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ansTRacT

& series of thres exporiments the effects of
litppocampal lesions oo quenklty of REK slesp wd 3
usber of relsted neasures, e well as mamozy
consolidation in rats, “es investigated. In the fixat
pestmont dozsal hippocampal lestons, whish arkerdad
to inclufe the sepral are

signisscantly zeduced PEn
alesp astor T deprivation. Vemtral hippocatpal

lasions had vesy Titele effact. Howevor, in the second
axporiment whan oely the dorsal hippoconpus was danaged,
5o isvuption of REN slsep wes fowd. Purthax
tavestigation 1n the sacond and third exparinents, Which
sxemined the velntionsnip hetuasn the hippocampus,

nerozy consolidation and HEN slecp, found that netthér
the hppocarpus nox RENM slesp vas sssentlal for
consolidation fron shoxb-tern to long-tern msvory. These
esults gave no support to current theorles of bippocampal
Anvolvament in REM sleep ot +o theorics which suggest ehat
Ane hippocanpus or WEN slesp 4o necsssaty £0r memory

consalidation.



Ta the past the hippocanpus has leen assigned & number
of funceions 1n emotional control, reproductive drives,
cortical Bctivation, mmery wnd learning (Resd, 1969). In
more recent years ymsearch flndings have bees interproted
o dzpiicata the hippocanpus fn mokivational procecser
(Grastyan, Xarmos, Vareczkey and Rellenyl, 5466

Ranhack, 196

Rabe, 1963; Rabe and Haddas, 1968), goal
@irected bahaviour (adey, 1956; Bremor, 1964}, Snhnibition
of responses {Pouglas, 1967), snformation processing (Segshest,
Rinbio and 2ribram, 1955; Douglas and Pribran, 1966} and
attantional processes (Grastyan, 1859; 1961 Kisble, 1968).
T agaitlon, a mumber ot workers (Greesberg, Pariman,
Brooks, Mayer and Hertmama, 1968) Hernandes-Peon, 1966
Jouvet, 1963; Meirsner, 1965; Parmeggieni, 1967 Toria,
1367 3968a; 196Wh; 1968c; 1969b; 1965¢) hawe recamtly

presanted indizect, but neverthaless seggestive =vidence that

the hippocwapus 13 tnvelved in paradowical (S} or zepsd eve
sovenent (! siaay.

Rigpocanpal involvesant n B $s indiceted becausa the
hippacay $s snatomically Lisked with the pontine muclel
uhieh Jouwset (1962) hes hewn b ba trvolved In the
sagelation of ¥5. buring 75 the hipporanyus e activated by
ascending inflancas from the candal pontine nusiel over
midhrain 1inbic sireits and septo-hipposapal paths
(iotsonar, 19661, Matsonez has scated that it could be
through the coknectfons of the pontins nuclel with the
intgpasampus and 4ts related stroctures that the
neurophysiologhesl becis of dreaming is satablished.



Also, activation of the hippacempus by lestrical
stimletion or by mems of Arogs hos reaultsd i experisnces
sipilac bo Greaning. Stimmlation of the tewporsl coriax by
Tanfiela (1958) and of the hippocampus by Pamplglical and
Falconar (1960) elicited drasn-Itke exporiences or Vivid

memories. Lysergic soid diathalamide (LSD) has been shown

&0 activate the hippocampus (Chapaan, Waltar, Mdey, Gxandal,
Rand, Brazier and Mazkhon, 1365; Torda, 19685) either By
actang atrectly on 1t (Baldwin, Lewis and Bach, 1959; Seamph,
Perache and Cogulak, 1962) ox by exciting the tempecosmmonic
circuits (Mey, Bell and pennis, 1962}, Fucthezmora, 15D has
Been shown to ncrease drean time (Grean, 1965; Musio,
Roffwary sud Kautman, 1966) and to raduse REM latency

(zozda, 29.85).

Other theoxtes suggasting hibpocaspal imvolvement in 2§
have speculated on the function of Aippocanpal thets fa REM
sleep. Many Studics have shown that hippocampal thata 36
with 25 {Brugge, 19651
Jouvet, 1967 Lana asd Pammeggiai, 19F4; Okuma, Haysshi

associated, among other things

apd Pujimort, 1964). Hovever, the precis

zola that
nippocanpal theta pliys in REK sleep is not clear.
Farmeggiant (1957) prasented evidance Which suggEsted thut
hippocanpal theta servad to stabilize P5. Ee suppressed
ippucanpal theta by means of discrate suptal desions and
Souwd that the average mumber a0d mean duration of ¥S
eptuodas fall by abost 408, but only when tho antmels were
6t 15 & soundprost Toom. He interproted tha loss of FS
undex noisy conditinns ax support for the idea that
higpocarpal theta stabilizes 5. Pamegeluni slso Pointed
ous that, in Bis saptal animals, slov vave sleep was



lesa Erequantiy followed by astivatid sleep. The aninals
woke up suldenly during the flattening of the electranyostan
(25} instead of entering P5. The srabillsation theary Ls

25 supported by svidence fxom Lens and Permeggiant (1964)
Vhlch suggested that the dsstruction of lixbi affarent
athways, resuiting in a dissoeistion of Mppocampal theta

from cortical desynchronisatisn, led ta & die uption of 8,

o contrast to Pamsaggiant, Hernandaz-peon (1966} and
Torda (1967 1968a: 136aby 1566c; 196%b; 1965 have
araignad a somewhat differsnt Sunceion to hippucaspal theta
in PS. Tora (1967: 1968a; 1968b; 198Bc; 1968b; 1363c)
has proposad that hippocampal thota acted as an imhihitory
echenisn praventing the visusl conconitants of pocessos
ralated ko memory Tetsieval, antering conscious sranmess. -
Hexnandaz-Pecn {19667 han forslated a neurophysioloyical
model of Axesns and hallncinations tn vhich hippocaspal theta
activity plays wn important mle. Thie model 1s based on the
commanty held sasumption that dreans and Aallucinabions
tovatve some pomen brain mechanisns (Graen, 1964;
Harnandez-Paon, 1366; Torda, 19630). fThe model consiste of
 guiaky of systams. Accozding to Hermendsz-Pacn ho “Drems
Systen® 1s sonteally nhibited by the "Vigllance Systen®
hsch i3 in tuen tonically inhibited by the "Slesp Systent.
The "Vigslance Systen’ is remtniscent uf the function of
hippocanpal thota ae postslated by Torda (13675 196%as 2968
15680 1969b1 [969c). It would be expacted then that agosts
Which reduca the freguency of hippocangel theta thareby
brsaking down the "Vigtlance Systeme of attunustisg its
Snhibitory function should result i BS or hallucluations.
hin {aus has baen supported by a sonsiderable amswnt of



evidenca. When the frequency of hippocangal activity was

from 2-4 cyales/sacond ballucinations socorred during
wakefulness (Fords, 19686 18698} and dreaming courrad
during slosp (Toxda, 1956a1 195951, Furthermore,
inoreastng hipgocspal actlvity to § cyeles/second by b
anghetanins consumption (Stumph, 1965) abolished or
Rignificantly reduced dreaning (Rachtachaffen ang Maron,
10681+

" Bysaence derived fzom the content analysis of the
draans of hunens also implicates the hippocampus in REK
Sleep. It is well dosuuemted that dresms are often loadad
#ith amotionallr laden materisl from recent experiencas
{Bexger, Olley snd Ouald, 1562; Carvwright, Serniok,

Borowitz and Kling, 19§9) Collins, bavieon and Srager,

Poulkes an Rechtschatfsn, 198¢;
Greanberg and Lisdersan, 18667

1967; Foulkes, 1964;
Hunter and Breger, 1967y
Zane and Brager, 1967) sudgecting that thess may be Sowe
common neural mechantem underlying PS and recent memory.
Furthernors, the emotional naturs of drean contant
indicates Itmbic involvemedt in REM slsop. Evidence
Teportsd by orda (1969a; 19650) and Greenherg et i.
(1968) that the sxeans of subjects with lesions in tha
hippocanpus of relates szactuses lacked both emotional
dapth and daily residue when compared to the draams of
nomal subjacts, further supports this point of view.
In sddttion to contribubing to the amotionsl content

of draams the hippocaipus could possisly be further
implicated in FEN slesp sinca both the hippocampus {Sagsliow

@t al., 2965; Pridvam, 1967 Torda, 1967) end REM sleep



{Breger, 1957; Evans and Newman, 196%: Feliman and
20608; 1968c;
Fishbatn, Gwers and NcSaugh) Gearder, 19661 Greanberg,

ement, 1966; Pishbatn, 19694

19705 Greenbiorg and Dewan, 1968 1965: Greemberg,
Pearlnan, Pingar, Kantrovitz and Kavliche, 1970; Greenbers,
PALlarq and Pesrinem, 1963; Hewkins, 19661 Jouvet, 13631
Tucera, 1970; Newnan and Evans, 19655 Peatiman wd
Greenbazg, 1968; Swars and HoSaush, 1970) are theught to
ba invelved in information processing.

Phile the data from humn subjects susgested that
comnon neural mechanisms, including the hippocamrus,
underlle 25 and recent memory, #o camparoble data 15
avatlabie from aniwals. The tendeacy in Twcant years nas
baen €o reject the i8an of hippocanpal involvement in the

manory processea of animals (Pouglas, 1967) but there are

SELIL @ nunber of unamevered guastions. Dougles (1967}
end Drachman and Comaya (1964) pointad out thae hiPpocenpel
animais may have a memory daficit but because of the :
relativeiy siaple mature of the taska they pexiom in
expezinents 1n conpszison with hunan verbel leamning,
the antmal Jefists has noy been demomstrated,

Furthar weight i added to the axgument that the
nature of the bask i important in demsustrating @
semory gefielt in hippoomnpal aninals when i€ T
conaidesed that humsh Korsskoff patlents only - %
eftost &n the vacall of complex metrial whils more or
less sutomatic skills are ralacively well presarved

(ralland, 19501
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The avidence presentad so far indicates that the
hippocanpuy s iivolved in BS and in memory functions.
In ‘agaition there are indicetions of a cuncaction
batvagn ¥S and memory. Tha present series of
exparinents was designed to investigate the role of the
hippocanpus in 28 and Ehort-term wemory (STA) as well
as examining the connection between FS and memory.




susjects

7o all the experivents the stbjacts ware male Kooded
rate, wotghtng between 200 gn and 400 gx at the time of
operation. ALl animsls vere experimantally nelva. During
the expertmant the rats wers houxed singly sad had free
accass to fod and uster. AL antunls were kept undes
condttions of constant light xcept thove uesd in
Spertnent 1 where & nomal Say-might cycla of lishting
extated tn the aninal zoom.
Eiestrodes

he elactrodes used in the SIbt tus experinents ware
conatructed fzon unipolor Aaphenci type ¥1-8 comactors
which were moditied for use e bipolar electrodes.

na pole of the slectrosmcepnelogran (530 sleckrode,
(8. 1) wan nade by filing down the cantre pin of the
Amphencl connector kil Lt protrated botveen 2,0 W and
3,0 hm foom the base. he other pole was sonstructed by
soldextng  plece of 0,01 inch Simmel ceated nickel
chrontun vize 10,0 wm long to the base of tha cannector.
The wire vas then insulatad with poiythena tebing and 2
small oop wss made approwimately 7,0 ik fzom the centre
i, - The sssembly vas than insulated vikh Giyptal
Slactricol Vamnichs

To construck the BIG aluctzofe (ig. 2) the centsa pia
of the Anghenol sonnactor was FXled down wrei? fr protendad
about 0,5 om from the base. Wires were then soldered to
the hate ead the cantre pin to fom the tun potes of the
alactroda. Tae wires wara bent and insulated with polythens
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tabiag as indlcated in Fig. 2. The elactrode astembly
was thep ineulated with Giyptal Electrical Vammish,

Inoudatson was saraped GEE the elsctrafes at the poluts

wheze they weta to make costact vith the cotax ax neck
msctes,
Surgery

The surgloal procedures diffared fxom experiant to
expaximest but, n genezal, surgery ves camriad Gut wnder
S0l pentothal meesthesta. htroploe vas sdninfstazed
f1oe Rinutes before tha pentothal fo ansure ease of
resptration during the oparation. mrain dasage was mads
by passing a current through the 0,5 s wninsulsted tip of
& needle which vas positioned stareotaxteally. Tha
coordinates st which the nasdle was inserted will be
mentioned spacifically vhen each experinant fs described.
Ganerally the necdle served a3 a cathode and the cireuit
wes complatad by a Tectal anoda.

556 and 2HG slectrodes ware implanted sither st the
time tho Lesion vas made or a faw days luter. Oua pole
of the 5G electrads vas deplaated 2,0 A anteriar and
tha other 5,0 mm pastericr to the bregna. Both poles
Were 1,5 mm lateral to the Mdlite. The wires of the SHG
alectrode were looped throush the neck muscles and the
Aspheno. connector ested on the skull. Both electrodes
Veza sevured o the skull by peans of dental cemnt and

anchoxing scravs

wistoloy
a4 the complation of st wxperieiics the sublects vese
pezfused with an isotonioc saline sclutfon foliowad by 10%

formalin, The bralns ware Yenoved and fixed tn 208
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formalin. he frozen clssue technigue was Uzed to
Prapare sections at 50p
spparatus

m

1 experiments 75 deprivetion was.oxcried ¢ by
using the method Savoribed by Noxden, Bitchell and

Dement (1967). The subjucts were placed o an dnverted
£lower pot in a tank of water. The Glameter of tha base
of the pot war 6,8 cn and Lt ¥as 10,0 cn high. The tank
was 33,0 cn wids, 46,0 oh long and 32,0 o high. The
bottan of the tenk wes covered With 5,0 cn Veter, vhezeas
Mozden ot al. (1967) £iiled the tank wtil the water level
was Just below the Lip of tha fluuer pot. However, in
this study, it was found that having less water in the
Sank hud tha advantage that anisals could keep themsalves
cloar of the water mors assily while 3till betng deprived
OF P, Thua the problens which avive from baing howsed in
5 constantly damp envizonment are souawhat rediced. The
ok vas covered with wiza mesh whlch was waightsd dowm to
pravet the rat from ecaping. A food dish and vatex
bottle weve attsched o the mesh within sasy roach of the
sntaat.

Ta the seaond and third exparinents the tark Wis
repiscad by & bucket. Zhe dlamster of the basa of the
buckets vas 19,0 cn and the haight was 25,0 cm

Duzing adsptation and recording ssssions of the first
and soond expaxinents the rats were kept in a semi
soundproot xoom in uoen 26,0 o Zong, 25,0 cm ide mé
26,0 cn high. One mide of each cage was made of tvansparent

perspex so that tha animals could be bserved. The saimols
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Vaza separated £zom the experimantar and recordiag .
cquipaent by a anexvay scresn.

Racorlings of TEG wd NG ackivity vers made on &
Beckean Type R dymogzash with paper speed sac'st 10 am

per sacond. .
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mxpERINERY 1

muporisent 1 investigatad the effects of hippocanpal

i ilestons o PS. Since a growing body of switerce Inficates

'a funciional aissociation between the dorsal aad ventrel
hippocaupus (ey, 19647 B1al, 263; Goodfellow and

Niamer, 1961 Groes, Chorover and Cohen, 1965; lughea,
1565} 4t was dectded that the effects of lesions in Both
thase uress of the hippocampus on P ebould be exantned.



‘PROCEDURE.

surgery
ha 18 eninals used in thiv experinent veze divided
int four qrowps, Grovp T with aix vats, recesved
bilatersl lestons in the docsal nippecsapns. The lesions
Wera mato by Qalivering u 4,0 B difact owrrent o the
brain for 30 sec at the co-orfinates given in Table 1.
- Group VH siso with six antnale, maceived bilateral

Leaions in the ventzal hippocampus, The lestons wers
msse Firstly, by dalivering a 4,0 mA current to the brain
through a noedle at the eo-ordinates given in Table 1.
Secondly, the greatar part of the ventral hippocanpus was
destrayed by dalivering & curvent from a Grass Model L3
Zeston Maker through the 2,0 mn usinsulated tip of &
Blade 1,0 mu wide. The intansity reguiator on the lesion
maker vas set as 80 and the currest was deliverad for
10,0 sec. an alligator clip attached to the reflacted .
skin on tha animal’s Aead comploted the clrouif,
Graup C alac with six rats servad as operatad
controls. fhrea animals wore used &5 a centrol for
Gorsal, snd three animals as @ contwsl for vantral
hippovsapal lesions. The contrul animals ware
wubjocted to sham operations and the reedle or hiade
was insertad at ehe co-ordinates given in Tabia 1.
o currant was delivered to the brains of anisale in

the contzol group.
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the expartmental’ aninals were glven from thrda to
#ive days to racover from the opexation and then the FLG
and EHG electzodes wore fmplanted wnder ether ansesthessa.
Blectrodss were not implanted &t the same timu us the
Zeston was nads because of the high sortality xats (77%)
ataed by the ventral lesions in & pilct studz. To save
tine and oquipmant it vas decided to ensure that the
antmale would survive the agfects of the lestan hofore
; n the control animals,

1pplantation o€ the electrade
howsver, the imglonts were done'ah the sane bime 38 the

sbam operation.




hwz 2

Ca-ordinates in wm that vere wsed for lesion mnd coptrel

operations ;
Group | wumber tateral Ventral to Type of
Subjects|to bregmal  to |aurface of| electrods
#idiine
Soraal 6 33 (109254 3as | Heeme
Tesion [IECI F T
ventral & 5,28 400 1 3,75 | veedte
Zesion 6025 525 | 5,50 | Blode
Dozsal 3 25 |1,00 2,50 2,95 | teedie
Gontral. & s 28 27
Ventral 3 5,25 4,00 | 3,00 | Nesdle
Cantroz 6,25 5,25 | 3.50




Exportuental Procedure

The antmals vere given from eix o twalve days to
Tegover from tha first operation. )

Tollowing the zecovery period all the anipsls recelves
the sams experimantal troatoent for the next aleven days.
Tahla T sumarizes the procedure folloved for sach mimal.

0 cach of e two adaptation days the rats were placed 4a
Gages in the zoon uheve they wers to be tested with
rotozding uizes attuched to their HRG and BiG alectrodes,
but 7o recordings vers kaken. Bach sdaptation period lauted
for six hours, vpon hick the subjests wera returned to
thetx hone cages. Pollowing adsptation the subjects were
left in thets home cages for the thlza md fourth Aaye
While the spparatus 4n the racording room was used to tast
other wntuals.

on the £4£th and sixth days the firet and secend baselina
Tucordings were mada. Thres or four animals vere tested at
2 tive. N1 but one rowp of thres or four animels consisted
Sf a¢ least ane contxol animal, the rasalsdor of the growp
baing made wp Of anivals with dorsal or ventral hipporenpal
lestons. Tha last growp consisted of e antuals with
ventral hippocarpal lesions and they were tested vith subjects
from another slesp study Which was helng carcied out at the
tms. ALl recording Sesslens lasted for six hours starting at
ahout 9,30 e.m. EZG and HHG activity vas continunusly
monitored. Tha mnimals vaze observad constantly and freguent
notations wera mada on the Yacordiey regarding their
bonaviotral state. Tha rats ware ratumed to thelr howh cagex

Betusan the first and second basoline vecordlng sessions,
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After the second buseltne recording had baen obtained
tha anizale were setmad to thelx home cages wtil tha
Zolloving mocning vhen 3 72-hout pariod of ¥S deprivation
comenced. During the period of deprivation the sinsls
rematnad in the vater Lanks all the tine excapt for sbout
10 minuter sach day when the water vas changed, Care wam
Saken during tha 10 minutes to ensure that the subjacts
a1 not tat1 aslecp.

" ho partod of #5 deprivation Lasted wnEll the worning
of the tenth day vhen the fizst of two post-daprivation
acorings vas taken. Duskng this tize the antmals could
sleep fresly. After vecording the aniaals vere eturned
&0 the 75 dsprivation sitwaticn wheve ¥hey Temained £21
the moming of the sleventh day when the second and final
Yost-teprivation yacording was faken i the same vay a¥
the simat.

A1l xecordings vera scored visually for wakefuiness,
slow-wave sleap (55), and 3, Hote wvao takan of the lsagth
af each pastod of slecp and wakefuiness, a8 well us the

order in which the perlods cccurzed.




Traatment of antmals an each of the elevan experinental

aays

TaBL8 3

"

Day
b

Exparimental Treatment

Mapration
adaptation

Homs cage

Hona Cage

26t Baselice recoraing

2ng Baseline recording

Ps geprivation

5 aeprivation

6 deprivation

1st Bost-deprivation recording
2 Post-deprivation racording
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sesus
Bistotoqy

Histololoal analysin revealsd that botn the darsal
and vantral lastons xtended through the bipocanpus and
4ato tts surzounding structures. e dovsal lesions
vasied from animal to mimal. In four sninals the entize
o752l hippooawpys vas dastroyed snd 1o the other tve
aniy the vary posterior part vas left sndumaged.

Sibstantial Parts of the fomnix vere demages n ail of
the aninels and in addition £ive of the lostens sprasd to
the posterior septal azea. In all of the lesions the
damage spresd ventrally to the bhalamus. Dorsally the
lestons extended through the corpuy callosum into the
cortax. Figs. 33, b and © show dlagrass of a typleal
doxsul lesfons {a) is typleal of the most antertor part
of the leston, (b} {= the area where damage vas most
axtensive, and {e) shows the posterior part of the lesion.
The ventral hippacampal lesions wore more constant.
¥ha demaga extended throughout the lateral and ventral
hippacangus. The gemiculate body, aptic bract, corpus
callostm, costex and thalamus were aleo slightly damaged
as a result of the lasion. The dlagrans in Pigs. 4a, b
and o, are representative of five wimals uith ventral

lesions, Tho £irst dlagram shows the most anterior part

of the lasion, the second the middle of the lesien and

the thid the most posterios part, The brain of one
ventzal lasion antmal vas 80 extensivaly damaged that Lt

vas decided to exclude 4ts rosults fron the analysis.



W
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N C
Pig. 3. The shaded area in the dlagran shows the oxtent of
@ typical dorsal hippooawpal losion, A shows the
antezior 1imit of the leslon, B the part of the
loston where damage was most oxtensive and C depiots
the posterlor part of a typical lesion.




Fig. 4.
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A The shaded araa in the diagram shows the
snterior 1intt of a typleal ventzal hippocanpal
losion, B showa the park of tha lesics whers
Gamaga was mosh axtensive and U depicts the
poataztor part of a typical leston.




Data Analysis
The analysis of the data €ros this experiment was
based on:

the control group {G) with six rats, tha
8orsal hippocaspal lesion group (DE} with six vats and
tha ventral hippocampal lesion group (V) with fiva gat

e following veriables were analysed in Experiment 1t
the percentage of total sleep time spant having PSi (b}
the gparcentage of slesp time during each quarter of

Tecording tims spent having PS; {c) laténcy to PS: the
latency was measored from the amnet of slaep o the First
Period of 8: (4) the duration of each P8 periods {e)
the nean munber of PS Pariods: (£* tha percentage of
total sleep tims cpent having S7: (g) the percontaga of
total ravording tise spant aslecyr (h] the latendy to
slesp messured from the start of zecording wtll the
aninal showed 56 for & period of zt least 20

The lesians had very 1ittle affect on most of the
vartables that were Beagyrad in this experinent, However,
sone aifferences between tha groups did appesr. The momt
noticasble diference vas that although the groups hod
almoat the same pevcentage PS bators deprivation
considerabls differences appeared hatveen the grovpe After
deprivation (Sea Fig. 5). Group DH had the least Bg and
V8 sligntly woze, but both groues had coneiderably less 28
than Group C. This cbservation was conflumed by =
anglycla of variance [Table 3 which revesled & significant
Groups X Sessions interaction (Feg,91, 4€=2/24, P<.OL).
Another mejor difference which can ba seen in Fig. 5 43

that the controle apent significancly more of the racording
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Hean percentage of sleep time spent in
?5 and pean percentaze of reconding
time spent fn S8 for Groups C, D and
4 hofora and after deprivation.
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_TaBLE 3

Souxce tabla for the analysis of varfance on percantage

©ime sn PS data

ttmwa spent in sleep

Soutca tabla for the analysis of

the percentage

Sourca of Variance] af|  ss w5 B ®
Total 33 4896,20]
Batween supjacts | 36| 454,97 )
A (Groups) 2| 224,28} 112,34| 5,00 peior
sA 15 230,69 16,48
Within Subjects | 27} 44a3,23]
b {sessions) 1 3 [559.13 | peol
2 2] 131.63) 65,85] 8,9 ]paol
sarn 1| 103,81 7,3

TABE 4

of racoraing

Source of Variance| a€ | 8 s E )
Total 2 | 561,02

Between Subjects’ | 16§ 2196,23

» {aroups) 2 [ 1093,8¢ [ 516,93} 6,23 | p<s05
EZS 14 2162,37] 83,03

Within Subjects | 16 | 3267,78

B {sessions) 1{1198,5%12198,57] 7,73 | p<,05
a8 2] sama| 27,00 o7
/8 3 [ 2015,08 155,00
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t1ms slecping than the othor two groups (Pe6,33, 4f=2/14,
P05} (See Table 4).

The differences betwacn the groups after deprivetion
shened to be dus o the ‘brain demaged aninzls having fever
athex than shorter periods of PS. Fig. 6 indicttes that
there was practically no differsnce betwsen tha length of
P8 pertods that each growp had. Howevar, Pig. § alea
fndscates that Group Di, in particnlar, had constdexably
Zewor 25 periods than the other yrowps, slthough the group

412 not reach savdstical

a9, a£-2).
From Fiq. 7 which dspicts the percentage PS in each
quarter of the rocording session, Lt can b semn thet the
aisferences betwean the growps did not appaar st any
apecitic stage during the recording session. However;
Fig. 7 doss show that tha aninals had much nore BS in tha
aarlter stagas of the sassion after deprivition than they
had befora deprivation, This difference in distribution

of PS 1s also avident from the analysis of variance

(7able 5) which shows 3 significant Quatters X Sessions
interaction (P=28; 75, d£=3/42, paiOOL).

The latoncy to S8 and BS data revaaled that sll groups
f8a sinilar latencles after deprivation. However, before
deprivation there Wera wide variations in both tha latency
to 55 and S {see Fig. ). A statiaticnl analysis of

Latency to PS findinge (Table 6} revealed a significant

Groups % Sassions intexactica (F=d,94, &

/24 $<,05) but.
there were no statistisally significant group differances
1a the latency to S5 data.
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Source table for the analysis of the Sistzibution of 2§

through the four quarters of recording time

DT N I BN ER A
[ s el ]

sesomn Suects | 16 | 106,76

5 (Grouper o] o] ne o
8/h 14 174,71 | 32,48)

Wintn swyects | 139 | 16390,

5 (sosstons) 1| sl a2

= 2| s ser o
o Y YA

¢ (Quessors) o | 5,50 fuaer, s

p P R e

sC/A 4z 788746 | 88,75

< 5 | soss,c iesn. 3o 38,75 |pcr
»oc o] s waol on
saen @ | ] mao
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Plg. 8. Latency to 55 and P8 for Groups C, DB and
Vit under baseline and postaeprivation
eonaitions.
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Sourcs table for the malys(s of Latency €0 FE data
Souzce of Variance | df| 58 s v | ¥
Toeal 33| 23020,67

Batween Subjests | 26| 4390,63

A (Grouga) 2| 834,59 aam20| 7

a/n 1] 30s,00] 269,72

Within Subjects 17/ 15034,0¢

B {sesssons) 1| 128301 frazsz,m| 71,400pe,00
a 2| 19733] ssaise]  494fseo
so/a 14| 27%6,95) 199,78




he results of this esperimnt gave no clear indication
of the role of the hiprocampus in 7S even though tha dorsul
Jestons bt a Aisruptiva offect un PS.’ Since the dorssl
lestons included the candal septsl xea and alnce Pammeggiant
{1967) has reportad that septal lesions dlsrupt BS undex

sertaln conditions, no fizm conclusions can be drawn from efils

udy sbout the role of tha dorsal hippocampus. Hovever, it

4% claar that the disruption by tha dorsal lesions was due to
the animals having fewer yather than shorter periods of PS.
he ventral hippocanpal lssions, however ere somawhat
mize acourate than the dozsal onos and were largely confined ~
to the hippocampus. These lesions also dlarupted P5 slightly
But the differances betwasn Groyp C and Group VA were small
and rot stgnifivant.

While this exparimant doss ot olearly indicate 2
alcruption of 5 by the hippocampal lesions, it is clear
that' 58 was dlsrupted by both lesions. This finding
would be predicted by Parveggiani {1967) who reported that
the bippocanpus acts antagonistically to tha retlovlar
activating systen (RAS). In the present expsciment the
Temoval of the hippocanpus clearly reswited in a roduction
1in sleep indicaring thet the hippocampus could serve ko
cousteract the fesynchronizing effacts of the RAS.

From the evidence provided by this experimant 10
conelusions about Functlonal 3ifferences between the
Sorsal end ventral hippocampus can be &rawn because of
the inscouracy of the dorsal lesions.
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EXPERTMENT 2

n this experiuent only the effect of lesions in the
dorsal hippocempus was examined. This approsch was wzed
because the resulrs of the first experiment (ndicated that
L2 the hippocampus is of tmportance in PS, it s the dorssl
hIppocapus Which plays tha most significant role. Buk the
dorsal lesions ancroached radically on extra-hippocanpsl
styuctures wharaas the vemtral Lesions were largely confined
to the hippocanpus, Thersfore, Sxperimant 1 vas replicated
with pore localised Jeslons in the dorsal hippacarpus. “Tn
a64ttion, this expertmont was designed to,exanine the
connaction betveen PS and memory. Cahien and Dement (1366)
2nd Cohen, Duncen and Demant (1967) have shown that electro-
convalsive shock (ECS) delivered after 28 deprivation
significantly reducad predsura or P5. Dewan {1959} used
this £inding t» avpport bls hypothesis that s is invoived
1n memory consolidation. According to Dewan (1969} tha ECS
reduced PS pressuze by dlsrupting memory and conssquently
Teduring the amcunt of material requiring ooneolidstion.
Thexafors, quantity of PS could be ragardsd as a measure of
the amount of matexisl raquiring consolidatlon from ST to
2ong-tern memory (L), T€ this is 50 then animals could be
placed in learming mitsations where the corfect response s
not readily oheetvabla and an indication of the amount of
leszuing could be obtained by méasuring FS without being
hindered by the procedural and measuring dlfficuities which
nomaally aniee ln animal learning experiments. Thus, far
less aasily dofined learning situatlons could ba used with
antmels Lf PS can ba regarded as a measura Of lesTning.
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n'the experimenta reported here, tha PS deprivation
situation wes zegarded as a movel envizonment to which the
atimala had to laaxn to adspt thewselves. Mewsver, 4t
world be Very aifficult to accurately measure the learning
that takes place in such a sieustion by obstrving the
antmel's behaviour. But i€ Dewan’s (1969) hypothesis that
quantity of BS can be egardad as a weasure of amount of
learning i correct, tham some indication of learning could
be ‘cbtatned. This evidence could give soms clue a5 &0 the
rTeason for the deficit shown by animals with hippocampal
Jesions 1a adapting t novel stimuli (Leaton, 1965) and new.
anvizonments (Netssnar, Ervin and Stevens, 1966}, 1f the
adaptation deficit is dua to s0me memory dafect this vould
Probably be \3flected dn the quancity of PS and would
Drobably not be reflected in PS Af it is dus to some ather

. causa,

the hippocanpus alao becomes inplicated in this aspect
af the expertnent sinca Hestetter (1968) has Found that
Phippocanpal lesions weaken the Tetrograde awesto effect
0f BUS. If Dawan's hygothesis is corract then it woula be
expacted that tho ECS would have no effact oa PS Tebownd
shown by hippocappal antmals deprived of P5.

Thus the first part of Bxperimant 2 was designed to
examine tho effects of dorsal hippocarpal lesions on FS.
he second part, hawever, axamined the effects of HCS
on P8 xabound of dorsal hippocanpal snd control animals
in peder to evaluate the possible link batwesn PE,
hippacarpal lesions and memory.



PRoCERORE
surgery

The 12 andmals used in this experiment were dlvides
into two groups of aix sniwals each. Group O recaivad
hilateral lesions in the dorsal hippocampus and Graup C
served a¢ operatad controls. A Grass Model X 3 Radio
Fraguency Tesion Makex was used to prepars the lesions.
The current was delivexsd to the brain through the
0,75 nm ntnsulatad tip of 4 needle for IO sec. e
seedla was inserted into the Izain at the co-ordisates
given in Table 7.

Contxol operations vare carried out by Insarting tha
needle inta the brain at tha co-ordinates given in Toble
7. mhase co-ordtnates ware identical to thase used for
the exparimental animels excapt ehat the ventval
co-ordtnate 414 not pernit the nesdle to enter the
hippocanpus, No cuzzent vas delivered to the hrains of
control rats. 5G and EMG electrodes wero implantad at
the time of the operation.
npparatus

 Datayette chackez, Nodel AE1S. in series with a
Runter Timer was used to deliver an ECS (20 mA A.C. for
1.3 wec) to the rats, The shocker was connected ta the
animal’s aars by means of cracedile clips which had heen

_ wrapped in cloth and dipped in 1% saline solutien.

Bxpertmental Procedure
his experiment consisted of two parts. 'The
procsdure for part 1 uas identleal to that of the first ©
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expesinent. mucept that Tecordings were teken for four,
tnetead of six hoyes, starting At sbout 5.30 p.m.

At the complotion of pare 1, the xats vere retumed
4o thete home cages for & rast period of Eve days.
After this part 2 camenced and they were again deprived
of 26 for 72 houn

At the end of the J2-hour perind
all animals weze ansssthetized with ethar and given an
BCS.  Ether anzevthesia vas used to elininate tha
fatallttas gererally cansed by PGS (Fishbetn ef al., |,
1970}, Aveut 15 minutes after the ECS had huen civen
tha Tate' EEG and PG vere monitored for & period of
four bours,

Records vere scored as before,

sasce 7
Go-orainates in an that were used Sox lesion mnd

contzol operations

unber | Postertor| Lateral]| Ventrnl ro
Group of ko o surtace
subjucts| bregna | midiine| of brain
orsal s 4,00 1,25 2,5
3aston 37
contizol. 6 4,00 1,25 2,00
2




resours
Hatology

The histologioal mmalysis carrled out on the brains

of rats osed in Experimant 2 shoved that Most of the
danaga wes confined to the sntexion-doreal hippocampus,
Tha 3ot antertor damage vas at the level dupicted in
Fig. 3a vhila the posterior mergln 1 deplcted in Pig. 9c.
Fig. 9b shows the area where the damage was most extensive
and 1t can be seen that Little damage extended beyond the
hipsocanpus except inta the corpus callasun snd cortex.
Tees of the lasions extended ventrally to cause very
slight dsmage to the thalums. Figs. 9a, b end ¢ oz be
vegarded as being reprasentative of atl the lestons.

In contrast to the Teuilis of Rxperiment 1, very fev
attterences vere fownd bovween the groups in this
experiment. Table B sumsrizes the Hndings of this
expertperit and it con b asen that the grougs 41d not
aiffer significantly on various neaguras of S befors
deprivation, after deprivation or after ECS. the lack of
growp aiffersnces vas spparent Vith zespect to percentage
25, lstency to P5, latency to S5, distribation of BS
through the recorsing sesslon, mean Suration of P periods
and nusber of 7S periofe. The only significant &iffarence
to appear in the rasults vas related to the toral anowt of
slasp (7ig. 100, Although the groups had similar
quanttties of slesp befora snd after PS deprivation,

Group Di hed very much less sleep than Group ¢ aftar
deprivation foliowad by S0S. Thls chearvation was confimed

by an analysis of vartanca (zble 9) #hich Tevaaled &
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41gnificant Oroupe x Sesstoms interaction (ea5,32,
age3/20, peitS)
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Bigniffcant Grougs 3 Sesslons tntezaction (Fes,32,
af+2/20, pei0S) ¢
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Fig. 9. A, B and €. Reprasentativa diagrams of the
antertor (A), middle {m) snd posterior {C) parts of

& dorsal nippocampal lesson.
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TamLE &

Sunmary of tha £indings whave no significant

31ffaxances wers found hetween the grovs

Messure Baseline agtor sce
anprivation| Aeprivation
9
e jow | e o8 c ok
Pexcantage 28 183,30 16, 30] ¢0,30| &1,30] 37.10| 36,4
Iatency to 7S 2,5 5,60 7,50,
(min)
ratency to 68 Js.50| 3¢,4c[26,30) 23,70 21,40| 31,86
Buraeton of 25
s {min) 1,59 3,88 3,01| 2,70) 2.5 2,50
Hunbex of PS
pexiods (min) 5,60 10,4 24,80 | 24,30 20,30
Hean parcentage
PorCenta3® e | 1us0] s.00l21,10 17,30 ] 14,00 19,7
of sleap time
na 28,50 3,30 29,30
having PS Auring
Ira 25,70 | 26,60 21,10
each hour of
an [s.sofer.20(22,90( 26,90 | 27,70 30,40
recording




% TIME IN SLEEP

BASELNE

P1g. 0.

POETDEP POSTECS
SESSION

Haen percentage of totel secasding tine
spent; tn alesp for Grovps ¢ and OF
during baseline, postisprivation and
post 25 casstons.
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=ABLE 9

Souce table, for the analysts of the pexcentage of
xecording tims spant iy sleep

S G N I
Total o [ :s[s;ss»ml -

satrenn suwiacis | 32] 700,58

n (Groops) 1] ase3lss,m| o

s/A 10| s1sa,86] s19088

WT L subjecs 24} 7018,28("

» Gossion 2| aszs Al peoe
A8 2| ss2,50{ 491,26( 5,32 Pe025
w PP FYOI )
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D15COS8ION

Comtrazy to the Hndings of Kxpariaent 1 the Tesuits
af Experinent 2 indicatad that the dorsal hippocaspus aid
mot play a direct role in the PS process. The most li.k-lyl
explanztion of the Gifferent Hindings of Brperiamnts 1 and
2 seema to be ia terms of the extent and losstion of the
lesions. e histological analyats has shown that the
lestons of Exporsrent 1 vere very mich lorser and inclufed

ot

huppocanpal structures including the posterior septal
area and the major hippocempsl afferent snd effeent O
potheays. Wnerass, the brain damaya in Experiment 2 vas i
confined to the antarior dorsal hppocampu. It wppests .
€hen, that the hippocanpal pativays or the cawdal scptal
.7va either alone ox in combinstion with the ppocangus
have ta be damagad befors DS is dlurupted.

pazt from enatonical differences, thers were many
procedural diffevences botwaan Expysinent 1 and the firat
part of Experimant 2. In tha Frst experivent recordings
were teken in tha moraing and in the second in the evening.
Furthermoze, the aniwels need in Expariment 1 wer boused
in a nomel, 1tght-gazk oycle vhile those vsed in
Experisant 2 wers kept under conditions of sonstant lighs.
It saen ulikuly that these factots conld acoount for the
inconsistent Hindings unless tha time of day or lighting
cunditions affertes hippovanpals and controls differantialiy.
Finally the daffavences cowld have huen caused by the
shoxter periods of testiny vsed fn tha second study.
Honevar, an exastnation of che data fron the flrst fosr
houss af Experinent 1 {ndicates hat this vas not. the cause

o the aiscreant findings.
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The dacx £zom bosh shese sxparisents save little
support to thaories regarding hippocampal involvenent
$n 7S, Puresggioni's (1957) theory that hippocampal
theta sotlvity served to sanilize FS was mot directly
shvestigated since the animals vare Oply teswed n a
guiet environmant. Movever, Purneggiani's theosy could
not account for the Gecline in PS following daprivation
“hich vas observad i the dorssl hiprocampal animels of
Eiperinent 1. Turthemmore, the recosdings 4o not shuw
any evidence of a tendsncy smong the bratu-damaged
aninals by vake up during the Elakbening of B {nstead
of entering 7§, Lastly Pig. 6 and Table & show that the
lengtn of S periods of the lesionod antmals in both
experisents vers much the'sama a% the controls, Whare
& decroase in the apoutt of B8 was evident in Expertwent 3,
Fig. 6 tndtcatas thas this wae due o having feves rathar
than shorter paxiods of 95.

Both Hernandes~peon (1966) and Tords {1967; 1968as
13685; 19680: 19691 196%) Proposed biat removal of
the inhibitesy influence of the hippocanpus Wold increase
tne amount of 5. Thesa theorles have clesrly recaived no
aupport rom eithex sxperimant.

A Mkely explenation af resalts of Bvpariment 1 can be
made 1o terms of informstion processing. A nusbex of
stulles have suggested thot 7S Lo Important for informsbion
“processing (Brager, 1967, Evens and Newnan, 19651 ' Fiekvatn,
15685 136sb; 19850 Piswben ot al, 1370, Greenbazy,
12990; Greanberg st al., 1970; Gresnberg and Dewan, 1948
avkino, 1966; Jowver, 1963 Lucero, 19707/ lavemn and
Brans, 1965; Vearlmes end Groenberg, 1968; Svars and
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BcGaugh, 1970}, Dewan (1969) propossd thai the more
Anformation thera 15 to process the mare 25 tha animal
w12 Rave. owevar, it 1a know that hippooanpel

animals have difficulty in hebituating to novel stimuli
(Leatan, 1965) and new envissomente (Meisener et wl.,
1966). Therafore, since the animals do not readtly adspt
%o the #5 deprivation envizonment it is pousible that hay
heve little informativn to Process and comsequently little
5. Cleaxly this explenation, too, does not receive sny
support fxom the second experiment,

The resalts from part 2 of the second exparment have
Bhwm that the 5CS had very little sifect on the guantity
Gf 95 shown by the animais {n both grougs. -Shis finding
4a at vaxiance with those of Cohon and Dement (1966) and
Cohen ot al. (967) vho reporead that B0S ceduced PS
zebownd. It iz dLEficult ko explain these dlscrepant
findtage because the studies are not dizectly cosparable.
Eirsely Cohen and his co-worker' sed cats and in this
exparimant rate vere used. Secondly the lntensity of 55

varied in the bwo studies. In this expariment mn BCS of

20 wA for 1,3 gec was delivered whersas Cohan et al.
(1967) ueed 12 wh £0F 1,0 sso. Mowevar the variztions dn
theve tudies Go not slter the doubt that s cast an
Dewan’s (1963) explanation for the reduction of B§ rebound
Which was in twzm of the yetrograle smnesia (RA) commonly
qaused by BCS (arady, Stebbins and Runt, 1953; Burasovs,
fures ang Gerbrandt, }968; Chovover and Schiller, 19661
funcan, 1949) Gerbrandt, Buresova and Rures, 19687
Glickman, 1961; Ferlot and Coleman, 1962; Wughes, Barsest
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and Ray, 1970; hant and Brady, 1951; Hadsen and MoGaugh,
31961; Pinel, 2963; uartermain, Paolino and Miller, 1365).
Dowan's hypothesis was that the EA rasulting from ECS caused
& decrease in tha anomnt of material requiring sensclidation
ana therefore a reduction in PS. Whila thare ia no diract
evidance that the EC5 aduinistered in the present sxperimsnt

& R it oeems rensonable to ussuma that RA vas prasent
since the same loval of ECS adninistersd by Yolfowitz and
Holdstock (1971) caused A in rats. Consaquently, 1t iz
ressonable to assone that the ECS 414 cause RM but di& not

reduce S revound,
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EXPERIMENT 3

The resultn of part 2 of the sacond expariment weze
contrary to what would be pradicted by Dawan's (1969)
hypothests that ECS, which dfarusts memory vonselidstion,
zaduces pressure for BS. Weither do the results of
Experizant 2 give any clear evidence in support of
Hostotter'a (1968} finding that hippacespal lestons
Protect memory from the affects of KCS. Hovaver.
Experivant 2 only exanined both Dewan's end Hoststtar's
polots of view in a very indivct wey. In the thizd
exporinent the idea that P6 is necessary for memory
consolidation and the idea that hippocanpal lesions
protect memory from the affects of ECS was exemined far
more directly than {n the second experinont. fThis Was
dona by examining the effects of KCS on the perfommance
of a1 awoldence response by hippotempal and control
animals which had been deprived of P8,
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Surgozy

The 40 ruse used 1n tha trind exporton: vors divided
4nto four groups of 10 antmals sach, Grows DR-ECS snd
D-to Ech (Du-NECS) racetimd bilateral lestons of the dorsal
Mippocarpus and Geoups C-BCS and CNECS sarved a5 cperated
contiols. The co-ordinatos for the thixd expactnent vera
Adentleal to those wsed Ln the second exporinants
pparatus

Aoparatus consistad of a 72,0x30,0K28,0 ca shuttie hox
with a black and a white compartment separated by an
8,0 cm high barrier. A 1,0 ®A A.C. current was delivac
o alternate nars of the grid floue tn the black conpartu.
55 was dolivered in the sams vay as n the previous
axperiment. ¥

Experinental procedura .
aftar surgery and the racovery pariod sl antmals were
tratned in a one-way shuttla box avoidance task. The one-way
shuttle box avoidance task was ued bacause it fas basn
reported (Dougiae, 1967) that this task doos not fevour
learning in sither control or hippocampal animals.
Immedlately befora the first trlal on tha training session
the antmals had & one-ninute adaptation pericd in the
shuttle box. Each trial consisted of placing tha Tat in
the black cowpartment and sownding a buzzer imwediately.
Shock followed 10 sac later. The buzer and shotk
continved until the vat jumped into the white compartment.
Tiie shock canid be avoided by Jumping the brerier befose

the 10-sec. Snterval alapsed. Training was contimued



we1] a eriterion of three successive avoidance responses

“\ex ramched. Ths munber of trials to orltexton was
redszded.

‘Folloving training all animals vere deprived of PS8

for 72 flours. Foliowing deprivetion 211 animale vers

given an ether anzesthetic and Groups DE-ECE and C-EGS
rocaived o ECE. fhe rate vere returned to their hone
cages fov a 48-hour recovery peried and then €aciad for
xdtention in the shubtle hox. fThe procedure for tha
retention test was the same as that for the tralnlig
sesaion except that the ona-minute sdaptation pericd ves
ongsted.



BesuLre
Histoloay

e lestons in this expariment ware very much the
same as those of Expariment 2.

Th data obtalned fxom this study revealed €hat neither
the 3 nor the hippocanal lestons had mny marked affect on
performance quring the retention sessions. Houever,
inspection of Fig. Li shows that tha hippocanpal grougs had
alfficulty in leavning the task. The relatively slow
leamning of the hippocamala as oppored to the controls Wade
1t necessary to analyse the rasults by neans of an analysis
of covariance. Even agiusting the retantion scores in tems
of the original learning falled to Teveal any group
asgferances (vable 10). Hovever, intarpratation of the
requlis was complicated by the finding that an analysie of
varisnce carried cut on the training-retention Giffarence
scoves (fable 11}, followed by » Duncan’s Hew Wultiple
Range Tost, showed that the hippocampals did have &
algnteicant savings eoore (Fa10,5, 4f 3/36, pc,OL). However,
the significant savings Score vas obvicusly strongly
influsncad by the large aumbar of crials takes to lsam the
task (see Pig. 11,

& 10 also apparent from Fig. il that Groug CvEGY
sbowed very little tzaining-retentlon improvanent in
zelation to tha othar groups and that bobh groups which
recelved an ECS A1 not perfom as <oll as tha N-ECS
qrovps in the retention trials. Thase differences

however, ara small and do not mpproach significance.



TRIALS TO CRITERION

-n -

A -~ ACECS

TRANING RETENTION
SESSION

Fig. 11. frials to criterion for Groups C-ECS,
C-WeCs, 8-S and H-NECS duriag tralaing

and retantion sassions.
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20LE 10

8ource takle for the analysis of covartance on the

trials to cxiterion data

source of variance ar S5 ns ¥
Total 38| 181,57
Between Groups 3 58 | 1,05 |06
* Within Groups ol il B
TABLE 11

Sourcs table for the analysis of covariance on the

tratning-retention 6lfference scores
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bISCUSEION

Bhe results of Sxpeximest 3 pave no clear indfcation
©f tha possible role of Lue hippocampus ot PS in menory
consolidstion. As far za the hippocanpus is concemed no
conclusion can be drawn from the data which shoved thar
the hippocampals hod & pignificently grauter savings scare
han the controls, Lrrespactive of Whether or not ap 2C5
was given. The reason fox tha shquificantly greater
savings 6core Mas the large mumber of trials that tha
higpocanpals took to learn the task. This leamning problem
was not expected bacausa 1t has bees reported that )
Bippocanpals do not have dLfficulty in wastezing 2 cne-way
shuttle hox avoldance task {Riki, 1962). Furthermora, this
initial learning problen cannot be explained in terms of
sume yacent thevries on the function of the hippocampus.
The “working memory" hypothesiz or rasponse inhibition
theory propossd by Douglas 11967) do not sesm to explain
this finding. The inforuation processing theory proposed
by Bagshww et al. (1965) weuld probably explatn the results
of this experinent best in that aniwals which have
Aifitoulty 4n provessing the information Teceived in the
shuttle box would bave difficulty in mastering the task.
However, whila this would explain the difficulty on the
tralning trials, it doms not explain the retention
parformance. 3t 18, thesafora, obvicus that lesiuns such as
those used in this study do mot prohibit ths formation of
purmanont gamories bub hay hinder thalr eaxly formation.

Onco thess permanent memories are acquived they infiuance
parformance as effectively a8 tha mepories of control @nimalrs
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In adatsion, thers ia little evidence supporting tha
asa that hippocampal. destans protected memory £rom the
Sffects of K05, Examination of Fig, 11 revealed that the
C-Res group took longer ta show mastary on the xetemtion
frials than the DR-ECS growp. Wowever, bacause of the
nnignificant Aleforences between the grovps no conclusions
supporting the ldea that bippocarpel lecions protect sesory
from BCS can be made. T
" similarly, no conclus,ve evidence supporcing the fden
that 25 16 involved in nenory consclidation vas found. The
- analysis of covarimce indlcated that the ECS bad no effact
on the memorias of sy of the aninsle, This fiading iz in
conflick with those of Pishbein (1969): Fishbein et al.
{1970);  Pearivan and Grarmbers (1968) aad Wolfowits g
Holdatock (19711, who have Zowd thas BGS Maropts memcry
aftar the anizals have beeo Geprived of PS for a mumbar of
hours, suggesting that PS 10 essential for consolidstlon of
meory. Hawever, the zesvi¥s of the present study, at leset
for the C-ECS groug, would be predicted by the reports of
Buzesova et aXi (1968); Chorovex and Schiller (1966) and
Guartermain ev a1, (1965) that consolidation from STH to
LTH takes only @ ew sevonds. OMher sutNOTs have xeportad
that consolidation bakes much looger (sarrett and Eay, 1969
Duncan, 1945, Cl.ckman, 1961 Hariot and Coleman, 19627
Fughes et al. 1970 HoGaugh and Patrinovich, 19661 and
PEtagst and King, 1969). Tha quesion of Mig length Of kims
5 takes for consolidation fram ST o LA to oocur seams to
heve been ignored by muthors propesing that ¥S 1o essentisl

for ewory consolidation. 1f, in fack, consolidation foes
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only take 3 few seccads, then chviowsly PS i3 notivacessazy.
Fowevar, 1€ the tine pesied is mich longer, it fe quite
possibia +hat tra anivals may bave had PS batusen training
and the tinE ECS vas adninfstared. Tn stwties where ¢ Ras
Saen shown thot consolidation takes relatively long it
ahould be ensured that the antmals do mot have S during
the Iatarval betvasn txaining and testing, othervise no
conclusive answers a6 £ sither the time required for
consolidation > tak Place or the mecessity of PS for
consoiidation wn be made.
A further arawback of experinents investigating the

Heed 20 PS5 In consolidation is that fasufsiclent sttention
has bhen paid bo the effects of saviromment on learning.
“granoff (1967) found that Tish which had been tausht an
avosdance response failed o condolidata 1f they wera Ieft
in tha tak i which the learaing took plasa, His
Antezpratation of this fata was that the stimslsting
envizonsent pravented consolidation fzom octuring. The
watax tenk deprivation technique also reguizes hat the
antmal 15 placed in what could be a highly stimlating
envizoapent shartly after leerning. These unusually
otinalating suzrcundings could, L€ Agranoff iy correct,
pravent. consolidation aqually a3 wall & tua PS deprivstion.
Sincs the BCS had no signisicant effact on the parforpance
of control andvais, no real assessment own ba rads of tha
ossihie protestion that the hippocanpal lesion may have
afforted memory.
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CENERAL PISCUSSION
The three expariments of this zeudy have raised s
mumber of questlons. The results of Experiment 1 are Ao
the : st cuggestive since they indicate that both the
dorsal and, to a lesser extent, the ventzal hippocampus
©ox structures closely ralated to them play a definite
role in PS. However, Erom the rosults of Expuriment 2

it appears that the antaxlor-dorsal hippocampus par

doos not play & direct role in BS ragulation. Therefoxs,
while thers is soma suggeetion of hippocarpal involvensnt
in 25 the prectse area of the hippocampus of its related
structures vhich vere rexpansible for the results of
Bigerizeot 1 have not been dstermined. In additlos, the
results of the sacond part of Evpariment 2 and Experinent 3
hava not sevmaled the role of the hippocampus in ¥5.

The zemults of Exparinent 1 also tndicate that tha
cautad sep. a1 aves ie very possibly tovolved in the 25
process, Iha septal ares was the only excra-hippocanal
stxucture, other than the pathways, to be aubstentislly
asmaged by the Soxssl leiions fadicating, in agreaneat with
Parmeggiani’s (1967) £inging, that lesions in the septal
ares can alsrupe #S. Further weight is sdded to the
argunent that the septel area o nvolved in €8 whan it is
considazed that the ventzal hipposampus slso has close
anstomical links with the eptal area {Oreem, 1964). But
the ssanctation of the hippocampal lesion with the septal
aven 4s not sufficient to explain the rasults be
Semions of Expectnent 2 wich 219 not sotually danaga the
septal azea slvo probably disrupted tha septo-hippocaapal

se tha

pathvays,
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It 1s epparent thet a study of the effects of septay
Lastons pou1a throw noze Light o the sole of the sepal
aroa aln\; a8 opposed o the Lippocampus alone

Even

Ghoush Paimengtont (1967) exanined the effects of septal
esions on 25 his main concemn was to stuly the

rtects of
a1ropting hippocempal thets sctivity and tha septal lesion
Nas & means to achiove ths snd. Erom the reswlts of thy
expartmsats regortad hers thare it avidence snggesting that
the septo-nipposampal complex may Play 2n imporvast fole in
25 oven though tne Bigpocareus alane does not stem 0 play
an'éssantial rola 1n the BS procsss.,

28 has been indicatad eardior, the sacond ana third
axperinunts attanpted to investigats s number of theories
Linking the hippocsapus, 76 and memory. The remults gave
no conclusive support o any of the theorles thot ware
Atscuseed. Tuverthalsss, wny of the vesults veze in the

irection thet would ba predioted by the theories, but

txends were smuid and could, at bast, ba regarded os bi
Snaicative. Only more detailed experiments can fully
explaln the @lfferonces betvgen tha findings here and thosa
repurtad by other authors.

#hen Intevpreting the Yesults of thase oxpesipants care
must b axercised sinte they suffer from the weakness of all
lesson studles that tha dlfferonces may not ho atbxibutable
o the Aamaged structure Ltsslf. Bratn damags In one area
may bava a secondary mffect on oma other structura which 13
Airectly remponsible for tho Funotion which ic belng.
considered. Also Atrect cokpartsons of results from
ateferant speclos may not ba valid becauwse phylogeastic
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1n the of e ay have.
a Bearing on the funotlon af the hippocaspus. 4150 3t is

Cleat Srom o stutios thas 1ostons £ the higpossapus
o 4 seaates straotuces cause guaisative differescns 1a
draams whsch connot be manixed in antaats (Gcssnbers ot ol
1960 torts, 1s6sa; 196sc). Finally, e evidence

susaented haxe and elsevhor also sugsests chat the
hicpocaspus shoukd a0k be cagerded 2a o eingle stressze
with a unitary function (Adey, 1964; Elul, 1964 Goodfellow
ana Wamaz, 1963 Gross ot AL, 19651 Tughes, 19650, Bven

« doriat - ventzal diEferenttation 12 not auttiogant 1n the
gt of romuits of Sxperimnts 1w 2 sxd other Sngings

Vhich shaued that sntasiar - dozen) and posteztor - dossad
Lestons cun have ditferens effacts on bebsvions (Kdnuze, 1930).
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