e
‘eimilar although the layers are less distinct. |

In the peduncle there is a little staining in the neuropil
of the anterior olfactory nucleus anﬁ i.n some of the fidbres of
‘bha clfactory traets on tlm mxmae. Althoush in & majority
of the ncumn the ataining u ulighuy heavxer on the normel
(right) gide then on the left, the difference is not emiatent

in all aeatima and canmt be cmcidered signit‘lcant.

Tha mma.tning part of this dmript;lcm 13 'basaﬁ entirely
-on the uactima from the noml brain tneubated for 4 huura. .

The frontal part of the pirifornm cortex is entirely

negative but some 'rery faint stain:lng can be eeen in the second
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or pyréniﬁal,layer in the temporal region. fhe plcture
changes abruptly in the entorhinal area where the asecond layer,
formed by cloaely packed polyganal cells, ahows qnzte distinct
‘but diffuse staining (Fig. us). In the thira layer (the layer
ofguﬁerfielal~prrahlds) &n oeeasional cell -tuino well; the
fourth laye,rlu_h‘ots VQuite dcﬂn:ltc.bxzt somewhat diffuse steining,
It 1s clear that the entorhinal cortex differs from the pirifora
not qnly in 1f§ citoarchiteeture but slso in 1ts,Aan activity,
Qifactory tubercle

| The oltketery tudbsrcle shows staining which 1s conparable
. 1n intensity. to that of the caudate putsmen (Figs. 39 and 40).
e is diffuse end in the neuropil rather then in the periksrya,
The stainlng 1: particularly intanse 1n the islets of calle:a,
- which nn thia account stend out very czearly. These are
atrneturas vhich may ecntain,chs 1nstead or or as well as
AnhE (Shute & Levia, 1963)..;:

‘ L Tha larga colln of the ledial aental nnclens stain deeply
"and the ltain is qnite ulenrl: located in the periksryon and
its prncesaes. The nncleus of the ﬂlagonal vand conaista of
*sinilar ealla vhieh statn 1n the name way (Pig. 40), The
*tibrea of tha diasonal band . alao stain amﬂ 1n some céaes it
-ueemn poaaible to trnce thom ta the cells of the uedlal septal

nnelens. , o , _ : _ ,
The lateral septal nucleus shows little or no steining and
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the same applies to the fi‘brea of the pmomissural romlx
system. A 1little very faint stainmg can be seen in the
region of the hippocampel commigsure which may represent &
positive reaction in its ﬁad nucleus, This ic docubtful
however and enough ueetionc are not available to study thie
rag!.on more fully. |
The nucleus accunbena stains mtanatly 1ike the other

‘parts of the corpus striatum (rig. 39).  The stain appears to
‘e mainly in the neuropil and not in the perikarya of the cells, |

| w- The anterior amygdalold area shows
| selects.ve poutiu stazning wh:ch ie meinly Mtraccnular end
‘.  similar to that in the nucleus of the ‘aiagonal band, which uee

: uedial to ﬁ. ~ The nucleua of the lateral oltactory tmct
gives an intme reaetaon and appeara as one or ‘two mu
rounded masses, deeply stained, at the cauda-later_al bo_rder of
the olfactory tubercle (Fig, 42), The stalning s very
“similsr to that of the islets df'caxie:a.v The imtercslated
unen enuld not e dintinguiched and gresummvly have not
,ata:nea. | | ‘

SR MW* The ccrttoal nucleus ahmm aught
‘ ntaining in the auperfioial part or the noleeular layer 'bnt p Y
 otherwise negative, The principal :mclei in this group ~ S
medial end central - both show uodente diffuse ata_lnin‘g.v | |
The bed nuciteus of the stria terginalis afains' heaviiy and '
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many of the £ibdbres of the stria itself show Quite definite
activity, A coaniasural, hypothalamié_and lateral pre-optic
component, could all be recozn:sid on account of their positive
staining, (The lateral pre-cptic component was called the
"lateral strial bundle” by Shute é’QLewis. 1963, and they think
.‘that it projects in the opposite direction to that nomally
,de:crlbed. ..y from the lateral pre-optic area to the amygdala.)
In this series the stria terainalis does not sppear to have
stained }throughoﬁt_lta course because in the most caudal
sections at ;th,a' level of the lateral and ‘-baaa'l amygdaloid nuclei
1t could not definitely be identified.

w 'l‘he basal micleus nhon narked

: ‘ataining probably in the perlkarya as well as in the

: Q,urrounding neuropn. , 'ﬂ;o ataining e partieularly intense ‘
in its ventro-lateral part where it is difficult to distinguish
from the corticoeanygdaloid transition ares. The latter |
| ~ however, does not appear to htain.~ ‘i‘ha lataral nueleus atains
m&erataly tn its ventral part ‘bnt rather leaf* ﬂeeply doraally.‘_
' It shows ua typical quadrilaeteral slmpe and is cleurly
“outnned by the extemal capsule laterally (which does not
.' stain) md by the basal meleua ventmny which stains ‘much
 more deeply then the lateml. - ) |
| The lateral olt‘actory tmct s the medisal fore«bmin bmﬂle
and an the components of the anterior commissare show a quite
diffuse yellowish colouration which does not appear to indicate
any signifieant resction with the ensyme, It may be added
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thet the hixipoc‘ampal fornation (dentate gyrhn and cornu annonis)
athins quite deépiy and that the ’eiainingextenda into the
subiculum. The alyeus ean’tainé some etcined fi'bres bui_; both

fimbria and fornix are'negathe.

It 18 appropriste to describe briefly at this point
resulte o‘btaine.d in the single experimental specimen, As
glready stated the left olfactory peduncle had dbeen completely

 dividec eiose to its junction with the cerebral hemisphere
(Fig. 1&7) five days before the anirnl vas xilled. The results
m the right olfsctory duld and pedunclea were taken probably |
to repreaen_t & norral c.ondit:len and have been described on
‘ pagek oly and 95. : : D’/_,ﬁw
~ In the hemispheree caudal to the lesian the only '( '
differancea rrom the ataining in the nomal brain were seen in
the olfactury tubercle and the nuelam of the lateral olfsctory
| tract. @On 3‘%““ of th‘g ﬁa%m&z&m 1&;:1&?}:;&;:% |
o tubercla (ris. 48 - i e et

356{ reducad or abaent es ctmpamd with the oD nsiip ainem o

W 'rhera was no change in the .

t;taining reaction of other parts or the basal rhinencephalon

on either side of this _brain.
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“hile no conclugiéna éan be based on an exenination of a
single épeéinen, eupeclally.aa‘only one hormal apeeimen'waa
‘available for comparison, it seemga worthwhile to record these
~ observatione whichwill later be discuseed shortly in relation
to the more exténéivé,dbbérvations made by the-élaaaical.

neurohistological methods.



For on acoount of the literature relevant to the fibre |
tracts and their connexions, it is necessary to take note not
only of the observations made ;n norzal material but also )
obagervations made on the basis of e;:porimontal degenerntion,
| Tt 18 only by the use of the latter that the precise origin,
‘temination ana polarity of fibres can usunny be daterminad,'
It is true that the Golgi technique. by staining the whole .
neurone and its procoaaoa will give some infors-tion “ of this

kind in noramal materiol. but 1t rerely alloss sn axon to be

traced beyond the umlta uf a aingle sootion and is lainly ’
‘useful when ahort-axon nouronu (Golgi'a 'fype 2) are ‘boing
atudied. |

z dpteral glfacte It 1e generany agreed that
© the fibres of this tract artse from the mitrel cells of the
alfactaxw 'bnlb (Iae Do 30 m.) and thia has been confirmed
_' .‘vaxperinentany ’by the o'baeﬂauon of rotrograde degeneration
'v'iafter lesiona of the traot (Alnaon, 19§3a). . The ﬁbrea in
‘the tract are tnougm. to be aupplamantod 'by the axons of
"‘noumnon in the anterim' alfactory nueleua (Lao, 1931 and othern).

It :la also paselble t*mt the axona of tufte& calls paas into it

N but this .tts d;laputod and wiu be diacus e& fully 4n eonmxion

with the olfactory couissnral conponent. It is oaid hmvever _
that oth mitrsl &nd tufted eells can e driven nntidmically
after stinulatim of the lateral olfactory tract (Green, Iéanci.a
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and Daumgarten, 1962; Shephard, 196}). Some authors deééribé
inhibition of the mitrsl cells and i1t 4s not certain that the
fidres concerned arévpéntripetal (rhillips, Powell & Shechard,
1963; Yemamoto, Yanamoto & I'nna.-1963). Followed csaudally
the secondany\oltﬁctory fidbres form a large lateral olfsctory
‘tract, snd the most mediel end superficlally in the antero-
leteral part of the tubercle, although this connexicn was not
found by Cajel (1911), Throughout the length of the tract
vuany rfidres diverge iaterally into the molecular leyer of the
piriforn cortex and some can be followed $o but not beyond
the rhinel fissurc. In Golgi-stained materiel, Cajel
'demonstrated that‘they establish\an’axo~dendfitic contact with
- the pyrsmidal cells in the plexiforn layer of the pirirorm _
cortex. This finﬁing was confirmed experimentell:., also in
Golgl material, by Jones & Thomas (1962). Some ridres also
~ discharge into the nucleus of the lateral olfactory tract and
‘to the‘corﬁical amygdalold nnﬁleua or periasmygdaloid cortex,
Even in normsl moterial, as deaertbed by Humphrey (1936) and
Cnaal (1911), the entorhinal area appeurs to receive no f£idres
directly from the lateral nlfactony traet end this has been
confirned ezperimentally. o |
- vith the exception of a poseible contmmtzon from the |
, tufted cells the sbove results have baan dbtained.by nany
imfastigatara, neing different Matolugmal and experinental
technigues; thcy can be said to be firmly esteblished and

almost certainly to represent common features of the olfactory
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systen in all mammels. Another‘finding; élthough-leas.often

reported, is almost equally reliable and.cquallé probadle a

_eounon mapmalisn feature. This 1s the connexions fron the

buld to the anterior olfactory nncleus. it 4s indeed probable

that all perte of this nucleus receive terminations or |

collateral branches of secondsry fibres from the buld and that

the 69ntécts aré'again‘pradogihantly”axa—dﬁndritic. ‘?hzs

vduld bé\conéiaient with the éhnﬁacter of this nncleua.as an

extenlinn into the peduncle of the. oltactony cortex of the base

“of the brain, | .
Tha reyorts of a number of othur features of the secondary

_olfactory cqnnex;ons in manmsls are less uniform and often in

~ direct conflict with each other. These conflicting reports

 concern chiefly the‘poasibiilty of connexions with the medial

and central amygdsloid nuclei and the bed nucleus of the stria

. terminalia. Beeauue of the var&e& potentiality of the

7'hzstolqg:¢al mathodn used in the discussion which follows
 ~(ﬁarch1. Gleen and rautae), the reaulta obtained are gronped
‘[acearﬂing to the techniqae.v '

~ The firnt to be conaiderea ere thesa studies in which the
,vclassxeal Barchi methud hes been usea (c.ge by caaal, 1911).
After ablatian of the clfactory buld no iibrea showing &archi
\degeneration have ever been tracea to the deerer anygdaloid
’_:nuclei and the bed nucleue of the atrla terminalis ﬂithvr hy
way of the lateral olfactory tract or any other pathway, This
- 18 of course not conclusive, The fibres in queation might have
lost their myelin sheaths some distence from their endinge, or
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havé become too finec and scattered for demonstration by-this_
sethod. : | o
The Glees method, by staining degenerating terninsl and
greterminel fidbres would‘be e1pected'to prdvidp‘precise
,qvicanca for the sites of ternination of secondary olfactory
fibres. The first study, using this method (Clarke & eyer,
1947, in the rnbbit) reportt very definite terninal deggneratlon
| in the cortieo-nedtal and central smygdalold nuclei end 1n the
bed nucleus of the strin terminalis; this was confirmed by
Yeyer & Allimon (19&9) with the eane method in'the'nacaqué
and the daboon. Tho doganeratinn is found after unilateral
 1¢31ona or ablntion of the olfactory bulb and 13 seen
bilaterally in the central emygdaloid nuclel end the bed nucleue
hr thcfsﬁria terminalis. N The: ribrna do not appear to hsve
 -bacn traceé in lerial seetionu thronzhuut their 1ength ao that
 ‘thev need not lie in the lateral clraetory tract snd it ia |
 ' preauned that the ﬂegenarating termlnals on the slde opposlte L
the leaiﬂn !nat belung to ribraa which have erossed in the |
.'_antériér conmissure, A&ey'(19§3)"1n‘thé ﬁﬁalanger ﬁaﬁa |
simllar dbaervationa ‘dut commentod that tha ﬁegeneration aaen

_ deep in the amygdaloid region was very sumall in amaunt.

 f31ncu sinilar conditions have been found in auch wiaeiy |

f'difrerent aammals 1ncluding primates and & maraupinl. it in

" natural to conclude that they reprasent a eond:tian eunmon to e

all mammals, . | ‘ »
The presence, however, of such degenerdting.fibree in the

central nucleus, and the bed nucleus of the strias, hes not



- 109 -

been confirmed by nearly all authora using another silver
impregnation method (the Xaute method)s The Keuta studies
ivex-e earried out mainly in the radbit, 'rat, guinea pilg snd cat,
end the possibility of a species difference eannot be rulcd out
absolutely, but for the resson given above, can be considered
unlikely and will not be discussed further,

Johneon (1959, in the guinea pig) is the only author
to use this method who claims to have confirmed the findings
obtained by Clark & Heyer with the Clees technique
unequivooallye. He reports, however, only one specimen
{(case III=3) in which the lesion %8s confined to the bulb,
In this specimen degeneration appms to be limited to the '
lnteral olfactory tract, Ile stntes that at caudsl levels
the most medial fibres of the trect end in the cortico-medial
smygdalold nuclei smd 1t is not clear if the degénemtad
£ibres were traced beyond the molecular layer of the corticsl
nucleus, In a second experiment with a lesion 4n the pedunecle
involving the lateral olfactory trect and slso the snterior
olfactory nucleus snd alrnatg’my' comaissural ex?mptmént , he
finds that the distribution of degenorated fibres caudsl to
the lesion is essentially similar, However, Johnson does not
desoribe hie material in detail, Lanmers (1959), using
the Kaute wom:;ua, 18 quoted ﬁy Lohman (1963) aé aleo
confirming (in the .i:at) clark & Meyer's findings. Laumors
however,ﬁ scemp to have reviéed hia opinion csnceimng the
projection system of the olfactory bulb beenuse in a leter paper
with Lohman (Lohmen & Lammers, 1963) it 1s stated "In the course
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of our prelisinery investigetions into the olfactory connexions
(Lohman 2 Lammers, 1961) we got the impression that the
projection systen of the olrnctbry bulb as descrided by Le 4roe
- Clark M. is not fully aceeptedble”, Lohman & . Lammers (1963)
aleo state that in af).avg'e nugber of cxperiments on cats,
redbits, ’monkeyai end particulorly on the guinea pig, their
£indings are in eccordance with those published in & poper by
ZLohman alene in 1963 ana éaauﬁg with the guinees pige In this
work Lohman found that aftcr lesions Mtea to the buld no
' d_egeﬁ.eration could be found in the olfsctory commispural
~ component, the medisl emygdalold nucleus, the central asygdaloid
 nucled nor in the bed nuclei of tho stria terminalis,
Degeneration is 1imited to the lateral olfectory tract, which
distributes fibres only to the olfsctory tubercle, the piriform
 cortex and the antero-latersl part of the cortical smygdeloid
~nucleuss Other investigators who faned:'to £ina a projection
o the dmpet ruclel of the amdaln and using the Nauta o
techrx:qna are Cragg, 1961 (m’bmt. rat and eat), saundem
- Wioudstrs (1961) in rat, vhite (1962) in the rat end Powell
“gt.sd» (1963) in the rat. | S
| meotmpmzalogual staﬁ&es gle0 give Cairly
'cmpambw rasults cuneemlng the projection of olractory
| ﬁbzfea to ~,‘f:he vamygdaia. I-'anomng single ghoek at.tsulatiﬁn
of m olfactory bulb in the cat Fox, roXinley & tagoun
(1944) recorded potentiale from the nucleus of the
lateral olfactory tract, from the surface of the tuberole,
and from that part of the piriform cortex tiat a’urx'dunds the
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cortical anygdsloid nucleus. They were unhhle, however to
racorﬁ potentinls from the anygdaloid nuclei, neptul, diagonal
band snd hi-pocampus. Rose & wooleey (1943) reported
response from the peri-alygdaioid region but not from the deeper
parts of the auygaala.

Centrifugal fibres. Until recently the existence of

centrifugal fibres in the lateral olfactory tract was doubtful.
Cajel (1911) first deecribed the presence of such fibres which
regéh the'olfaétory bulb from the basal part of the brain,
Allison (1953a) reportec‘thaf-two months after iransection of
the 1ate§a1 olfactory tract in both rabbit and newborn rat
i‘the gxéna,én the huibar side of the 1eﬁ10n;exhibiteﬂ’iery little
”difrérenéﬁ‘from those on the opposite normal side of the broin.
He concludes therefore that‘if”lateral olfactory trsct contains
any bu1b0~petal ribrea. they'nuat be very few. Fecently -
‘hawever, craag (1952) demonstrated masaive centrifugal
’ degeneratian 1eaﬁing to the granule cells and to the perimeter
| of the glonernlt in Nauta preparationa of the buldb after
leaions in tha anterier cltﬁctary arees, | He thinks that the
coarser degenerating eantritusal f!breu run in the lateral
| olfactcny tract. Finer fibres, vhieh reaeh no. rurther than

the inpgr grenular layer run in the olfnctory-cqmuiesural
'couéonent;‘ 'Pouelz'&lcéian‘(1953) Uithilesicns which ere
" 1irdted to the laterél‘olfaetory iract confirmed Cragg's
frinding;- From their materisl these authors were also able

to exclude the amygdala and :ajacent part of the piriform cortex,
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together vﬂ;h thé'hypothélamns s a8 possible sites for the origin
of these fibres. Howmever, they point out that all experiments
_ in wuich the clfsctory tubercle iz damsged result in
degeneration of the coarse centrifugal fibres running in the
lateral olfactory tract, | '

Electrophniological. atndiea alno auggeat. the existence
of centrifugal fibres in the lateral olfactory tract to the bulb.
Kerr & Hngbarth (1955) showed that excitation of the brain
caudal to the buld exerted a proround depreasive influence on
its electrical setivity., oOthor workers such as Green, ;fzan_cia &
Baungarten (1962), Phillipe ot al. (1963), chepherd (1963) ana
Yenamoto gt al. (;965) have obtained excitatiﬁn'in»mttrgl and
some tufted cells from stimulation of the lstersl olfsctory
_teact. 7his hae generally been thought to be due to antidromic
| conduction but it is difficult in wrk of this kind aluayn to
éiatinguish orthodromic fros ant!.dromic affecta.

The intermediate

}olraotcr‘y traet is a variable 1tentm of the mammalian bram
= (iee Pe22) and appears to emut of ‘fﬂ'arec which enter the
auperﬂeial anpect of‘ the oz.factoxw tn‘bercle. Such fibres
have bean aeen by mny authors and nre atten ﬁeacﬂbed as
~coming rrom the medial side of the lateral olractory tract
‘ (e.g. by Flliot-Smith, 1909, :ln Orycteropw and All:laon. 1954,
‘kin aian). cajal. in ¥Yarchi preparationa failed to confirnm
their presence, but almost all the nore recent experimenial
etudies have demonstrated fibres of this kind limited to the
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anterior and Iataﬁl aread of the tuberele (eege Clark & Heyer,
1947, and Lohman, 1963), Since they appear to come from the
lateral olfactory tract there scens no need to give them a
saparafe name, cspecinlly =8 the tera "intermediate tract” has
also been applied to 8 quite different fibre dundle (sece p. 22).

Host authors dealing 'iﬁh nornsl material describe &
medial olfactory tract rumning to tha snterior hippocampal
 nucleus and septum but there is much disagreement over its
' origin and distridbution, Humphrey (1936) for example. states
that 4n the dat most of its fibru prodadly nriae fron the ,
‘anterior olfactory nacleus rather ttgar_: from the dulb, Young
: ('1936)' tr’a&a theoe fib&a m the mﬁbit caudally along the
meﬁzal and ventmeﬂnl aspect of the pednnole end into the
.medial septal area. k He aeuerfbu the contr&bution of this
tract to the precommuzuml hippaelmpue. the ledial sertal
nucleus and the neﬁigl aspect of the olfactory tubercle.
Brodal (19478) states thet if tho medial olfsctory tract is.
preunt in mammals &t au, its slgniﬁcance is negugfble. |
Allieon (19531:) suggelted that 1t is not an efferent pathway
from tlm olractory duldb in l!amala, but en afferent tract from
the s eptun, *

, fhat ﬁbma are praaart in th).a situstion h undoubted
‘bnt the expermental wiae‘nce Tor their arigin m the ‘bul‘b 1s _ )
'unitcmly nea,ative‘ ~ Clark & leyer L4 192;7),, tﬂm_ their Gleep
preparatiom; emphaéiséa that in nohe of their ex;ﬁe_rimenta were

 degenerating fibres or terminals seen in eeptum, anterior
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hippocampal nucleus or in sny part of the hippocampa_l foraation
and later ﬁox'ic with the Nauta technioue has confirmed thla,
There is no doubt therefore that the mecisl olfactory tréct
does not consist of secondsry olfactory fibres and is not
coaparé’ble to the lateral olfactory tract. It may well consist
‘of fidres from or to the anterior olfactory nucleus or dbetween
the tubersulum and the septum, but not of projection fibres
fron the bulb, | A temlnology which suggests they are the

latter is unsatisfactory,.

Anterior comglagsuke

The anterior commispure of memmals is generally deccribed
ae consisting of two nia'bs, anterior or interbulbar and
posterior op intertemporsl {e.g. Loo, 1931, in opossum), 1In
Kappers gm. {1936) the posterior 1limd :I.;s dlvided into
:Lnten-twpomi and' stria téminaua couponents, and many nore
components are defined in the older literature (for exomple 5
by Loo, 1931, and 8 in the bat by Humphrey, 1936)s This thests
is mainly concerned with the anterior 1imb so that n detailed
diommmn of all theka’ components will be =‘ummce:aazai':,n.

The gntorior ltah or the olfectory commissural compmént
of thie thesis, 18 o bundle of well myelinated fibres

~ (Fig, 50) which can be traced from the core of the bulb

| throughout the peduncle to oross in the antero~-inferior part
of the commissures There has been much disagreement

over the precise origin snd termination of these fibres.
Van Gahuchten & Martin (1891), following Golgi (1875)
(quoted from Allison, 1953b), believed that the axons of the tufted

.
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cells like those of the mitrsl cells pass into the latersl
-olréctony tract. From Golgi studies Cajal (1911) thought they
- probably arose from tufted cells in one buld and terminated on
the granule cells in the opposite bulb. Humphrey (1936)
thinke that71t<conta1na also f£ibres from the anterior olfactory
nucleus which probnhly pass to the correaponding contralateral
regions, Earller, Herrick (1924) had made a similar suggcstian
for the opossum and this 13 in seeord with Young 8 (1936)
»deseription for the rdbbit.

All these authors were working on normel nmaterial,
The first experimental workers to investigete this problen used
the‘ﬁnrehi'msthad and dlccrepanélén goon appeared.
Loewenthal (1897) reported that after bulbar lesions ¥archi
deganerat!an was ggﬁi&ﬁsﬁlto the Iateral olfactary tract and
that the olfactory/component was not affected unless the lesion
extended into the peduncle, where preeuuubly it caused danmsge |
~ to the anteriar»oltaetory’nucleua. " %hen this occurred
dogeneration could be traced to the opposite bulb anﬁ peduncle,
Van.aanuehtan (zaeu). snd leter Ybnng (1941, 1942), slec using
the Xarchi tacnaiqua, obtained reaulta aimilar to those of
Loewunthal. Thaae findings were reeantly aanfirmed by Lohman
(1963), Lohman & Lesmers (1963), ent vhite (1962, 1964) all
uaing the Nauta tachnique. Other authorn. huwever. rapcrt V
that ablation of the bulb. alone 13 enough to cause
degeneration not oniy in the lateral olf:nctory tract dut also
in the olfactory commiesural component. These are Srobst

(1901) end Cajal (1901, 1911) in Larchi prepar:tions, ond
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Clerk & Heyer (1947) and Adey’(1953) ih;Gleea<preparatio§s.
Clark & Yeyer, hofever. pointed out that only very fe'V ,
degencrating fidbres vere scen in the commissure “anﬁ';t'waa\
‘hardly'poaaihla to say with certainty how far the antorior |
oltacfory nucleus msy have been 1ndiroct1y afrected in these .
‘expcriments by treuma®. Cregg (1961) and rowell gt gl (1963)
rcport that after bulbar lesions, fine degenerated tibres
~ cen be traced, in Nauts preparations, through the olfnctory
ccanianural component to ipallateral terainations smong
| aaeper,calla-or the pirifora cortex end tubercle. | Crogg also
'poihta out that p&a lesions are gt‘the pbsterior end of the
olfhctory bnlb'and that it is very probabvle that the_anterior
;part of the antarior olractory nucleue wag also destroyed,

i It does appear thercroro. that all of theae workers could have

 included some part of the anterior olfactory nucleus in ther

fhnlbar loaiona. @hia point was claarxy explained by Fox &

Schm&tz (1943) who eaid that the obligue attaehnent of the duld

 to the orus with the reuultapt extensian of the anterior

a 7olractory nucleus in the hnlbar rngian makes it dirfieult to

' ,deatroy any nizuable portien of tha buld uithaut 1nralv1ng
'aaue nf the anterior olrhctory nuelauu. Aceorﬂingly it woula

- be paaalble to conclude that the fibres of the olfactory

*‘commiaaural component originate elmont antirely from retro—
~hu1bar utructnrea. It is worth noting that aaungarten,gg_g;

(1962) found that antidromic impulses evoked by stimulation of
anterior commissure fail to invede the somsta of tufted cells,
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| | )ua concerning the vtermlnations of these fibres there seems
' %o be gemeral sgreeaent. Fox & Sehmitz (1943) and rox,
Fisher & Desalve (1948) studied the ¢ onnexions of the arterior
comnissure in Herchi preparations of the cat and monkey after
: leaions 1n the nid-nne or slightly latersl, They eonfirned
that cmzasural ﬂbren do run to the 'bul'b. anterior olfactory
nucleus, pzrifo»mi cortex, snd to the olfzctory tubercle,
Prodal (1948) snd Allison (1953a) by using the modified Gudden
method demonstrated retrograde cell changec in the pare
‘doi'éulin of the anterior olfactory nucleus after transection
of the éémiasural fidres., Allison alaé 'danonstréted.
: m Gleon prenarations, terminal dagenevauon in the contra- |
, latez-al anterior olractory mmlena. but he emphasised that
he nlvm found more degeneration 1n the ipsilateral duld then
| in the contra-lateral, He thus cancludes that the bulbo-petal
- Tibres uriae rrou the 1pcuataml 'baaal areas of the hemisphere,
a8 vmu a8 frm the mntmazataral mn. ﬂimnar findings mand
‘ cmelunom were rep@rted renently by i‘.':ragg (1962) in %uta
“‘praparaticm. \ s _
| ~ One would coneclude from these stmuen thet the olfactory
‘ cminanral conponent ariges at least mmly in the anterior -
| 'oiractorw nucleus, crosses in the antcrmr eommiasure ana '
- }that aone of its tibren and in tha appoaite buld anﬁ anterior
ultanwry nucleaus. ame mey slso end in the olf‘sctory tu‘berele
| and piriforn cortex. both in the ipsi- anrl contra—lateral sides
(see Pig, 109), Aecordmg to rowell et al. ( 1965) the t‘ibrea
with the 1ps11ateral endingc nay cone rrcm the buld,
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__g;ggg&g;;gg or 1ntertempora1 1imd of the anterior
‘comnissure crosses in the mid-line in. its poutero-nuperior
segment (Fig. 52). ' In macrosmstic mammsle, €.g. cat (Fox,

- 1340) this component is much smallgr‘dndlless heavily
myelinated then the anterior or élraétory'ecdnisaural component,
In the microsmatic monkey (Pox gt _gle, 1948) however, the
opposite 18 trne.' ‘Inveatlgatara working cn'nbrmal material

_ (é.g._Ybuns. 19363 Humphrey, 1936) generally believe that the
fibres of thie component interconmect the piriforn cortex end
some of the amygd#loid nncici orlthe'tvo giﬁea; The corpus
Qallosun hag ho pegaratc existence in the opossum, nnd LOO
(1931) thinks thatyall’nbcballial cosmissural fibres alsbfcroas B
in this 1isb. It 1s generally sccepted, nowever, that a
neopallial conpenant beconcs progresatvely szallepr during the

‘ ‘phy1osenet1a ascent of warzala, Pox gt ale (19&3. 1948) were
doubtful in ﬂarchi preparations, of any connexions with the

anygdala after trmnnectsng tha cannzasurc in the mid-line,
vﬁrtar a aanilar lesion Yrodal (19&8} could\not _confir: the

- comnonly aeaeribod connexion (e'g. by Punphrey, 1936) from the
baao—lateral uaygdalaia nnelei. but round ratrograde changes in
the nerve cells of the anterinr'grcup of anygdaloia nuelei

 and the earticai anygﬁaloiﬁ nucleus. -,j. :

o Eariier‘woékers.(e.g. Young, 1936) regard this as an
1ntérconn¢ction between the medial end ventral areas qr'

hemisphere including the olfactory tubercle, on the one hend,
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and hypothalamic and possibly the tegmentai regionfof the
nid-dbrain on the other, Young regords a tuberculo=
hypothalémic tract as one of ita ma jor conbtitucnta. the
septohypothalemic its lsrgest componcnt, and that both may
carry aécanﬁing as well as descending fibreé. Loo (1931)
describes a similar condition in thg.opoasum,'but thinks that
the most roetral part of the bundle arises in the olfactory
- buld aﬁd,anterior olfactory nucleus, Hore recently .
. Valverde (1963a), who studied this hundle in Golgi prepsrations
of the nod—é. ccnéiaefa that it compriges ttbren origlnating
fin the septal nuclei, the piriform area ana from sone glant
_pyrenidal cells of the frontal cortex.

~ Wo evldance can‘be ‘found in the experimen&al llteratnre
for‘tha;allegea centrtbution of aecondary olfactory rfbres

to theineaiél'foradbrmin bnnﬁie. Neither korin (1950) in
.1gu1nea rig, saunﬂera-W0néatra (1961) in the rat, nor Lohman
©(1963) 1n the guinea pig could find degenerauon after bulber
r.leszons.’ Lohnan howwver agraes with Young that the pars
-  aedialia of the anterior olfaotory nuelens pro:eota by way of
the medisl fore-bram bundle to the 191:@:31 hypothalanic
araa. Horin rinﬂa no contributio: fro: the bulb or yedunele,
“dut ﬂencrtbea some from the olractarg tubarcle.

Frol the foresoing descriptzan ana can conclude that if |

‘the medial forebrain syatenm is influenced by olfectory impulses,
‘thie influence must de of an indirect nature. It is worth
noting the sinmilsrities between thie fidre aysteh, the stris
terminalie and fornix fibre systems. All appear to be
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mferconneéting the secondery olfaciory ercee (enteriar
olfat:tofy hucleus, pir:lform' corﬁex, olfactory tubercle) and
iheir clogely related structures (septum, amygdala, hippocanpus)
"lth the hypothalamua, |

ggg;;;_ggnng;;gag (1ne1ud1ng the diagonal band),

L’any ﬂbre syastems are eonneeted with or pass throngh the
aeptal region; the most obvious of these ere the .
_m'ecomianural fornix fidres whleh run chiefly in the lateral .
'nnelaus. The disgonal band of Broca connects with the enygdals,
and there are nany ﬂ‘bnn between the aeptnl and olractory
tn'bercle. Some tibren of the medial fore~brain bundle run to
op arise'in the uptna (sce atove), A8 nentioned earlicr,
there 12 much expers.nental ‘avidence that no secon&ary olfactory
- fidres reach the septau and the no-eaued medial olfactory
tract aay aumiat of fibraa which come t‘ram or go to. the
antax-ior alractory nucleun or ultactmv tubercle. It 1e worth
| noting that in the annamatzc porpolse the ‘septel etructures
. are certainly not retrogressive (Breatlmueh, 1953).

S mne recent experimental work has thrown light on the
connexions and functions of the septum. Daits & Powell (195’4):;
following ﬁahx-ial section in the rat, rabbit and monkey, o
mport aonplete ean loas .tn all the cuna of the nedial septai
: nncleus an& partial cell degeneration in the m:clws or
diagonal.band auggeating the praaenee or nany eepto-
hippocanpal fibres, In degeneration studics in thevcat Neuta
(1958) describes éeptal fivres joining the precommissural
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fornix and the medial foredbrain bundle which diatributes to

' --the entire latcral hypothalamic area. " There are rich

connexions between the septum and amygdale vis the stris
terninalis dormsally and the ventral amggdalc—fngal f£idbre system
(ses below). These structurdl‘raiationahipi betweén the

septum, hlppocampus, amygdala and hypothalaaus are leading many
authors to auggeat the paeaibility of & close tunctional relation-

ship.

The qneatian of secqndary olfactory connexions to the

| anggdala has already bean diacuased.

_ The stria,terminalia includes fidres vhich connect the
V,amygdala with the pra-optze end hwpotha;amie ragiuna and probably
 also the néptum; Ttaﬁaﬁerag»uéﬁtiana in the midﬁie of the
anygdalﬁ show thé aﬁria in the;geﬁiai vall of the hgmigpherq

88 2 iightly hyéliﬁatea‘bagd, wﬁc,varibus aamponeﬁts'convenge
on tha eéuda+t¢nt£a1 border of thekiﬁtérnal careule and from here
awins ¢audally to r&ﬁéhlite dorsal aspect. They. then continue
/tarwarﬂ in the EZoor of the lateral ventricle to turn redially
and ventrally in the plana of the anterior cauniaanre and break

‘ uy 1nto the variaus coupnnenta. | nutailad ﬂeaeriptlon 1n
manmals haa heen given‘by Johnatan (1923) and vnn der 3prenke1
(1926). Johnaton 1dant1fieﬁ rive components 1n the oposeun._»

| eommisaural, hypothalanic, infraconlxssural, |
supraconmissural and a stria medullaris component, cSimiler
components have heen aescribed ﬁy Gurdaian (1925, 1928 for thc
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rat, by Young (1936) for the rabbit, end by Humphrey (1936) for
the bat, The hypothalmuc component of Johnston is homologous
wzth the pre—o::ttc conponent of Gurdjian, Young and Hnnphrey
ard all these anthors describe it as srising entirely in the
cortico-pedial group of nuclei, The commissural bundle is
_unusually distinct in the bat and arises entirely in the nucleus
'of"thg laoteral. ‘alts'cctoty‘ tract (Humphrey, 1936). #ore recently
Valverde (19{’5&:) studied the termination of the stria

terainslis in the mouse by means of the Golgl method; his
'reaults» were in asgreement ush previpus studies and he was anle
to :ldentti’y the 5 conpan'erita described by Johnston,

Kungler & Gloor (1960) otud!.ed the connexionsg of the
amdala 4n human braina with a (nasection technique;. They
~ say that the enygdala projacta to the sertus and to the ‘anterior
metnalmus ¥is two fibre systems: (1) a doreal eystem, the
utr&a t.ermnaua. {11) a largar ventral eystem consisting of an
‘amdalo-hypothalanle tmct and sn amygdalo-»saptal tract
| (disgonal bend of Broca), These ventral ktracts;are probebly
‘similar to the 'longitudinal ascociation bundle’ so named by
 Johneton (1923) and Fox (1940), |
ﬁslthwgh much 15 known eoncerning the coapoeltion or

the stria, the dimﬂon or conduction 11: 1ta ﬁbrea is
.aonewhatv unaertain. Mat authors agrae that it 13 a major
__ﬁi‘aehjariger path from :he smdala_ _:fbnt there is evi_denw that
some of its fidres are anmygdalo=-petal (éhute& Lewis, 1963; |
" Powell gg__g;.f, 1963). ~ Leeions placcd dorsally in its course
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led to larchi degeneration directed’foflard from the lesion
and never caudally to the amygdals (Fox, 19#3)- Foxlthlnks,
' that a large portion of the stris originates in the basal nucleus
kgﬁd ?rodects to the septum, pre-Optic‘region and vicinity of the
paraventricular nucleus of the hypothelemus. Tadayasu et sl.
1‘(1959) also nsing the Marchl techniguc, studied the fibre
conneiibha'in'thq rﬁbbitvand.found that»the nost ecesily tracesble
descending pathwayﬁ'tron the amygdala are the stria terninalis
snd the *longitudinal associction bundle’s They believe that
ribres or the stria originate from nearly all the anygaaloid
nuclei exnept the Iaternl. The 'longitudinal asaaciation
bundle’ they showed to originate from the magno-cellular parts |
“of doth lateral and ‘bagal amygdaloid nuclel, and to ‘pass
forward to reaeh the anterior awygdaloiﬁ area and nuclens
uc&uﬁhenn. e
Nauta (1961). uaing the Nautaueygax nathod. confirmed the

'existence of two maaor fidbre syntenl; ‘a daiffuse ventral
:nyndnlo~tuga1 pathwny and a cnnyact ntria terminnlia dcrsally.
| The fnrmar he thinka 18 the nura laanive pro:ective systen

_and it connecte with the lateral pre-optic snd hypothelamic
kreginna, the nncleus of. the ﬁinsansl band. anﬁ the olractcry‘i
tubercle, A praninent conpanent also tarminates in part of the

'dorsonnédial thalauicvnucleuu. end an other in the gyrus ’
. formicatus. The stria terninalis, on the other hend, =
originates mostly in the caudal half of the amjgdalold complex
and forms a praﬁinent pre-eptic&hypbthalaﬁlg compunent.'.
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\ﬂvétde {1963b) obtained similar regulto,  Maute also found
evidence of fibres emerging through the lntersl and ventral
sides of the anygdsals snd distriduting to the rostral part of
the temporal gyri, insuls andvoanaal.ofbito—frohtal cortex.
The existence of such 2 mdalo—teupoml fibres and' anygdalo-
- ineular taaeicles have been seen by'diasection in men
(Klingler & Gloor, 1960), | |
It 18 of importance to note that Pmmll __g_ﬂ (1963) .

found after leaions of the pirlforn cortgx very similar results
to those Qeecbibed by Kauta after lesions of the amygdala, “
They‘h37é~atrassad the_tact-tbat;their‘leslons never penetroted
deeparﬂthun the subcortical white maifer.rand they were very
 careful not to injure the smygdale, When they placed lesions
iu the amygdala 1tse1r. the dasanerating tlbres in the ventral
aaygdalo-rngal pathway {longitudinal association bundle) were

"fexactly sinilar to these after lesions in the pzrirorm eortex.

.Accnréingly it wan ditricult to deteraine whethcr this
 ,:degsnerat1an was cntirely due to interruptson of fibres arlsing-
in the pirirbrm aurtex and pansing through the amygdala. or
*whather the. amygdala also contributed to th&e ayaten. " These
, authors praduced oxperiaantal anatonioal avidence for a _
_reciprocal relationship between the amygdsloid Teglon and the
_hypothalaaua.' Caudally diroctoa fibres wera not only seen in
vthe gtria terminalis (as descridbed by Ratta. 1958 and by Shute &
Lewis, 1963), but mlso in the ventral mygauo-mgu pathway.
' Keny reports have appeared lately in the

’electrophyeiologieal literature concerning the connexions of
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the snygdala. These are very’variea and eannot be described
fully within the limits of this thesis, = Various behavioursl
and visceral effects have been dbtained'trbm atimuiation of the
acygdala (rbr summary see Gloor; 19560). "?hysiologicélly it
~appcars that tww}differant portions cén be diatiﬁguiahad.
Forvexaiple Kaada (1951) snd Kaada, Anderson & Jansen {19%54)
diatinguish an anteromedisl division (phyloaenetieally old)
'which reapnnds with autonouzc and nonatonotor effocts to
stilulation. and a lateral division (phylogenetieally younger) -
which on ntiuulation yields behavieural changee which indicate
anxicty, nametinen fear anﬁ anger. They are~sim11ar to effects
obtained by stimulating tha hinpocaanua, the nedial prefrantal,
_ liﬂhic and hippocampal gyral regiors, = The authora think thet
these similsrities indicate tnnctional aayiéll aeuatructﬁtal,
relationships between all théae areas. ‘other_behavioural

~ changes which follow lesions restricted td the anygdala are

- relative aacinty and o etate of chronic hypersexuality |

(Shrziner & ”1ing, 1956). Finelly 1t 1e of‘intereet to mention
that in the anrgica; treatment br temporal lobe seizures | | |
- ﬁalawin‘gg;gl (1956)‘réut1nely explor&d the modiel temporal
:"reglon with a gentle electrical current. quite frequently
' this atimulaticn was. tollowed by movementn of the 1pailatwral
face and Jans. . Theae motor responsea occurring when the tip

: cf the electrnde ia in or very near to the anygdalsa,

tnt onne

Recent experimental observations show that the entorhinal
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arec receives tertiary olfactory connexions ﬁ-om the piriform
cortex (Cragg, 1961; Powell gt _al., 1963).. The entorhinalv
arcs has nan& connexions with other near-by structures,
particularly with the hippocsnpus. In homa_l material Cajnl
(1911) described two distinct afforent pathways to the o
‘Mppocampus; the lerge perforant, or direct temporo-smmonic
tract arising rrom:th'e lateral part, snd a superficial, or
ai;vaaxi,' pathway originating from thc medial part. These tracts
'.recéivéd full descriﬁtlon' in the elahornte study by Lorerte
de §é (1934a) and their presence has recently been confirned
in experimental aninalé { 2dey & Meyer, 1952), The last
authors have al_jo shown that rpllowing. an extensive lesion of
the euperior temporal ms‘ and inguler cortex in the monkey,
cms@derable ri'bre‘dagénemtim could be secen entering the deep
layers of the entorninal cortex, . |



The experiments to be revorted werc all ﬁuaiﬁne& to

‘ demonstrate by the'ﬁgthod of axparinental degenerstion acc;ndery
oohmxim of the olfactory buld, ‘accessory olfectory buld and
B aniarior’olfadﬁory nucleus and with perticular reference to the
olfactory tracts and to the olfactory commissural conpbnent. .

Phe apchi technicue wos used anly invtwo epecimens,

It has well known umit}ation‘a. ~ In the first place it etains

| dnly ihé aagenatattan proﬁucts of ngalin end eannot therefore
dmmtram preterninal or tamiml degweratimx whem ne or very
Iittla ayextn is vraaant. Kunnayelznated fivres are not stained
'anywhavo on thair courua. Pseudo-reactiona, i.e. dzfruae
ataining of umm droplets hmm na relaticm to the
diutrihutian of the fthran 1n$ureﬁfby the leaion, are cammon,

- gnd nay Iead ta dirricultian in 1nterpretation. in the two

coypa apeoinens paeudu-ruactzana are not in frct veny narked

" ané the a&generaziun of myeliaateﬁ fivres in,madov trocie, such

‘a8 the lateral oltactory tract, in cléarly denonstrated (Fig. 7).
' neganﬂratiam in fine myelineted fibres, prnbably apprauehing
.their terninatian. 1s not shown satiefactorily howcvers  Sueh
tthraa ara precent ln tha 1st or moleaular layar uf tha parlform
cnrtax end &eganeratian 1n thia uituatlon is much better shown

by the Fauts teehnlgu&. Thie can be seen by eomparing the

two photographs {rigs. 53 and S4) of nactians taken from thc same
level of specixens hnvlng siniler lcaiona and aurvival tinea.
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| atained by the §-farchi and I’uuta teéhniquen respectively.
Since the Naute teehnique is almost as utinractory for
demmstrating degr naratim in the major tractn and the sain
purpose ef this work 1s to denonstnte the sites of ternination
of ﬁbrea. no rurther use vas nade of the Marchi method.

_ !l‘he Glees method (Glees, 191;6) has been claimed to be the
’ aast satzsractory for damnatrat:lng degeneration in terminal
arborisations end end-bulbs (uee Fvans & Hamlyn, 1956, who
compared it with tho Hauta lethod) ‘bnt on this naterial the

results were not very successful, Sme preliminary

obsarntiom wem made in mtim of the ‘apinal cord in reg icns
in which a previous atua:r (Golaby & Xacker, 1963) had shown,

by the Nauta method, that terminations of the corticospinsl |
traet are nUREPOUS. The mces method etaineﬁ only an occ&simal
endomlbin these »\aitnatim». In .the ‘basal rhinencephalon

of iwn axﬁimaln which had unrvived buldar ieaiona for 7 and 1i

. vﬁayn reapactimly tha sza nethoﬁ demstrate& rragmentation or
‘ ﬂ‘bns 1in the mter or nole:mlar layer of the piriforn eortex
and the eartieal mgdalaid nucleus, but it was not seen so
iclenrly as. m the commonding Faute prepamtiam. No end-
mm, nomal or degenamta, coum be found in any part of | ;
the baeal rhinmcephalon. , mther, in our handa, the technlque L
, !mu raued, or whethez» it ia unsuitadle rer thia material,

' eannot be decided deﬁni‘tel_y. - Purther experience might heve

led to Se%,tei'_ results, Other workers hoiever have found the

Glees method mutiatactory, Cowsn & Powell (1956) in n‘orma].v
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monkey snd humsn brains found that it gave evidence of terninal-
_degenerntion { assumed to be an arteract or pseudoe-resaction)
bilaterally not only in parts of the h;pothalaunn dut mleo in
rmgiann such as the septu- and the bed mcleus of the atrla
terninnlis which are of importance ror_thie thesis. It ia true
- that vAde'y." Rn@blph. ﬁiné & Hearritt (1958)_fai1e# to confirm
Cowen & Powell's 6bnervat;anu. Kevertheless one must at lcast
conclude that the technique. gives inconsistent results in
different hands. It is sleo true that the more controversial
of the £indings by thie method vnicn hsive ‘be'en reported in
the fhinencephalun ére hilat&rai (e.g. Giérk & leyer, 1947) so
that the best form of control, compariscn with the normal side
in a iihglauptcparation, wae iampossible, For these reasons,
an¢ pan‘m of the disappointing results we obteined ocurselves,
the method was not used further, | R

ne 'aa daveloped to bring ont ths

pathologtcal or daganeratiVe ohange in axone Icre or less

~gselectively anﬂ to suppreas the ataining of nnrmal ribrea

(aautg & Gygax, 195&3 Glees & Nauta, 1955; Rauta, 1957}.

This aupbreaainn is rnrely conplete. Fauta (1957) states that

"3t 15 common to find a varidble parcentusa of the normal ffbraa»i
prcgnated‘blank” and this is certainly our experience in the |

coypus negenerativo debris 1a alvays blauk, but ao are a

large number of the finer noraal fibres. caarsqr narmal fibres

are generally é'brown or golden colour, ?hezmoat éomplete,

suppression was achieved in a specimen wiich had had ver&
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prolonged fixation in formalin (18 months) before rocessiny
(Fig. 56); Nauta (1957) says that exccosive length of |
fixation may be detrimental butthere 13 no eviaence that
staining in any of the debensrated fibree hze been loat in thia
specimen, It must de emphaniaedrhowgver that periods longer
fhan'lﬂ'monthq could be detrimcntal (as has been ghown in one
" of our spccimens which was fixeé for 24 nénths),' “oht of the
apealmens were procesced after 2 to 6 veeks fixation and gave
reaaunably aatiaractory reaulto, and a feir degree of
suppression of the staining of normzl fibres was achieved by
1ncreaaing the proportion of asmonias 1n the a-soniacsl silvet
nitrate solution (wee Appendix 1I), |

Wormal fibres can be rocaguiaed by thedir gencrally
uniform oalibre and lack of fragmentatlon (Fig. 58),

‘-'Enrlier 1nvastigators (a.a. Cajal, Qlees) unrking on ailver

preparatiang}statgﬁ that the first aigas,or_axcnal degencration
‘are,argentopﬁilia'énd varicosities, but these alone are not
gependsble criteria in Nauta prepurcticns. In longitudinal
lectiéés Gf the olfaébory‘bulb énﬂ peduncle fron a ceﬁpletmly
normal brain intensge argantuphilia and’ variaoaitiea ere &
conmon reatuve of the fine fibraa of the alfﬁctony commissural
component (Fig. 60), The anly'depandgbla criterian is ﬂrap-
- 11ke d&niﬂtegrattonzaf'the‘axuna (rigs. 57, 59 and 63)., Eere
" irregularity in calibre or beading without definite
fragnentétion cannot be taken as conclﬁaiva evidence of )
dageneration in the coypu olfactory system, Glees &‘Hanta‘
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(1955) have drawn attention to the fact that “"the most
'->igportant end persistant asource of error ia repreéented hy
srtificisl deformities of normal axons, & phenomenon which was
rather rroquenily observed followingfs!lver51npregnntion*.
In our experience srtefacts or pseudo~reactions with an
.aprargnt fragmentatiunﬁorjribraa,'in regions which could not
| have been affected hy'the'letion are slso found occaslionally,
They were seen for example in the optic chlasna and tracts
where they are possibly the result of manipuzatian daring the
renoval of thejbrain. ,_Theae artefacte are generally coarse
in appearance (Fig. 62) and unlike the tyyzcaz drop-like
fragmentation;af_trae degeheratiah (?13.?63} but because of
the difficulty of recognising thein rigorous control by
comparison with the normal side or with eections from e
conpletely normal brain is alweys necessary. o

- In addition to dageneritian 1n1the course of é fibre -
tract (where the debris of both axon and myelin gheath may be

. gtained (Evans & Hamlyn, 1956) ) the Eauta method will alno o

’aemanetrate degeneration in fibrea very close to their
ternination, This "pre-terminel’ degencration takes the fora :
| of very tinelargontophilte grnnulea close to the periknrvan of
a cell or o its dondrztea. _The ectual enddbulbs are nat
' usua11y demonstrated (Gleea & Nauta, 195;3 Bowsher, Erodal
}alberaq, 1960) snd were certainly not seen in this material.
That has been interpreted as preterzinal degeneraticn however

is scen in the nucleus of thé lateral olfactory tract snd
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anterior'amyndalold ares (rPigs. 64 and 65) where it apears to
indicate axosomatic endings, and 1n the molecnlar layera of
‘gortical forastions (Pig.,ao) end the Qranular layer of the
olfactory bulb when endings are probably axo-dendritic,

Because of the granular nature of the degeneration
products these mny simulate a normal £ibre in a thin transverse
' -eetién. , Gonveraely a thin aection ofAs'normallrfbée uay 
look very like a degeneration granule, ﬁbat sections were cut
| at 15-25 p and at thie thickneas the preaence or absence of
fragmented fidbres cnn_uaunlly‘be judged with reasonahle
confidence. In one specimen (K;B)\auch.sectipha showed
unequivocal fragmentation.1n_transveruékuoétions of the olfsctory
commissural couponezitymch was praeucanjunrecognzsamca in
some 8 p'sectionb from the #ane apoeiuén cnt'in a'crroatat- ‘_
“Phie dirriaulty doeu not uriae in longitudinal aeetians where
'conniderabla lengths of the f!bras can be aeen. '

The rate of developnant of rccognlaabla dageneratian
| probablr varies in ditrerent ribre traeta ‘ané 1n difrerent
aniunle, Aeearﬂing to crovel & Verhaart (1963) even o
' apparéntly 1dcntical r!bres 1n a single tract moy show véry

_grent diff@rencaa in the ‘time rcquir?d fmr degenuratian, aane
‘ hexng reaistant for. 88 long as 6 aontha. - Goldby & Kacter
(1963) using tha Nnutn techniquu in the cogpu.thought that they
could dumonatrate dugenaration of all tne rtbraa in tha
pyranié,l tract after 3 weeks dut anorter survival perioda
(7 to 14 days) ere often used with the Nauta technique, 1In
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one of our specimens degeneration goul& be scen clearly over -
the pirifora cortex after 7‘daya~(P£g. 67). It was more
aar!:ed_' in a W day npecimen, 'but e have teken 3 weeks ss being
arpﬁnul for the de'monstrauon or‘degmerution (Pig. 68). )
After 3 wecks there is no evidence for the renoval ot
degeneration debris and in one specimen with 56 days survival
such debris is still present although = little seemed to have
rdiuappeére.d (rig. 69). | “

In mterpreung hiastological evidence éf degeneration it
is nlways heeaﬁaary to cmi‘dar whether the é.hsngea seen are
orthograde or retrograde, Retrograde degénereﬁon is
| eenarally aaauned to devalop more alowly than orthograde,

but _Gngg (1962) ‘has interpreted a_egeneration in the lateral
geniculate body of a rebbit as early as 8 days after a cortical
le#ion,'. aa hemg mtrogmdé in chaiacter.. Powall & Cowan
(1964), aleo wsing the Fauta nsthﬁﬁ, rmmé that aftcr leclons |
of the eingular cortex, typical orthograde preterminal ‘
 dagencratio: s seen after 7 days survival but that after 10-21
days & diutmﬁtly different granularity is seen, It lacks
" a pericellular arrengenent and appesrs to be related to the
break-up of cell«-badias and &enaritaa became it 1s found only '
in sreas ahow:lng retrograde cell degm«:rati.m in Nigel
4prmaratima. aeemme of the rathcr lm aurvival per:ods.
amne of the ﬂegenemtion aaen in the coypu brain may !mve been
_ rotrograde, but this is unlikely, 1In apecinen 1e9 the
olfsctory peduncle had been severed caudal to the arterior
olfactory nucleus (oce Fig. 73). Sagittel scctiona of the
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buld and peduncle show only very few Gt‘ an:atmgiamted ﬂbrea
confined to the deeper part of the lateral olfsctory tract
~ rostral to the lesion and this was aftcr 3 weeks survival,
It ns also noted that in specilm ﬁth complete division of
the anterior commissure never nare.than sbout helf of the fibres
show degeneration on each aidé of the lesion, and one of these
spocimens hed survived 43 days. For this reason vtt has bée’n
‘assumed that all degeneration seen, vhether in the lateral
oltactory traat or elcewhem. is orthograde although 1t mnst
be admitted that. thu is not certain in all situations. |

The rasulta will be repnrted for groups of speclmens
dnflneﬁ by the situation and axtent of the lesion (see pad)
which 13 almya on the left alde. Operative datana and
datn&la of the Matologicax methode are g:ven in Appendicea I

end II, | A
The tirat group of speeimem with leaiona in the olfactory
puld has bcen divided xnto those with laaions confined to the
main bul‘b (6 apecinens) and those with lesions nv;xlving both
 main ma‘aceeseory bulbay (2 spwima), | The exftent’ af'“the o
~ lesione ie shown in Figs. 75 sna 82 end has been estimated
,pértly on the baeis of _maemzeépié examaticm and partlsrl from
. peci_ionq._ The estimates are approximate only Séoauhe 'éf‘__the
aifficulty of mz_umg the possibility that additionel dameze.
wis caused in remoﬁng the bulds from the ekull., One specimen
: (170) is also nlustrated by a photograph (Fig. 70).
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The second group with lesions involving the-peduncle
and azxteuorkolfactory nucleus sre illustrated in Figs. 83, 84
and 85 including photographs in four cases (rigs. 71, 72, 73 and
). |

The third group with '1eaiuna of the arnterior comaiscure
is illustpated omly 'by the photograph _(Fig. 101) fron onec of
the specimens, M.lh. It shows the gencral type of the lesion,
an inecision fhrough the iihoie depth éf the hemiaphere slightly
‘ .lateral to the medisn plane, Two of the renaining specimens in
this group are similar and in the last two the incieion is in
the modien plsne, - |
| Further deteils of the lesions are given in the
’ descriptim of the specimens, |
| _ Leaifma confined to the gain bnlb are all mcomplete
beceuse attempts to remove ‘tha whole ,bplb mevitebly led to
dnmage of the accessory buld and/or the rostrsl extremity of
the ante'ri@r olfectory nuclenb, ~ Two specimens (Mol a:id 173)
were stained mainly by the archi technique but also with some
' Nauta sa«ettm. a;nd four (170. 171. 172 and a{.la) were '
prepared by the Naute method only. | |
| The tw?ﬁ fjaéehi apec:lmnn vul be described ﬂrat. in
- specimen 173/only sbout  of the anterior part of the mam |
| bulb 13 destroyed, and it 1is anly in this ayecmen that
aactions of the ramaining part‘ _or,- the bulb and the gyaﬁmg:la
are available, o

In the buld MHerchi staining is present emong the
periglomerular cells. This could be & pseudo=-reaction in
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a region 1nevitdbly dnmagea in recoving the brain, It could
hcwever;_rapreoént.degenerdtion in dulbo-petal fidbres, a
‘matter vhich will be discussed later. Dejencration is marked
anong theléallé of theilnngr“granﬁlar layer and can Ye traced
beneath the accessory bulb*intb the'pedunclé (FPig. 76). 1In
the peduncle the dcgenerﬁting f£ibres are concentrated ventrally
end laterzily in the ;oiecular 1ayer’om the anterior olfactory
nucleus, but a rev’aregprhaeht, more deeply aiiuateﬁ.:vehfro—
nediaily. The latter 6oﬁld'not be traced beyond the anterior
olractory'nucleus. ‘ Superfieial degeneration in this situation
‘ which.eoulé,repreaent a.mﬁdial olfactory tract is not present.
Caudal to the peduncle there is marked degencration
in the lateral cifactérﬁ tract'(Fis.‘77)‘ihich ﬁa'lgpt‘Jnst
| rostral to the amygdala. Laterally degeneration spreads
from the tract into the uuperficial_partﬂbf the molecular
layer of the piriform cortex but reaches only about half wey
~ towards the rhin31 riaaﬁge,f; ?hsra,ia s similar spread
,.mam for a short distance into the mtam-z’aaeral part of
the nlractary tnbercle. in upeeimen g.l tne 1ateral olractony
‘tract degeneration is aiailar ‘but rather more 1ntenae. In
neither specimen eould daganerated fibres ba traced with
; canridenae into the am,gﬁala‘ - . ' " -

The commissurel component in both spaaxuena ahows alzght
-warcni atippling near the tuld; prdbdbly a pseudo-reactzun '
becauna more c¢andally and in the commisaure iteelfl practicalxy
" no staining can dbe detected an&»éerta:n;y no noré‘than is seen

in the adjacent white matter of the frontal pole, ﬁhich is
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unaffected by the lesion, |
In specimen 173 the right dulb (nouai) was also
‘exanined but no éaliaractary evidence of degeneration was seen.
 Nauta sections are available for both theses specimens
| and the auperioéity of the ﬂaﬁta technique for deronstrating
degeneration of fine £ibres over the piriform cortex has alrcedy
_ been referred to. - The method sho:s quite clearly that these
) ubma extana to the rhinal fissure, where they end abruptlyo
Bczaneratio eould alao e traced tnrther ¢caudally in the
molecular layer of the tamporal piriform cortex and along the
_,.luteral border or the amygdalnia fisaure, although none could
:ha traced nedially to the cartXcal aaygdazcid or deeper
jam:adaloiﬂ nuclei, Over. the tenporal pirifor% cortex
"dageneratiua is meat marfed close tu the 11 of the rhinal
‘»,rxasure and a few fibres can be traeeﬁ‘into the regian of
1tr§na1tlon ta‘the‘antoihlnai 6ortex,_joma of_ah1ch:may reach
*‘,thevehtorhinél cortex itbelf.'. In the peduncle, the olfactory
tubercle end the nltaetéryvéounisaﬂral-campanent]the'rznhings
 are quite similor té those in the varent aeemm but there ig
~some auggeation of the termination of a rew fine tfbrea in the
region of the anterior oltaetory nucleaa. |
| ‘The remaining four Nauta ‘specimens show very‘eimilar
-resulta, in ailudegeneration in the 1atera1 olfactory trﬁct
= preaaa over the ptriform cnrtex to the botton of the rhinal
ficsure laterally, and over about the antero-lateral third of
the olractony_tubercle medially, Even when the leeionilsv_'
~ small enough to leave a coné;ﬁerable part of the duldb undanmaged
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(.12 and 171) degeneration can be traced to the anterior
 amygdaloid areas, nucleus of the latersl olfactory tract and
‘the antero-lateral border of the cortical asygdaloid nucleus
(Pigs. 80 and 81), It can also be traced over the cortical
nm:ndaloid transition area to a concentration lateral to the
bottom of the mmygdsloid fissure, Fo degeneration is found in
any af th@ other amygdslold nuclei. | in the pirifornm cortex
(frontal and temporal) degeneration docs not differ from that
described in the first two apaciuens. , ‘
The olfactory commissural conponent is completely
‘negative in specimen 172 and almost certainly so in specimen 170
and boasibly.in M.12. The remaining speciaeh (171) providee
only the same unconvincing evidence of degencration limited to
8 very small proportion of the fibras as was geen in thc ¥archi
ﬂpeeimens. It was observed however, that_even this faint
appearsnce aslways diéaﬁpéared caudally particularly ﬁheré the
olfectory component anpmcm‘ the mid-line to cross in the
nntenior cannisaure¢ In npecimen ﬁ.12, with the smallest »
lesion. degenarntian 1s Been 1n fibres among the pvriglomﬂrular
‘;cella and in the inner plaxiform and grarular layers of the
_nndamaged part of the bulb, an in the ﬁarchl praparatiana.,
Speeinen 170 showed !ﬂ;at appeared to be terminsl degmeratmn
in tract ribrea_un the‘énraal aspegtfbf,thﬁ anterior qlfactafy'
nuclcus (Fige 79)e B N |
One can summarise the results fro: thrse specimens, in

which the lesions were strictly confined to the main olfactory
buld, as follows. In the bulb secondary olfactory fibres
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sccumulate in the inner plexifor" and granular layers and can
be traced into the pedunele where they are concentrated
laterally and ventrg;ly. Probably some correcct with the snterior
olractéry nﬁhlénn, particularly dqraally. ?astcrior to‘thé
poduncle, the lateral olfactory tract distributcs fibres to the
outer part of the molecular layerﬁof the antero-lateral region
‘of the olfactory tubercle and thraughout the piriforn area,
In the temporel piriforn cortex the fibres tend tove
_coneentrated near the 11p of the rhinal riseure. and a few
.axtend into the region of transitian to the entorhinal cortex
and pansibly ta a very ‘emell extent ta the entmrhinal cortex
itself, They elso pass to the nucleus of the lateral
olfactory tract (whﬁre'preterminﬁl dageneéntion is seen cloge
to the per:&karya), to the mter:lor ammdalaid arca, to the |
‘eortical amyadalnid trnnnttion area end to thn antero-lateral
bardar of the cortical amyndaloid nucxeun (althaugh this last
| point ia nnt aemnnatratea clearly in all the epacxnans).,
, 1t ahauld be noted that axcept in. tha nucleus of the
- latoral ozfnatary tract th& aegeneratins fibras ara 311
aituated very nnperfieially 1n th« uutsr wart or a malﬂcular
.”, laycr. f Thla auggests that tbe cannexiuna nre all axad«ndrltic,

:v~although one cannot axnlude the possibility that tho finest

~ terainal or pretetm&n&l rtbrel have railedAto atain. .In the
Hnuta preparations this 18 unllkelr. | e

The only other poaitive finding which nceds diccuasion zs
the degeneration in the glouerular layer of the buld in one of
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the archi end one of the Nauta specimens, Thé fibres
- affected appear to be the myelinated tibruajsegh_anong the
periglomerular cells in nornal preparations, .~If§aa already
| beeﬁ éuggested that this finding may dbe an artefact resulting
from damage e¢aused in re-oving the brain, It 1§ pome1b1e.
hawever,,ﬁa the origi.xial lesion in botyh: cases extended into
the central parts of the bulb, that these arc afferert fibres
%o the glomerull degenerating es & result of the lcsion.
This seems a more probable ;nterpretatiéh in view of some
findings which will be-reportéd laeter in specimens with 1esibna
affeeting the peduncle wlthont direct dsmage to the bulb,

It de xmportant also to amphasiae certain negative
r;aﬁinga.v To nedial olfoctory tract censiating of aeconﬁahy
olfactory fibres runniné tb'thg septal regi#ﬁ hes beer found in

aﬁy apecimen;~ ﬂimilarly,‘no ﬂagenaraticn hze been found in

 any of the amygdalodd ‘nucled excapt the nucleus of the lateral

olfactory tract, amyg&aloi& trensition area, and the antero-
lateral part of the cortiecal nucleun. The olfactory
commiesural component 1s'a1moat_¢omplete1y normal in all the
~ epecimens. Very few, if any of its fibres cen arise in the
‘main bulb,  The slight and rather doubtful degeneration secn
in the olfactory conpﬁnent near thn buld in somc specimens -
- cennot be detected more goateriorly-or 1n the commissure
‘§tself. If these are trﬁevaégéngrating ribres they couidv ‘
represent a very éméll ipsilateral discharge from the main buld
~ to the hemispheres but being so few and diffuse they cannot be
followed to their terminations in this material,
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| Atfempts to destroy fhe'accessory oltactory‘bnlb'without
damaging other parts of the olfactory‘apparatua were
ﬁnauceassfnl. Two specimens were obtained however (%46 sana
| 3.7) in wi:ich the acoesaory'hulbs were completely or slmost
completely aeagrqyed {vy thermOncantery) together with much of
the main olfanctory buld, dut with no aignirieant damage to the
anterior oltactory‘nucieue" ' If secondery fibres fron the
aceessory o:tactory.huxb dirferyin'thezr éiétribution from -
- thoge of the main bklb, one ioﬁlﬁ expect théae tvo spccinena 
~ to show differences from all those in the group already
deseribed, where the lcsion ie limited to the main bulb.

The approximate extent of the leslon is ahosn in Pig. 82

and it will be seen thet in %.6 a few cells have ‘been lost
fron the~c:ania1 part of the antenior‘alfactory nucleus. In

- M7 the dﬁmaga to the accessory buld slthough extensive, is

alightly 1eas than‘in He6 2nd the anteriar olfactory nuclecus

 v,appeared qnite unﬁfreeted. Both apeclaenn were preparea by
the Fauts technique, |

| %o aatisfactory sections were availaile froa tha |

olractory peduncle, ‘but more caudally degeneratiun in the

~ lateral olfactory tract :ls well marked and can be traced to the

agaeAragions as in thaoe apecimana with lgaions confined to ;

the main bulb, Lee. to the piritérm eox#tefx; ‘the aifaetéry'

',tdbarcle, the nncleua of the leteral olractary trmct, anteriar

amyndaloid area, and the e;:g;;i part of the cortical

. amygdaloid nucleus, In specimen ¥.6 an sxosonatic type of

- eonnexion is clearly_demonatrated in the anterior émygdaloid
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Fig. 82, Diasgrams showing the lesion in the main and accessory.

bulbs drawn on a sagittal view of the buldb and peduncle,

il
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Fié.'83. Diagrame showing the lesion in the ventro-lateral
surfaces of the main buld and the rostrzl part of the

snterior olfactory nucleus of speeimen 174,
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area snd nucleue of the lateral olfact ofy}tract." The
olractory conuasural couponent showad anght and uneonvincing
evidence of degeneration in a few Tivbres.

one must conclude that. secondary fidres fro: the
| accessory oltacte:-y buld are nét diétrivzﬁed outside the
reglons which alao recelive secondary fi‘bru rro'n the main buld.
It m:y be of course that not all of these regions recelive
fidbres from the accessory bulba, 1.e. that their distridution
1s les extensive than that of fibres from the msin bulbs

The mthei- emell smount of mntojrialv exanined did not suggest
that this was the cané. a!thmgh it didynot exclude the
possibility, | |

" | : ‘éﬁigm apeémem are avanabl_e in whic’h the lesion rangeé
from virtuelly complete destruction of the whole peduncle
(specimens M4 and ¥.9) to relatively trivisl damnge either
'at'thc"eraaiél extreaity of the‘nucleua'or to the core of
the mmleu with uttle direct afrect on ite eenular 1ayers _
(apeaiaens 11&. .11 and 176). In ¥.2 the leaion involved )
the middie part of the peduncle only, In five specimna the

© bulb s destroyed or dameﬁ and in all of them the

connexions of the tuld m nm or leﬂs camplewly divmed,

In moat the anterior pom of the hemisphere is also damaged‘ 80
that there is degeneration 1n‘the%coanxaanrg1 end association
fibres of thie part of the cortex. This ie not relevent to
the nstiters ‘undex- investigation end g:ill not be deucribed» in
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M11(7) 176 (14)

M 15 (12) M8 (21

Fig. 84, Diagrams showing thc lesion in the different parts .
of the snterior olfactory nucleus and bulb drawn on a

sagittal view of the bulb end peduncle, Fhotographs of
specimens ¥.8 and 11,15 are showvn in Figs, 71 and 72 (p.l42).
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Pig. 85 Dingrems showing the extent ol the lesion in the
enterior olfactory nucleus, Compare with figs. 735 and 74
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detail; 1t has been allowed for in interpreting the results.
A1l these specimens vere etained by the Nauta technique.

Owing to damage to the gecondary olfsctory connexions
(#ee Figs. 83, 84 and 85), degeneration is found in all the
basal regiona of the hemisphere in which 1t uns found aftcr
bnlbax lesione only, in thisvreapact there 18111tt1e
eignificant aifference from theyspeeimens’pfevibualy described.
Some_(ﬂ,Q, 176) shawed perhaps a nor§ definitefcpread of
degeneration in the molecular layer of the cortical amygdaloid
nucleus, but as before, the specimens are.not:unirbrn in this
‘respect snd veriations seem to bear no relastion to the extent
of involvement of the anterior 6Ifnetary_nuc1eu§. It wes
noticed with most of these apeeinenﬁ.‘pnrticuiarly Le2, Mokt and
 Fe9y thatvaone praterminal.dagenerﬁting fibres'in the latersl
cltactory tract are found close to ‘the perikarya of pyramidal
gells in the piriform cortex (rig. 66) and amygdaloid ,
| tranaition area, i“dth lesions limited to the bulb degenerating
: rihraa sre seen only in the plexlfbrm layer of these ‘reglons
- and the synapsea rormeﬁ are preaumably axodendritic, The
'5r1brea whtch end more deeply uuat ‘have deganerated a8 a reault
~of the lesion 4in the enterior oltactary nneleua andé preaundbly
erose there, - |

The ehief differences trcm the previmus apaainens are
found in the state of the olfactory cmzssural ¢ omponent in
'hich.‘in the nbeginena}ﬁhere the buld ie undamaged (.2, il.4,
¥.9 and 176), degencraticn can be studied both rostral end
caudal to the lesions. it 1afon1y in theae specimens that
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bulbo-getal tibrea can be stu&ied on the side or the lesion,
and it muet be pointed aut thet these need not ne«::«::mmri.lJ
‘be confined to the olfactory countssural component but coulgi
. run more superficislly in the'dlractory tracte. crossed
'bulbo—petal fibree can also be studled on the contre~-lateral
side, dut only if they arise in or wgﬁ to the lesion,

Bulbo-petal ribraa are wecll nluetmtcd ir specimen &'.9.
~ On the operated side in sagittal aectionr msny degencrated
ﬁ'brn can. be followed cranlany in the core of thc peduncle
(Fig. 91) to the inner e;mnular layer of both aain and
accessory buldbs, some contmulng through the plexirorm layeu
to remify smong the pea'iglouerular cella. "‘here are slso 2
very few ﬂegenernted fidres in the deeper part of the
.lateral olfactory tract {Pig. 92) » 80 that there are two bulbo-
patnl pathways, auperﬂeial as wll as daep. negenerated »
fidres are also round anmng the cells of the pars externs and
pars principalie (parucularly dorsally) of the antérior
: oltactory nncleun (Mg. 90) and some of them proba‘bly end 1n
these sitnatims., .

In the dbuld on the unoperated aida dageneuted ribreu
are alao present 1n the cnre of tha peanncle and ‘nulb and in .
the inner granular layer. | They are 1eae nuaeroua than on
the operated side and none can be tmced to the periglomerular |
cells. © These Lidres mxat have srisen in the anteriw

olfactory nucleus of the oppoaite slde 'bc.eause no degenaranon |
is seen in the buld after lesions confined to the oprosite buld;
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and 1t oan slso be said that bulboepetal fibres carnot come.
gﬂmxﬁu fro: ths» oppoéite nntez-iér‘olractory nuclcue, If
this were the case the bulbar dageneration should be equzl on
the mo sides, uhich it 1a note _

Speeimen u.u. with more complete ﬂeétmetion of the
snterior bitagtbry n.dc'lmzwh.v shows very similar features.
Ih this specinen however; it is ?*oaaibié to trece degeneration
not only to the core of the contra«lateral buld but to a emall
. extent to the anterior olfactory nucleng and to the grunmlar
* end glomerular layers of the buld on that ame. although the
amount reaahing the glmeralar layers is very smell inﬂeed.
in 55.2, the ﬁndinga are praeucally menticax with thoso in
%.ln tbat ir to ‘say, m‘bntantia}. degmeration reaching to the
1ntema1 gramx}.ar and slmarular layem on the aperated sme |
(Figs. 93-96) and eimilar m:t mwh less degeneration on the
‘unaparuted side. ahe fact that the degeneration in bulbo-
petal fibres on the operateﬁ amc is only allghtly greatc,r
“than in ¥.9, whe:'e the lesion 1n in the csudal paz't of the
| vgnterio’r olract"ox"y nucleus, suggests that few of these 'f’i‘brea
can i:riuvan‘ the” 1yaihteral nnbiena. | in @eemen' 176,

| - w:l.th a nuch amner lesion in the anterior olractory nucleua <

o the rindinau m'e again slunar althoush the degenernuon »
- as expected,. is much Ius,mtenqe.. Fewer £ibres reach the
-periglumamlar cells on the -operated glde than 1n. the other

spec:lnena and this may 'be 6ue to the eparing of most of the
' fibres of the lsteral olfactory tract (see Cragg, 1962).
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In apecinens .5 and.ﬁ.& the left buld de ca:pletely
destroyed. In the right bulb (the nnaperated nxde)
degeneration is agein of a similar character but in neither
specimen could degenerated fibres be ssen in the external
plexiforn layer or anong the ﬁeriglouarular cells.
Tegeneration is sléo preacntvxn»thc dorsel part}af the ?are
principalis (n.ls'hnd #.8) and in the pars externa (#.15 only)
 of the anterior olfactory nucleai;A.?Ih the_remaining‘e
specluens (174 and %.11) the damage to the anterior olfactory
nucleua 18 alight and degeneration in the bulbs has not ‘been
stuéiad. Degeneration in the commissural component is: very
_v»alight and in faet the condition doea not aiffer mucht?rom -

‘thet found 1n the ayeclmenn tith the leuion confined to the bnlb.

in nor wal ‘material it was ueen that the olfactory

cnmmiannral component is aatnea on its 1ateral side by & few
faseicles vhiéh,appcar to'che from of go to the busal surface
~of the hemisphere in the regzqn~6r_the.olfaetory_tubercle and
frontal ptriform cortex. In three of the experincntal‘ |
dpecinené (3.2, z.&; an& x.g) these t‘aecieles are almost
”f'cunpleteiy degenerated on the qparat@a eide and very sligutly
‘contrn—latarally. - They conlﬁ not be traced thh confidence

to their terminatzona but appear to leaﬂ mainly to aome diffuse
’ de_genergt:lm drep to the ﬂnntal p.trn‘qrm eortex and_ olfactoyy
_ tubercle, They are prabably fibres which have srisen in the
antepiof'oitnctory nucleus and end in thélbasal rhinancaphalié

atrncturel. asinly 1pa£1atera11y but partly contra—laternlly
(Figs " 97t1°0) ™ ‘
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 Finally in one specimen (o4} & few degencrating fibres
are aeen‘to enter the mediml fore-brain bundle and can be
followed caudaily to the‘lateral hypothalamic'araa;
One may aumnariée the interpretstion br thé fzndxngs in
thcge specinens. all with a unilateral leaion of the anterior

- olfactory nucleus, s rollowe: SR | ‘

- (1) the anterior cltactory nucieue contribuzas a fow fidres

| to the 1atcral olraebory tract which end axo-somatically
in the pirirorn eortex and amygdalaia transition area.

o A smell contribution maey de made to the medisl foredbr&in
bundle, dut the avidence for thie is derived from one
epecinen only; it is nat conf&rmeﬂ in the others.

(11) Fulbo-petal ribras raaeh tha 1nner granular and
perlglanerular eella of the buIb by way of the oltactory
commisaurasl component {and to 8 @mall.cxxcnt in the

- deeper part of the lateral oafﬁctg_ tract}. " Those in |
the dlraetari ccnmlssurxlﬁeduponant sre both croased anﬁ»
»ﬁnéreaaéé'ahﬂ‘féw-if eny of the nrnsaed“fibves reach
' further than the inner grnnular layer. '

(111) ‘Some of the commisaural ribreo conneet the anterior |
olractary nucleus on one ‘eide with that of the other, |
thetr terminatiane being nainly in the dorsal pnrt of the
para principalin and in the pars externs. ‘1 |

- (4v) Some fibres from the snterior olfnutory nueleus end among

| dirfusely acattered eells deep to the oltactory tubercle
‘and piriform cortex botn on the same side and arter

crossing 1n ‘the anterior commigsure, - The evidence for
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this 18 strong bnt not eonclunive (see rig. 109).
{v) The fivbres mentioned in nectiﬁns (11) to (av) eonstitnte
~ the entire olfactory commissural component and the grest
majority arise in the anterlor olfactory nucleus,
Some of tha bulbo-petal ftbrea could arise in ather parts
~of the hemigpheres, ipsi- or cuntra-lateral. but AL so,
‘these parts have not been identiflad in the prcsent study.,

' To obtain further evidence mbout the commissural
connexions of the baaal‘rhinencephalon,vﬁ'syeeinens were
: preparéd‘zn wilch the nntevior comnisoure was eut.in or close
to the medion plane.’ In one (179) only the 1ntertamporal
'~smpcnan$ had been divided. but 1n thc other faur apecimena'
(178, 180, t.10 and ¥,14) all conponenta of the connissure
are'divldﬂﬁ cunpletely; In all cases there 1s considerdble
damago in suohz-egianc a8 the aurpua calloaum. tha hippocampal
aanmzaaura and anmetiues the cranlal extremity of the '
_  hippucampua. the sep&un and 1ta aasooiata& fibra systems
” ineludang the atria terminalia, the anterior amygdalold ares,
‘the laterel pre-optic region end the mediel fore-brain bundle,
For this reason degeﬁaratiﬁn 1a,w;dqppréad in many parts of
' the brain, but only that which is relevant to the commissurol
‘connexions of the basal ‘rhinencephsalon will be described,
tpecimen H,9 described earlier (p. 158, can be taken ms an
example of a lesion of the olfsctory coamissural conponent

without inwolvenent of the antertamporal eonponent.
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In specimen 179 with an ihzacglolractory component but
complete aiviston of the'interteuporai component, no
degeneration could be found :’m the olfasctory 'bulb or anterior
oltnctory nucleus of either side, In the olf‘actory component
iteelf, near the median plane, varicocities and possibly
‘tragnentatlm .eould be geeh in a few ribres. ':cmé h#s been
& common f inding in previous npécinei;s with lesions limited
~ to the oltéctbrx buld end does not diffcr signif;caht_ly from
the condition seen in quite normal control epeéimena. one.
may éonclude from this specimen that there is no passege of
fidbres from the 1ntertempora1 to the alfaetory colpommt of
the camamm. at leaat. in ‘more than triviel rmn'bera. It
lhoald be noted thst this eonclunion is based on the evidence
of one npeeiuen anly.' However. it could Ye said that the
' re\verze conaititm iz also tma because in ¥,9, with a ‘leeion
of the olractory conpﬁnant only, no evid ence of degancration is
 saan in the 1ntertenpera1 aonponent. '
- In tha lntertenppral cagponant ar‘hpeein;n 179 degencration
1 heavy end the contrast between it and the nornal olfactory
. eomponent ia shown elearly whm they meet near the med:lan
‘plene (Figs. 102 and 105). Aa one would expect in a '
commisBure diviaad in this s:ltnation, ﬁegeneration is aqua»lly
marked but incomplete on both sides. it ’cm;.,_ be traced
lnteraily in bundles of tihraa pasa»insf ‘thréagh the corpus

atriatnn to the extemal capsule. In the corpus stristum

the mount of degeneration n surprieingly large but 1t is less
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marked than expected in the external capsule, auggesting that
~ meny fibres have ended in and ventral to the corpus striatum,
SOIe.degénaration, probdbly’preutefminal, is slso found in
the baso-lateral anygdaloid nuclei on both eides. In
- sectiona of the stria terainslis at the level of the arygdels
. some degeneration is seen bilateraily but only in a minority
of the fidbres on the side opposite to the lesion, It ie
diffieult to say whether this degeneration resuited tromvthe
- lesion in the cammieaura or fron direct damage to the stria
itself or to such regions as the septum, lateral preqoptlé or
subthalanic rugiann. . That ihe\amannt of degeneraﬁion in the
etria and amrgdalé is luch greatar'on‘the stde of the lesion,
‘auggaata that it must he due to direct aamage to the
struetures nentianed. o

The degeneration is seen clearly in the atrin terminalis

o as it lies dorsasl and nntral to the internsl ¢ apsule and

there appesrs to be pre-terminal ﬁugeﬁerdtiun in the bed

. nueleus, the medial, the central and the saall-celled part
‘of the bassl anygdslold nucleus. It followe that the stria
terninalis cantains at 1east a propnption of auygdalo-petai

‘ribren, Fibres in the corticel nucleus are particularly

well efained and a11 ép§ear noranz.. ﬁaaeneraiion is also
.préaent in the "longituéinal association bﬁnﬁle' between

the latersl and banalvamjgénldid nuclgi,,;’Thaa~again indicates

that the bundle carries azygdalo-petal and nofanly amyﬁdnlo- |

fugal fidres (see p.124)s Degeneration in this hundle can be

traced ventro-laterally to the cxternal capsule snd for a short
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distance in thé deeper layers of the temporal pliii‘orm cortexe
in the four ﬂpeenem in which both eenpanenta of' the
anterior commissure ere divided, the diatribut!.cn of
| ‘degeneration in the cnrma utrlatnn. stria teminann. |
"longitudinal essociation bundle', external capsule end
| anygdale 1a a:milar. wona is present m theee aituatimeiin
.9 where the 1euxon affected the olfactory commissural |
| conponent mly ' It follows that none - of.’ these degeneratea
. fibres can have come from the altuctary emtanuml component 4
In the four apeemm (17&. 180, ¥.10 and. u.lh) the
| olfaetory component is heuvny degencrated an 'bath niden.
~ ‘but aga:ln aa expeetud, ;bout half the fivres are mrmal. :
| ‘Degeneration can e tmaaa rmarda in beth hemiapheren into
_»the core of the oltaetcry pedumla (F‘ig. 107) anﬁ of the bulb
‘without any d:lrﬂmlty. ~ In three of the“ {180, 53.10 and m)
there ia some pretermlnal dugcneration in the ;pars externa of
thg anteriar olfactory nucled and inm .1k it is also found
in the 'Vvdd‘rnal*part“ of the pars prmezipanp (Pig. 166). . The
majority of aegenemaa fibres enter the bulb and are found
1:1 great nuabers smong the cens of the mternal grenular
© layer (Fig. 105). Their sbundance in this situstion comtraste.
B atromgly with the very small amount seen :!.n tne emtm-lateral
buldb of experiments m{th pcduncuxar I.euon (e.g. 3.2. u.u and
4.9)s | . e
It w11l be seen that there are two important differences
between speoimens with an anterior commissure lesion near |
‘the median plene end those Such as K.9 With & lesfon in the .
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olfactory peduncle. Firstly, after the nedian—plane leaion,
- the degeneration 1s equslly abundant in both bulbs and
‘comparable to that in the bulb on the side of the lesion

, then this is 1n‘the peduncle. Secondly, after median plane
lesions, very few of the degenerated fibres reach the
periglonernlar cella in either duldb, These differences can
be esplained if: | |
- (1) the £idbres ending among the periglo-erular cells are
_ predoninantly uncrounedg they night well be represented by
-the bulbo-petal fidbres of the lateral oltactory tract as
suggelted by cragg (1962) and Powell & Cowan (1963).

“{31) eome fidres Join the comaissural component and croee
to the opposite buld from regions of the hemisphere caudal to
: thé peduncle. These might conme rréa the olfactory tubercle
or piriforn eortex~hut the present work does not provlde any

avidence for their site of 0rxgin.

| ~ The Only'other dbaarvatian to be reported5fram théae
specimens ie that in Mol some degeneration is seen among
acattered cells deep to the olfantery tﬁbercle on both sidea
‘which may indicate a connexion with thia structure, |
The finﬂings 1n th&n group of npecinens are generalxy :
" confiraatory of the 1nterpretnticns based on speotnana with
1esiene of the-peduncle which are sunuariuad On Pe 164.
In particular they reinforce the conclusion that the fivres
which resch the perigléuerulai cells arec predominantly
- ipsi-lateral and that the oltactbry commicsural component must
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-eontain doth #rosaed aﬁd uncrossed fibres. They show that
some of the croaaed fibres iuat arise m_'fhe heniaphere caudal
_‘to the peduncla; possibly from the olraetéry tubercle. They
show also that there is no pasmage of fibres from the |
olract_ory to the _'1ntertenpora1 conponént of the commiscure,
the tto'eonpohentl being qulte 1nde§cnd§zzt. Recause of the
widespread damage to many structures preciee interpretation
of much of the degeneration seen is not poasiﬁle. but it does
'shov‘ that both the stris terminalis and the ‘longitudinal
~ association bundle' carry amygdalo-petal &s well es anygdalo-
fugel fibres, " o



The main object of this work has been to record the

~ maeroscopic snd microscopic featurcs in the bessl

rhlnencephalie ntructures of & macrosnmatic rodent which had not

been 1nveatigated previously, It has included a study, using
the method of experimental asgeneratiom, of the secondary
' olfactory connexions,and some observations on the distridution
of AChE, which cannot be regarded ms more than preliminary,
heve also been recorded, S
It may firet be pointed out that the coypu has proved

‘& very suitable enizmal for a laboratory investigation of thie
kand; It tolerates anaeSthenxn:sell and remains in good
health durlns_ﬁoatfoperative pefiuﬁi which extended up to
56 days. ‘No uortality'and:no sign of infbction‘dccurre& in
any of the 2 experimental specimens. The tissusa of the
 nervous uysﬁnm‘r&upt well with the neurchistological methode
enployod’for'the study of qytoarchiteetura, fidre uonnexiqpek
and the dlstridution of acetylcholtneaterane. In short,
the caypu is f:) very canven&ent laboratory aninal particulnrly
"vhen ita greater lize, an cnnpare& with the rat, is of
1nportanee‘ A ainiler conclusion was reached by-&oldby
Kacker (1963) in a study of the pyramidsl motor eystem of
thie animal, | | | i | |

| The most obvious canclusion that can be drawn from the |
observations recorded is that in its structure snd connexions

~ the basal rhinencephelon of the coypu resembles that of
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'ponpaéabla nacroamatic mazmals such ae fhe rat, very eloadly
infeed, The few small points of difference which have been
noted do not call for extensive dlscussion, o f
- 8o far as gx;gggggggggﬁg:g is conearnea, the primary =

oltactory receptive ccntres 4in the main end 8CCEBEOrY
oltactory bulds are e‘samtivally ldentiesl with those of "othver ‘
_macroemstic mammals. Secondary olfactory céntrbg, defined |
as thoge réétons’ vhiéh receive v'ﬁbrea 6rlginat1ng in the_. nain
and accessory bulbs, are alsé dr:the uau&l pattern; Th@#_
1ne1uda'the antefidr olfuctbny nucléus. the olfactoéy tubércle,"
“the frontel and temporal piriforn cortex, thernuelena of |
the lateral alractary tract and the eortical anygdaloid
.nncleun. S % - ahnnld.he polnxed ant that in epite of
dirfarancon in terminolﬂgvg all thase rewicns, with the possible

- exception of the nucleus of the ateral ulrz*ctory tract, cen
h”jba claaaiftea-aa cartlcal in type. They are all fun&amantally

similar in prasanting threu nain lanﬁnaa - molecular, | |

"   pyrau1aa1 and polymarphﬁc - and in ull of . thsm the ‘specific
- at'temta from the olrac.tory tuld ite m the nolecular 1ayer,

synaptic contacte sre alnaat certainly nxademdritie in type. 5

'frogather they forn an emtenaive paleo-eortlaal area which

x'reaehea into the olraetary peduncle g8 the anterior oltactnry

"nneleus. In spite of difrereneau such as the presance of
1slets of Galleja in the olfactory tu‘bercl.e, the common
-featurea provide ample justification for classitying all

theae structures together, -
The only other cortical ares which has been studied is
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~ the entorhinal, This 18 well devalopeﬁ in the coypu but
differs fronm the paleoecortical sreas in the absence of
secondary connexions from the bulbs and in its more cdupl.ex
and very eharacteristlc cytoarchitecturel lemination. These
features may Justify its clasaiﬂcaum as intermediate
between paleo- and neo—eortox.
The other structures cmidered. the aeptm medially
snd the smygdala lstorally, are nuclear in charscter. The "
eeptun is well developed end ite major subedivisicns, a8
_ described 1in other nasmals, can easily be reccgntsed bat it
:ozd.d not bs possidle to Justify, on the bmsis of the preeent
‘material, a sub-8ivision lnto as many different nuclei as those
wentlfied vy Aixdy & Stephan (1959) 4in the gilugo. it 1»
very 4ifficult, however, in uaking compariccns, to say how
| far Qifferences may be e to dif‘t‘armt subjective
preconceptions of how marked the varistions in cell type and
‘density of pacting must be before they justify identificstion
as separate nuclei. | |
The amrgdala is alao well devaloped and can certainly

‘be dascr:bad in the same terna a8 are uned for other mamnals,
| The major sub-division mw coruco-nedial and haso—lateral

i g:‘mzps of nuclel is easily astahliahed. The finer
. unb-ﬁ;viaim run up against the difticulty that mn;v of the
B described zmclei are extmniel_y 11l-defined ém! often blend with

_' surrounding structures. It is susgested that the cortico-

anygdaloid nucleus snd the trensition area to the piriform.
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cortex are more naturally élasaed with the other paleo-
cortical structures of the basal rhinencephalon snd possibly
the same can be uaid_bf the nucleus of the lsteral
‘olfactory tract, - Gf.tha iemainlng amygdalai&:nuclei only
thO‘létcral nucléua is cléarly dofined‘cytoarchitecturally,
although the jggno—oallnlnr part of thc besal nucleus‘li‘s
cloﬁély.asaociated with it and could easily form its ventral
part, The small celled, so-called medial part of the basal
nueleus is so different from the nsgno-eellular part and
- 80 cloaoly relatga to the_neﬁial and cortico-anygdaloid nuclei
tbat‘ii could reaﬁunably'be:elassiriad with'thg'latter rather
than in the bdaso-lateral group. » The central nucleus is
very ditficult tu‘séparate from the overlying putamen and
the name "anter&or amyxdalald ares” clearly 1nd1catea the
- 1lnok of clear—cut buunﬁariea in this ragian. ~ The '
eanventional classirication of the amygdnloid nuclei is dbased
an Johnatan's embryaloglcal anﬁ evnparative aratonical
'dblcrvatiena, but recentlylxoikegami gt al. (1955) and
Kolkqgami (1963) have pointed out that this may be unaatisfﬁctuw
| rroa a8 tunctianal polnt of tie!. They asree that the large-v '
cellaﬂ part of the baaal nueleus should be grouped with the
',1ateral nucleus decause it han adtanaaic and extrnopyramidal
rnnutlonu. The amall-celle& neﬂial part on tha other hanﬁ,
- they consider shaula he alasned with the neﬂial and cortical |
nuclei which carny out autonouic tuncticno only., In their
' view, the baso-lateral amygdaloid muclei (the stristal part

of the amygdela of Holmgren) form the amygdals proper. They
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‘accept, however, Holagren's definition of the cortico-medisl
nuclel dbut 1ne1uding the spallecelled part of the dasal nucleua.
es a aﬁb«pullial part of the snygdalo. '
| | There is alco the question of the relatxonahip of the
anyglale to alfactery funption. It is generally stated
~ thet this is loceted mainly end perhaps exclusively in the
cortico-medinl group of nuelei, Some doudbt is thrown on
this by the observations of Breathnach & Goldbdy (igsu) that
 these naclet are well devéléped in the anoématic porpolée.v
There is in fact little correlation between the relative size
of the nuelearAgraup'atfa whole and the abundance or sbsence

of olfectory tract connaziaﬁn.”' When such connexions are

| pregent, as ie the case 1n'a11‘b&t anosmatic mammele, some

reach the cortical nucleus but the spread €o~the cortico=
mediel grcuﬁ‘aa a whole id¢guast1dnab1e ahd #ill be discussed
later, S | ) |
- The varied diatrlbutian of aeetylcholineaterase in the
- basal rhinencephnlun nakes poaeibze aome rnrther diestinctions
anong the atructnras eaneenne& In the paleo«cortlcal
ragions. all of whlch.recaive aecnndary nltn&tory'connexiane.
only-the olfactory tuberela snd the nucleua of the lateral
_olfacto:y tract are strongly positive for the engyme and both
‘these regions cen be regerded as specislised from the
'extoarchitecturalrpoint oryﬁiew.-‘ Th&»hncleus,of}thp lateral

olfsctory tract is less cortex-like than sny other part of the
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paleo-cortex and thc tubercle contains the very |
characteristic islets of Calleja. The concentration of AChE
s an adéitional resson for separating thea from other paleo-
corticel areas, A mz;ther_d&st'inctim l_ietween the
entorhinsl and piriform cortices is also established by the
concentration of AChE in the sécond 1ayer of the former end
its almost complate absence from the whole of the latter. In
the amygdala the ACRE. dlatribution gives some Justification
for geparsting the dasal froa the lateral nucleus, in that
the basal is much more strongly poéitha for the ensyme then
. the loterals. | o S

It may be concxuded tlmt tnene preliminary obnewati«ma
| i ——psiasns. indl05te 3
general sinilarity between the coypu and ather rodents so far
a8 the distridbution and 'behaviour of AChE 19 coneerned and at

least eat.abneh 8 caae for nore extenaive study.
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The fidre connexions which have been studied can be
discussed under three main headinge, sll with reference to |
the olfactory dulb: |
le The alfactory tracta.
24 oltﬁctory_eonnissural couponent, and
3. The conncxions of the anygdaln.

‘1. The olfactory tracts. lLesions limited to the bulb, with

or tithout 1nrolv£ng the accessory buIb, lead to degeneration
i in the laternl olractony tract only, These fidbres are all
dzntribntod rith&n the moleeular layer of the palco-cortical
'formatlonn deacrdbed abave, althnugh they were traned only
to the antaru-lateral parts of ‘the olfactory tubercle and
the eortical anygdaloid nncleun. Xone can be traced to the f
septum, nona to the hippacampnl rormatign, and althongh |
few may raaah the anteriorrmargin of thc entorhinal cortical
area, their nuiber is so small that they can harﬁly be
congiderné,signirieant. | Tcrninat:uns or secondary oltactory
fibres in these sztuaﬁms have been confirmed by sll other

- 1nvastigators whether uaing the ¥arehi, aleuc or Nauta

'hiztnlogienl teehnzquan. It should be noted that all
experimental inveatigatzuna also agree in finding no eridenca ,
for the ppeaence of a medial olfhctory tract carrying :econﬁany '
olfactory fidres to the aaptu- or related atructurea. | .
W“hether soae or all of the fidres running to the olfactory

. tubercle ahouldcbe,callad an intermediate or aceeaaory
olfactory tract is merely a'-attcr of terminoiogr; Thafe_
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seems no need to introduce such a tern st least in the coypu,

An tmportant point s the eboence of significant
degeneration from the olfactory cowmisaural canponent when
_ the lesion 1s confined to the bulb, _ Attenpts at complete
_ bulbar sblation almost inevitably cause some damage to the
}‘anterior'olfaetofy’nuclaua, the rostral part of which extends
into the bulb and;it is only when this structure is damaged
that degenerntion appears 1n th& ulfactorv commiaaural
conponent. A1l efferent fibres from the buIb,.whether‘coming
from the mitral or the tufted cells, run superficially in the
_ lateral olfactory tract (rag.yiea); In this conclusion the
present work is 1n agreument with the early dbaarvations of
wvan Gehuchten (zsnh) ond the more recent studies of Young
(1941), Both using the archi method, - It 2lso agrees with
those of Phite (196&)¢ Luhman (1963) and . others mho used the
. Faute technique. It appears therafare that in atu&izs in
~kwhich degeneratian has been found in the olfactorv commzeaural
' component uftar what are ulalnad to be pnre bnlbar lesiona,
- this rssult ia ane to anaociated damage ta the anterior
olractory*nucleue which haa nat baan allo'ea for, ‘ ”his
| point wlll be diaeusaea fnrther 1n the next aactinn. ;: 

‘ .Q.Q.;g;. | Unequivocala
degeneratian 1n the olractory commisszral campunent is fnunﬁ
‘only when the antericr olfactory nncleua is lnvolved

4n the lesion {with or without insozvenent of the
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rig. 108, A drawing of the ventral surface of the coypu brain

to show the sccondary olfactory connexlons,



| A - 183 - A
cif_aetéry,bnlb)v.un).ees this comnonent or the anterior ,_ commissure
~1s demsged ﬁirectiy. Its £idbres cunnot thérerare come etfher
from mitral or,tnftéd cells. This conclusion docs ﬁ§t~agree
wlthlthﬁt of,¢eja1A(1911) and later élliecn (19535) who thought
that two relsiively.lﬁdependant pathways for bulboefugal |
" éomexxom;_‘ could be demonstrated: s mitrsl cell-olfectory
tract syétem. and & tufted call-ghter;pr'cOlniasure systen.
Cajal, however, ndnitted thet the sxons of the tufted cells are

finé and difficult to follow thrnugh the maze of fxbreauzn the
inner layers of the buld and the reupabrp&n chengese in tufteﬂ
eells artar lesiona of the anterior csmmimaare, re;orted by
Allison, are not vcry markad.  Allteon emphasleed the varisble
appearance of theae celle even in normal preperntions, and in a‘
later paper polints out that "the oonurrance of retrograde
atrophy rath@r thar camplete callular degeneration can ‘_;
presumnbly de attributed to the axiutence of well-ﬁevelapca |
eollaterala in the bulb, whlch remain zn & partially. S
runctional condition after the maln axons ere destroyed"
‘(Alliaon. 1953b). Thﬁ'halunce of evidence 1a‘h6W‘htrohgli
againat an origin of ftbren in the ant&rior enmmissural
component from tufted cells in the ‘bulb. L

' The f!br&s of the olractory oammiuaurnl conponeft are | |

: ,qiatributad to ths deeper layers of the tubercle snd piriforn
 '¢6r£ex.on the same side, and, after croseing, to the sane

. regions on the opposite side end to the eontra;lnteral bﬁrb.

In thie conclusion the present work s rees with that of Tox &
Schmitz (1943), Cregg (1961) snd Powell gt nl. (1963). The
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fidvres wiiich reach the_opposite}ﬁulb‘dnd moinly in the
internal granuler layer but alao. an'deaérfbed'by'othera, in
pars externa and pars principalis of the ‘anterior oltaetory B
nucleuz. particularly dorsally (see Fig. 109). . The preaevt
experinenta alao suggest that bulbo-petal fibres arise frcm
the.bnaal areas of the brain end not only from thcv0ppoaite
snterior olfactory nucleus, Sueh fidres terminate mainly in
the internal grenular layer»bnt a few can be'traced to the
external plexiforn layer and to the periglonerular cells._.
The material indicaten that the najority of bulbo-petal ffbrea
traval-vith the olfaetarx commisgural component btut a few,
~ probably those reaching thé‘periglonerular layer, mey travel
in the daaper layera or the lateral oltactory trect ae
- demonatmteﬁ by cragg (1962) and Powell & ‘Cowan (1965). The
:exact origin of tha bulbowpetal fibtas that arise trom the
‘base of the ‘brein cannot be deternined from the present work
1 but the dbuervatiena of Towell 5&,3} (1963) suggest an origin
‘mainly in the olractory tubercle and the frantal plriform
 'cortex. - |
| All these dbservations ahow that the alraetory cnuponent
of the anterior ‘comnmissure ia not a Biﬂple interbnlbar
counisaura s& described by cnaal. nikv thu sub-cortical white
(latter elsawhere it e n ccuplex éf aacoezhtianal. couuisaural
and docussating tibres which 1nzerrc1ate the diffarent parts
of the basal rh:nencephalon on both sides ofrthe brain, The
fidres which end in the bulbs may represent the,fteededckf;
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Fig., 109, A eemi~diegrammatic illustration of  a horizontal
section of the brain to show the olfactory commiesural
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 aslso distributed to the olfaoctory
tubercle and piriform cortex both ipsi« snd contra-laterally,.
The experinmental findings suggest an origin of some of the
£ibres from these latter structurecs,
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mechanism postulated previously by Allison {1953b) end by
Rerr & Hagbarth (1955) on electrophysiological eviﬁenée.

3. o The dletribution of
aaoondary olfaotory fibres to tba arygdale will be dlascussed
more fully because of the difference in our findings from
those obtained with anoiher silver method (the Glees technique),
The dietrlbutian of lateral olfactory treact to the nucleus of
the tract, the enterior amygdeloid area and the anygdaloid
tranmitioh aren has deen described, seneréliy by all other
inyentigatars_nﬁﬁ'aitaw rtbr§n3§pread medially‘ih the nntaro~
lateral part of the corttco~émygﬁaloid nncléua. There ie no
evidence of connexions in ‘eny othev part of the amwgdala of
~ the aaypu. ' Tha endinge ore mnntly axo-dendritic in type,
The abnance of deganaration from the baao—lateral
"anygéalaid nuelai is alao in sgreement with the findinga of all
 ‘other 1nveatigatora. This is not so with the abaence of
“ﬁageneration in the centrnl, medial and tha grester part o. tha
- cortico~anygdalold nncluua, anﬁ 1n the hed nnnleun ur the stria
:7Ttarmtualzag Workers using the Glees sixvar method have
found aaoan&ary olfsctory term&natians in all theea ndtuations.
notdbxr Le Gros Clark & Meyer (1947)in the rabhit and to a lese
extent ﬁlziaon & Meyer {1949) in the mnnkey. and Adey (1953)
in the phalanger. It ie not likely thet the negative '
findinge in the coypu can be explained as the reeult of a
technical failure to stain degenerating fibres by the Nauta
‘teehhiqﬁe,A Palee positives are commonor than false negative
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- reaulta w&th thte method, our apecnem 'were all eoneietant,
and were studied after aurvival periods which varied trou
7 to 56 days end in other situations all showed clear cnt-
anc characteristic evidence of deganez-ation. if fibres from
the bulds ran in gigniticmt nusbers to the centrsl and medisl
‘nnciei;and the bed nucleus of the stria terminalis, it 1s |
éxt,remel_.y unlikely that thgsir degeneration products would have
r_enained unstained, It'haﬁ bee:i emphesised earlier that the
Glees nethod tends to give inconsistent results in dirferent
_hands and recently’:.t ias,pértiéularly stressed by rowell &t al,
'(1963) that 1t tends to show peeudo-degemcration bilaterslly
“:I.n oertaxn regions of the brain which nre pertinem to this
atudy. ﬁomover, nogative fs.nd.tnge as in the coypu have been
reported n recent years by nearly all suthors using the
Heuts technique in different mammale nngmg froun rodents to |
primetes. The balance of the evmmce ie therefore very
‘strongly against the ternination ot‘ any aecondary olfactory
fidres in the deepar nnclei. of the amygdala, '
| " The experiments in which the inteh-tgapor;\l component of
‘the Vnnterlo‘r .cmiamre has bebn t;rané.ected juat lnteral t> the
T ua-nne gave intemattng reanlta coneerning sone of the
mygdaloid connexi.ons. It carﬂes gome mteruamygdalmm
£ibres (as ghown 'by fmaphrey. 1936), but only o few are.
connected with the ‘baao-latgml‘ nuclel, as pum_tad‘out by
Brodal (1948). Host of the amygdaloid conncxiom‘ aée found
in the stria terminelis and the 'longitudinel associetion
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dbundle', In the older literature and in & fairly recent
deaeription}(rox, 1943) the stria ,tgrmﬁ.nallp{ was considered
to de the major psthway from the anygdela, 7The present work
‘shows that it aleo containa anygdalo—petal fibres in accord
v-with the dbaarvaticna ‘of Feuta (1958) and Shute & Lewis (1963).
~ Ceudally directed fidres of the °longitudinsl association
»'bundlc' 4n the coypu are even more numerous (as mentioned by
~ Powell g;_g;.. 1963) and they appear to terninste mainly in
~the large-cell parts of the 1atera1 anﬁ.basal anygdaloid nuclel;
a fet pass ‘laterally to the deeper layers of the temporal
. pirifors cortex, Whether the rostrally directed fibres
‘i_bf thia hnn&ie contain ribrea froz the'amygdala only (as
;_vﬁeseribed by Hauta, 1961) or alno fibres fron the plrifcrm
‘cortex as well es the am:gdala (as descrided by Powell.g;_g_..
‘1963) cannot 'ba said aaramtazy fron the coypu material
 ava11ab1e, - vhat bﬁﬂOﬂG& elear. however, from all thege
ﬁ dbaervatia&a, 19 that there 18 a very dvfinite and profuse
reciprocal relatianship between tha qmygﬁﬂla and the
: hypothaianul. This would appaar to be of much greater
| fnnctzonal signitioanoo than the very acanty aeaondary o
~ olfactory oonnaxiana, and would be in aceord with the
Hperaistence of a uell develnped amrgdnla in the anoamatie
 porpoiae (Bresthnach & Gol&by, 195&) and in microamntic man
”(croaby & Hunphroy, 19&1),1 It 1a 1nterastxng to note hera
that in dne of the experizents with retro-bulbar lesions

cholinesterase activity disappeared only fron the ipsi~lateral
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nﬁcleus of the lateral olfactory tract‘and yaa-unéhanged in
other amygdalold nuclei. , .

The above :entioned findangs are alao in accord with the
‘neurophysiological observations of Fox et al. (19u44) who report
np‘pbtentiala'rrom the aﬁygdalqid nucleigafter‘atimulatiun of
 the olrécﬁbry buld, They havé.'however, recordec potentinls
from thefpncleue of the lateral olfactory tract, Pinally it
can aleo be added that rats (Swann, 1934) and dogs (Allen, 1941)
- with bilateral destruction of the amygdals still retain the
"raculty of olfactory diacrinination. | o

%tinnlation of the amygﬂala doen not give consistent
results conearning the localisstion of runction 1n the
cvtoarchitectonically defined sub-nuczei.’ It &?Gedra
hovever that the antero~medial divlsian»rea ands with sutonomic
and somatomotor eff&cta, and the lateral divieion with various
B behnvioural ehangee. Rpcevtly Green. Clemente & De Groot
»‘ (19m1) demnnstrated that leaiona confined to the amygdalﬁ did
not alter sexusl behaviouv und that a state of hypersexuality :
cccurs ‘only when the lasion involvea the pirirorn cortex '
a8 well. . orallig“_gl (1963) have shown that the piviform |
;cortez sends 8 aubszantial projectinn to the hypothalamue,
thus providing an snatomical baeis for the welleknown
krelatiunship between olraction and reproductive behavimnr.
k?hene suthors heve also shown that the piriform ‘ortex aenda.

some tertiary olfactory fibrca to the‘auygdala.-

A detalled study of the £ibre connexions of the sestun of
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the coypu brain hos not been undertaken snd the few findings
ca:: be Bnmmariaeé 86 follows; In onec experiment, with « lesion
in the anterior olfactory nuéleua.raome,ﬁagenerating fibres
were seen péasing in the medial fore-brain bundle to réach the
lateral hypbthalamic area, as described previously bj Young -
{1936) and Lohman (1963).' On their way they run very close
to the nucleus accumbens sertl and the nucleus of the diagonal
‘bend, end there is an indication tﬁat gome mey end anongst the
cells of these nuclei. The few expepizents in wiich the
aeptal :egidn wan danaged directly slso indicsted the presence
- of septo-snygdaloid connexicne yis the diegonal band of “roca
and the 'lﬁngitudinal sssocintion bundle' as dexcribed by
Powell gg_g;‘ (1963), Although ﬁo secondary olfactory fibres
have ever béen_traced to the septunm it appears to receive some
tertiary bltactory fibres from the anterior Qlfactorg'nucleus
ahﬁ‘prdbébly from the oifactory tubercle, The close
st ructural relntionghipe between the aeptum,'amygﬂala,
hippocampus and hypothalamua 1u 1eadinp many suthors to sugscst
.the ponsibility that they forn an integratwa mechanism wiich
13 not necaasarily éominated by oltactory functian.

It has beon mentioned in the introductory peges of thie
'vtheiia that if the tern "rhinencephalbn" is to be used at ally
1t is important that 1t should be definecd preciaqu in |
morphological terms as emphasised in & recent nublication by

- Brodal (1963). A possible morphological critcrion would be
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the direct reeeption of secon&ary olfacgory fidbres frox the
bulb._ The only structures which ‘undoubtedly re¢eive such fibres
in the coypu and.other mammals are the anterior olfactory
nuclens;folraetory tuberele, piriform cortex, nucleus of the
lateral olfactory tract and the antero-lateral part of the
cortieal snygdalolid nucleus, Thev, together with‘the buldb
could form a preciaely detxned zhineneephalnn which would

exclude the septun and most of the amygdala snd or Rroca's

‘1imbic lobe, Even so, the term ”oltactory systea” rather

then "olfactory brain” would be uore awproprinte since thc
latter tera 1nclnﬁea embryclog;oal_1g911cat1nﬂa. o
It is relevant here*to‘rﬁfer7toithe following statenent

“by £1liot Smith (1697)3“'tne rhinencephaion certainly fulfile

other functions than that of a amﬁll centre. gince parts of

| 1t,exiat 1n‘anonmatic gctaceans.. If we use thie tera,

therefore, ﬁe will e et by the'para&oxiééi statement that

ﬁanell~loaa animals still possess & "emell brain“ ‘e The

'  tern i atill widely used however and 1n a recent pﬁblieation on
~the anatomy of the rh;ncncephalon Gastnut & Lammers (1961) '
| detbnd thzc uaa&& on thé‘practichl'grnﬁné that 1t'ié‘undera£ﬁod
,even ir 1ncxact and parpetnating a very old error, - It should

/' however be etated that the concept nf a rhinencephnlnn hns

’ ~been greatly moditled in the reeent yenrs. owing to the evi&emce

for restricting the‘g;ggggggx_ggggggg to certain parts of
the'baae of the brain, The 61factorj centres no longer include

~ the great limbic lobe of Proca and its sub-cortical cell

stations (emygdals, septum, hypothslamus, anterior thalsmic
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nuclei and perhaps the epithalamue). ‘Recently iacLean (1952),
who hae elaborated the theory of rapez (1937), maintesined th:at
the limbic lobe of Broca and its évb—cartical céll stations
forma o ayatew which 1s concernea with =& variety of enotional
and viacaronatic reaetions, and he nosed it the “limbic .
system”, - Earlicr he rcferred to 1t a8 the "visceral brain”
andé this wae,done,?tc help dispel the notior it hed prissrily to
do with the sense of smell"(ﬁaoneaﬁ, 195&). " All the recent
experimental, anatomical and physiologicel data sre -in favour
of vacnean'e ideas, Accor&ingly 1t ie suggested here that the
structures previoualy 1ncluﬁed under the comprehenaive term
rhinencerhalon ean be anbadiviﬁed to form s strictly “elractory

ayatcm" as defineﬁ ‘above and a "limdbic syatem“ w.ich is5 -

o concerned,mainly with vlaceral and bahaviaural mechanisns,

The atructurea which nake up the latter ayatem are found in all
‘]jnammals whether they te msorosmatic, nicrosmatic or even ,
- anosmatic, some being aetunlly bettev'develape& in higher monmele
with a much reﬂuaeﬁ olfactory syatem, The amygdala for
cxample reachee its gruatgat developaant,in.the micpogmatic
 primates and ﬁrbﬁal'{19h7a) aleo émphasiaea the noneolfactory
ffhnétion-af the4hinpo¢ampuu by reteﬁring to ﬁose (1936).v.'ﬁose
katatea thﬂt ir comparisona are made hﬁtv?@? the Eia@ of the
olfactory bulb and the hxppocampua in various marmalian speclen,
the extreme paaition 18 occupiea by Wnn, who haa relatively
(and abaolutely) the largest hippocempus. From his ‘
cytoarchitectonic study Rose concludes that in nen the gyrns
hippocampi {including the entorhinal erea) is no rudinentary
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,atruetnre but, so fer as certain suh-diviaione are concerned,
- even a speclfic ‘hunan organ. In conclusian 1t muet De
emphasiaed however, that all these structures are very closely
 re1ated to the secondary olractory centrea and the majoritv
receive tertiary olfactory connexions.‘ ‘It can de aaid that
a aouewhat attenuated olraetory influence reaohes them, to be
correlated with the vgried information wiich comes fronm other
sources. Beﬁry g&_g;; (1952)fnthed thétVAction'pbténtials’
may be recorded from such structures és1t$é amygda1§-ana‘x
hipppcampﬁsAvhén the olraétbry.bnib of tha~c&t»is'é£imulated o
with long puleea. The lang conduction time, hm*.ever, suggesta
a,aultisynaptic pathway,» It nust also'be atateﬂ that aimilar |
potontials have been. racorded rron aueh widaly dlatrlbnted
projeetion ficlds as the oarpua atriatun and even the ‘
rcerébellum erd other rugions which have never been ccnsidereﬁ
as parte of a rhinenceﬁhalon. | 1t the tern. ia to be applied
to all parts of the bratn which may be influenceﬁ, however .
'indirect1y3 by olraatary function, 1t ivuld aaem to have little
‘fvnlue. An}aﬁbitrary llnitation unat be aﬂopteﬂ and defined,
_ ond it 1s suggested that o imitation to the primary and
‘Laecundary olraetory centran in the faredbrain woulﬁ be the

| moet appropriate.
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ARPEEDIX. L
(surgical procedure)

Ansegthepin
. Ether by inhalation was the anaeathetic useﬁ in all the

experiments,  The animal is picked up by the tail and placed

in a wooden dox through which air, saturated with ether vapour,

ie pumped by means of a foot-bellows, After the animal is

transferrcd to the operatiﬁg table, the ether anaesthesla 1is

then nalnxained throughout the operation by neans of a

conlcal mask plaeed over the snout, Fremedication with atropine

or nembutal was not neeeuaary and the animels did not show

slgns of excessive mucous soeratlona in all operations which

sometimea extended up to 1} hours.  Recovery from snaesthesia

wags very quick and no post-operative conplication nor death

occurred in nny of them, o ‘

The akull 13 expoeed by a mid-line doraal 1ncisian
extending from the framto-naaal to the fronto~par1eta1 sutures.
The perioateum 18 incised in the mid-line and detached to the -
- left, Vhen the olractory“huxb is to be ablated uranial to

S tha accessory butb then a emull opening is nade in the ekull,

, 'bw'neana of a dental arill, hnlf&iay‘betweun these two sutures
- 8lightly to the left of the mid-line, = This point lles elmoat
exaetly over the middle of the»olfactory bnlb as studicd from
& sagittal aeeum of the head of the coypu. Fig. 110 shows
thg relatianahip of the craniel sutures to the diffcrent yarta .

of the bdrain, The dura is then opened end the excision of

~ the buld is made by an 1ridactoay'kn1re and then the buld
~scooped by means of a meibomian cyst scoop. Sometimes the

ablation was made by tharna»cautery, and occaslonally suction

was used. Haemorrhage following the removal of the buldb wes

elight and readily controlled, By using bone wex or a piece

. of temporal muscle, haemorrhage from bone during drilling
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was contrclled without sny @ifficulty. For making a localised
lesion in the aceesnory buld thermo-ceutery was used and the
site of arilling is shown in Figure 110, For making lesions
in the anterior olfactory nucleus the drilling wae made elightly
~caudally (Fig. 110) and the olfactory pedunele was anproached
through the frontal pole.

This wWAS dune by 1nsert1ng 8 narrow znife blade either in
the mid-line or a few nillimeters laterally et the level of
the comaissure, i.e, about the level of the fronto=parictal
. suture of the ekull (Pig. 110). The knife was inserted to a
“depth of 15 me, from the ‘outer surface of the skull, a distance
which would cnrny 1ts poznt e 1ittle wventral to the level of ’

1‘  the eanlissura. - An antero—poaterior cut was ‘then made through

a distance of dbuu% 5 nm,
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Tip of bulb = F,N,5,=12 nm,
FoPele = F.N..S. =33 MMe

F.lNeS.=Frontonasal suture

.P.S.=Frontoparietél"
suture

\ B=liain buld
A=Accessory buld

Ceesoss el ) NeAnterior olfactory
. e nucleus

Coite=Anterior
commissure

¥ig. 110, A scale drawing showing the dorsal surface of the
dbrain supcrimposed on a drawing of the skull to show the

exact site vhere drilling was made for performing the surglcal
lesions. X 2,
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(Neurchi at%cmques)
Zoluddine blue methog (modified missl steining)

1., Fix tissue in 107 formalin (or acld alcohol)-
2. Haketgallgidin section 30 ;1 thick (or paraftin 10 g
' geciiongj, .
3. Put sections in 1 toluidine blue snd 1 borax (i=1 u:nnte).
4. Rinse rapidly in water then transfer to 70" slcohol
| (2 seconds),
5, Differentiate for 1 second 1n Gothard'e differentister :
. (pure creosote 50 ml., Cajupiit oil 4O ml., xylene 50 ml.,
| absolute aleohol 150 ml,) + chloroforn when using
' eelloidin, -
~ 6+ Back to 707 alcohol snd so on until properly diffcrentisted,
7. Transfer to gbsolute alcohol + chloroform for a few ,
‘ seconds.
8. Clear in xylel,
De Ionnt in baleanm,

_(nissl bodies blue against unstained cytoplnsmic backgraunﬁ;
nuclel nanrly cnlonrlcsc - axcept for the nucledly)

1 (for stainingvmyelin shcath)

1, Pix naterial in 10 foramalin,
2. Cut celloidin section (20=40 ;:) and atore in 70: aleohel.
3. Bring sections down to water and mordgnt theu in ,
. saturated iron alum for 1 hour st 56°Ce =
Qe Tash tauronghly in dietilled watcr and stain ror % hour

at 55°C in: 107 aleoholic haenatoxylin 10 ce; distilled
. - water 90 eec and ssturated lithium carbonate 1 cc,

‘5« Pass through water and dirrerentiate in aaturated iron

- alum solution,

.64 Wash well in mater and dzrrercntiate sgain in: Yorax 2.0 Eeop
- potessium ferycyanide 2,5 g., 4istilled water 200 cc.

- Te eaeh :poroughly in distilled water, dehyarute, clear and

L ﬂm.

- (Blue myelin sheath againat ) eolourless bnekground.) 'i'

. F&x by perfnsion with 10: formal in 1sctan1c aodiwn
, ~ sulphate followed by 7 hours in the sane fixative at 4° Ca
2s lmmerse the fixed tissue in 207 agueous alcohol over-
. ‘night 8o as to iaprove the section-cutting. o
3., Pipette about 1 ml of filtered 1ncubation medium into
_ consecutive cups of a large ‘Perspex’ tray. The

3gg§§§§§§gagg§;gg is made up as follows: dissolve 100 nse
scety ocholine lodide in 4 ml, distilled water,
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Precipitate with 7 ml, of ¥/10 Cuagk Adé the initisl
portion a drop at a time shaking er cach addition,
Allow to etand for 10 minutes after completing sddition
of cusqu Centrifuge at 2,000 P.paits for 15-20 minutes,

Pipette off 10 ml. of supernatant snd add to it 62 mg,.
glycine, Then the glyeine haes dissolved add 2.5 =1,
/1 sodium acetate to give a pH of 5, iake up to a total

_ volume of 50 ml, with distilled water.

4o Cut frozen secticns 25-100 1 thick snd transfer each
: section with a brush to the appropriete cup.
5. ¥Keep the tray st room temperaturec. The incubation time
'~ gould be varied between 3 to 6 hours {thicker sections

. need less time),

6. Rermove incubation medium with s pipette and vash tvice,

Te Tragafer aectiana ‘to a clean iray and wash with dietilled

waLer,

8. Rerlsce the water with godium @ je solution prepared

by dissolving 2.5 g. 806 .phzao in 110 ml. /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 dietilled water, o
10. Mount gectione 03 albunenized slides d4dry, then store

; overnight at 37°C. Take them directly to abeolute

aleohol, xylene and ther cover in neutral balsanm.

(Brown deposit of copper Qulphide'in cholinergic neurones,)

1. ¥Pix the brain in 107 necutral forzalin for 2 weeke to
6 months,
2+ Cut frozen sections 15«25 e
3.* Hount sectlons on gelatinized slides pnd flatten them,
4, Yeeh br1erly in diatilled water, =and soak sections in-
0.5” phosphomolydbdic acid for 30 minutes,
' 56 Tithout washing, transfer sections to 0.05% potassium
’ pernanganate for 64 min.,
6. Assenble sections in distilled water and decolourize in
| a mixture of equal parts of 1° hydroquinone and 1° oaxlic
acid, 2 minutes,
7. ‘ash thoroughly in 3 changea of distilled water and sosk
. sections for 15 min, in 1.57 silver nitrate,
8. From here on transfer sectione individuslly. muick wash
© 4n distilled water, and trensfer gectione to a mixture ors
silver nitrate 4.5, ethanol 10 =l., strong ammonia :
243 ml,, sodium hydroxide 1.5 ml, 2.5 aq. Canly Zpin,
_ - in this aolution.
9. Transfer the gections to the reduclng fluld (aistilled
water 400 ml,, pure ethanol 45 ml,., 10;: formalin 13,5 =l.,
17 aqueous solution of citric acid 13;5 ml,) 10-15 min
(e brown colour will develop within 1 nin.)
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10, %ash bdriefly, then pass the scetiong through 1’ sodium
thiosulphate for 10«15 min,
Waeh in 3 changes of distillecd water, up the alcohols to
xylol, and mount in dalsaxn,.

¢ In the originll technique the sections are mounted after
staining, _

(The degenerating axons are sta!ned black and show typical
drop-l1ike dlsintegration with the normal axong staining drown,)

1. P:;fuge ghe brain with 107 foraslin then carefully remove
e brain,

2. Pix in 107 formalin for 24~-48 hours and then cut small
dlocks (not more than 3 mm thick),

3. Place these thin bPlocks for 7=-10 days in the-following
solution: 17 potassium chlorate 60 cc, 1 osmic scid 20 cc,
glacial scetic scid 1 co, commercisl formalin 12 cc,

Put glasc-wool at the bottom of the container to ensure

’ unifom impregnation, ' ‘

4. VWash in running water for 24-36 hours.

5. TDehydrate thoroughly in greded alcohols. '

6, FEmbed in celloidin efter two changes in ebsolute alcohol-

7« Cut sections at 25 ¢ and store them in 70" aslcohol, -

8, Dehydrate individusl sections in changes of 967 end then
absolute alcohol,

9« Clecar in xylol sand mount 4An Canada bnlsam.o

10, nry the sliﬂea nvernight in the oven at 37°Ce
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