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» The putative neural pacemaker controlling pircadian.

-

‘rhythms ,in mammals is contained in the suprachiasmatit
L3

. 4

-

’ﬁﬁ@gplei qf the hypothalamus. These nucrei raéeive’n
. - pfbjection (the’ genlculo suprachlasmatlﬁ “tract or GBT)

o -« e

from neurons in the -lateral genxculate nucleli (LGN)
the +thalamus, - DSeveral expegifiénts were p&rfmrmeq to.

characterize the GST and to assess its role ip,cirw&dian’

' f

-
£y

[\T“\Q k&rganization. .
’ Circadian rhythms of LYY {Tng » wheel activity- in

’ golden héms€€§wm(Mesoorlretus abyatus) with 57T ‘ablations R

ot

shifts to both llght and ddzkﬂpulsps were reduﬂpd by

ablatlon qf the GBT, while no dlffmrenoeﬁ wers seen in

'

phase delay shifts. Wheél-rqnniug’” rhyghmﬁ ot .

GST~abla€e&kf%améters q}sé failed.ﬁo.respondﬁn&rmajiy o
v + t
housing under. continuous illumination. Specifdcally, -
Tt . ' GST~ ablated hamsters diSplayed 'rhythmﬁ with dﬂuéumlq
perlads and dld Not genpr;te “éplit“ activity rhyhﬁhn
. R '
&

s

. _ ' o
Anatomical experiments indicated by two methods that
L. — .

e

* the GST .  is characterized by neuropept ides
- - r 4

irst, " neuropephidw*~

LN

g

. , Y-immunoreactivity. - ¥

" R w
L »

Y-ifminoreactivity . was reduced in the s upramhlﬂumdtxp

nuclei " after aeT ablétion; se@ond, neurons Of bh@ GO
\\ .

were double-labeled for neurcpep}ide Y-immunoreactivity

and for a retrogyade tracer transported from the ,

1X

»

differed from thOse of control hamsters '?h&sa advance °

typically observed in 'intacdt afimals. . o

oy 4

e

L
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nnprachlasmatlc nuclel , GST neurons were located 1nothe

%} " o
(IGLY“Kﬁﬁ“Earts of the ventral

Y

1ntergeniculate leaf&et

LGH  (VLGN) .~ These Freas were sbown to receive reﬁnndl,

s

[ 4 o. - °

=

4 -« oy 4
L4 N *aq ! : N - ;“ :' " L > - 4
input. . L o . ) .

-]

v ’

'b

\op}.
&

¢ - The ~ responses of GbT neurons to light were stud

a
e et T . .
* A ,

with extraoellular electrophy51glog1cal‘ recdrdlngsn'

s mw ) “1 “ T

~  Visual responses of né ons located in the IGL differed. o
. from those in the vLGN, with the great majority of IGL

M o

¥

4

neurons showxng~>su5ta1ned “on" resgbnses, to diffuse-

retinal illumination. D scharge rates of these neurons

- .
., . [N ~ LI

ificreased monotonlcally as light 1nten51ty was increased

o * ‘ °

and saturated over 2 - 3 log units of’ intensity changes.

Many GST neurons had bingcular inpﬁ%, and dAnput from thes
N ! ‘ ‘ ® . ) . 1

»

ipsilateral eye was often ihhibi%ory.

- Theég\\rasults indicateatha% G8T neurons .can provide
oty

informatioht  about  ambient light intensity to the
. e ,
suprachidsmatic  nuocleil. This  input &alters the
I o

[
. responsiveness of ~«the circadian system ‘to photic

@ information. .

+ vy .
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APP - avian pancreatic polypeptide

@

CT ~ gircadian time \

DD - constant’ darkness

®
. .

-

-

[,TST OF ABBREVIATIONS

__dLGN = dorsal\féteral geniculate nucleus

o

GST '~ geniculo-suprachiasmatic tract

HRP .- horseradish peroxidase

b <
] toen

. IGL&~“intergeniculate leaflet

« LL ~ constant illumination .

L I
sy - —

LD - light:dark cycle -
n.s. - not significant; p » .05

PBS - phosphate buffered saline

tad

!
phase re&ponse curve

i

- PRC
REM -

-t %

BCN -

rapid eye movement .

suprachiasmatic nucleus

a4

s.e.m., - standard error of the mean

5.d. - gtandard deviation

~ sl 1]
T™™B - %etramethyl benzidine

8

vLGN -~ ventral lateral gericulate nucleus

¢ vLGNa to vLéNe

i

\ . R **'VLGN s

v

vLGNei - interndl,

N F)

. vLGN ‘ o

P

TR

f%@gt of the external d

©

1Y)

vLGNee - external part of the external divis

- Qisigions of the vLGN of the eat

o

ign of the .

e
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yLGNi ~ internal division of the vLGN ‘ /
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CHAPTER I. General introduction oy

< - . L ]

.
¥ »

éir@adian rhythms, rhythms which have periods of

about 24 h, are quite prevalent in biologigé] systems.
m) 4 - . ra
The ° adaptive value of such rhythms may be that they

ot

. s81low an organism to anticipaté an event which occurs

predictably on a 24 h basis. For example, an animal may

h%ye af better” chance of sphvival if it qua its period
inactjvity be%ore a predgtor awakeq; iﬁst%éd of running
for cover only after catching sight of the predator.
Some behaviar’ pét%ernéq~which vary Di@f 24 h might be
passi&ely drlveqrby gxternal events; however, the use of
the term "oircadian” is reserved to connote fhythms
‘which ™ are endogenously generated. Thesé rhythns wil)

L4

persist forjat least several cycles in the absedce of 24

o

¢

B

“

to be important in the cénprolaof'mammalian aircadian
“rhythms. This small group of densely packed cells is
Igp%ted slightly -above the optic . chiésm, near the

nidline in mammalian brains.  Ablation ot the SON causes

\ '
ﬁh@ m%oss of circadian rhythmicity in many phyqlologlcal

sysf%ms (Klein and Moore, 1979 Moore and Eichler) 197&
Van. den Pol and ‘Powley, 1979; Stephan and Zucker, 187Z

Stetson and Waﬁéon-Whitmyre, - 1976; but see Prosser et

5

The hypoﬁhélamia suprééhiasmatio nuclei” (S50N) appear



al., 1984).

Several “lines ofwevidence indicéte +hat the SCN can

-

act as 'a self-sustained oscillator. . The:SCN of many

-4 4
+

mammals - show a 'daily rhythm in Z2-deoxyglucose uptake

L) *

(Flood and’ Gibbs, 1982; Schwartz and Gainer, 1977;

|
Schwartz, Reppert, Eagen and Moore-Ede, 1983) and in )

o
L

rats this rhythm has been shown to persisgiin constant

darkness (Schwartz, Davidson and Smith, 1980)." _A

N

¢ircadian rhythm in multiple unit activity has been

‘

shown to persist for up to 35 days in the SCN when.it is. X

neurally isolated from most of the rest of the brain in

a so—dal%@d "hypothalamic island" (Inouye and'Kanmura,

1979, 1982) ., . Other brain areas, when surgically
isolated from. the SCN, show no circadian rhythm-fn ‘
multiple unit activity. A circadian rhythm in unit n

&

activity  has 3}?0 beén demonstrated in cultured
hypothalamié slices *containing ‘the, SCN -(Greeh and
Gillette, 19827 Groos and Hendriks,. 1982; Shibata, * |
OOmura,'_Kita and Hattéri, 1982). Rhythmicity can be
restored after SCN ablation by grafting fetal SCN tissue,

into ’;hethhird ventricle (Drucker-Colin et al., 1984;

Sawaki et al., 1984). Strong evidence that the SCN can

act as égpemaker ﬁPr\activity rhythms is pro§ided by a A"
study shoving phase sghifts in thekonset of- activity .
gyythms following elegﬁrioaliﬁﬁimuléiion,of«the SCN in

4 4

oy , .
‘hamsters and rats (Rusak and Groos, 1982).

-

‘V
Y - *


http://when.it

Light/dark .cycles  are 'pro§§bly the most important

entraining ‘signals to mammalian circadiamr systems under

t 'y . ¢ o7 -
natural conditions. Thére .are two known anatdhioal //
pathways by which 1hformat10n on retinal jllumination N
may reach the SCN, Some retinal gangilon cells project D//

directly to the bCN via the retlnohypothdldmxo tract
(see -~ Figure 1A; ﬂeniklckson et al., 1872; Mai and
Junger, 19773 ﬂoore; 1973;—Moore and Lenn,'lQ?Z;,Tigges,
and O’Steen, 1374). Réﬁinél ganglion cells also project .
to .the~ lateral geniculate area of the thalamus (Frost, ’

. So -and Schneider, 19797 Hickey and Spear: 1976).
Neurons in' the : geniculate &n t;rn project to the BUN, 6
via the geniculo-suprachiasmatic tract (GST; see Figure

. 1B). ‘The area of termination: of the GST in the HUN:

" P

A ovgflags that of +the retinohypothalamic tract fibers
(Card and Moore, 1982; Legg, 1979a; Pickard, 1982; Kibak

and Petefs, 3975;‘Swansony Cowan and Jones, 1974).

?

? It is’' not at ali cleaf Jjust what functions are
served by this ndlrect v;§gal _ggthwgy,jfromf the
geni;uiéte 'to the SCN. As“wiilﬁ & réviewpd latPr,
pr;vious studles of Pntralnment capa;§i1txes of nimals

-~ with geniculate lesions . have failed to "find dramatiﬁ
effects attributable *to @hé loss of this putative ‘

. ent;ainment“ pathway . The amm“‘of this thesis is to
incréase knowlédge of; tha ‘anatomy, physiology,- and .

o LI

functional aspects of the GST~ ,This work will hopefully

I

-

' ~
. v . .
4 u
s ' 1)
f N -
» - 4
-
.
.
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4

role of the GST in the c¢ircadian system, Jand,

‘ultimately, to a better underétaﬁdiné of the process by
which light-dark cycles entrain mammalian circadian

Ll

Thythms. 1 oo b

L

+ In the next chépter, I will descrlbe experiments on
. \ -
hamsters in Whlch the GST was ablated ,and C1rcadlan

-

-

rhythms were moritored, Patterns of phase shiftihg to .

. both dark pubses and light pulsQF were bxamlned and the
“a o #

“ . phdsv response curves from anlmalq w1th GST ablation

+

swere compared with those’bf control animals. Tha light

‘ W e g
¢ - L

- pualse phase response curve can be used to desggibe how

L

an oscillator might maintain entrainment with a

e o

light:dark cycle (Pittendrigh and Daan, 1976a; see

Appendix C.). It is thought that these phase response

curve measures may provmde ‘a’better analytical tool for

&
»
q

understanding changes in entrainment mechanisms after

G3T ablation than the cruder * measures of previaps

studies. R

The changes observed  in phase shift responses

»

"described in chapter II could be related to phase shifts

EY v
e

observed |, in hamsters after miorognjections of

.
'

neurépeptide Y into the SCN (AlberS'and‘Ferris, 1984).

In chapter- I1I, anatomical ‘experiments designed to

TR
1

characterizb the relationéhip between ﬁeuropeptide Y and

'the: GST are described. ' Double-labeling and lesién

@

lead to a more thorough understanding-of the fuﬁétionalw

s



5

13

studie;'established”that neuropeptide Y immunoreactivity
is a§sociat%§ with the GS}.:'Further expé}iments defined |

. . #the location of neuioééptide Y-imfunoreactive neurons in
the genieuléte areqfand the patterns of retiﬁal iuput o N

these neurons. ﬂ } , e ‘

From the patterns of retinal input te GST npurons,
ko -

it was hypothesized that -these neufans migh? have visual
responses different £from thoselof other neurons in the
geniculate 'érga. ' Ep_" chaptéf IV, “result% £ rom
}extraceilularo recordings of single uni% activiby in the -

L)
geniculate area are presented. 'In these experiments,

2

responses K GST neurons to whole, eye illumination were

<
+ -

'characterized and .compared with® those of neurons in

n
o

surrounding areas. . Luminance thresholds were measured

b ¥

and compared with those of visually responsive SCN "

1 - r
~ neurons. ‘

The final chapter summarizes bthe major results of

]

theqe experiments: Elﬁébrophysiolokical studies of GYT
‘Neurons suggfsted /;ﬁéﬁ G8T neurons provide information .
about ligﬁ%ﬁ %ntegﬁity to the pacemaker neurons of the
SCN.  When theselreéulzé were related to a quaptitativeﬁ
model of a circadian pacehakef such as that propoaed‘By
Enribht (1980), théy suggested that egf'ents ot GST
ablation might be modéled by changing the dynamics of
the, variable in this model (the threshold) which is

posited to change with light intensity. This ‘approach

" . 40
— -

LI,
At

-



ey

-
-

p .
F +» proved’ :f,i'uitfu%l both int predicting .the behavioral‘

. . effects of 35T ablation deécribeﬁﬁih chapter II and in
predicting :further effects” of GST ablation which have

\

not yet been descriBed and which provide future tests of

- f
hi 1 v
4 this model. .
] f ‘ , -
+ * n . -
’
f
- ® T
ot N -
o ' =
. N
Ll
u ]
s H b -
. @ Lo e
] s - - N o g, Pt -
Y 3 - .
@ ¢ M
it r
: &
.
¥
-
4
b ]
® @
+
- »
| - ' .
- . ° "
+
4 1 .
L -
M 8
e v »
b
)
6
-
R . ' .
-
.
- ¥
-
- o
3 ©
-
L] o -
ot . !
v &
4 s - N a - R
. P -
u
_}" - «
<
v
", ’
] il ’
® " a
.
.S v
- ‘
+ » -
k]
! .
f
¢ I
v +
- » ' n
/
1 -
. “
. ’
. . '
v
> '
a
“ EJ
f N *
’ {
i %
.
- 1]
- "
oy P - , s
» v .
4 . .
.
o
: L4
® \ A '
- * ’ -
" L3
"
'
, .
L}
LR

A



o D

entrainment pathways in .the hamster brain.

. I
- Retinal ganglion c¢ells send axons in the

optic nerve (ON) <fo the area of the optic

i ‘
-

chiasm (©C) .~ Some axons terminate

. o
. v

5 . bilatef%llx»“in the' suprachiasmatie gucleus. .
+ .+ "(SMN) ventral to the third vemtricle (V III)-
‘ (see hatched area in A.). Othé¥:petinal

éanglion oeil axons project past the 0C and

AN
follow the optic tract (0OT) to terminate in

+ . the | lateral éeniqulata nucleus (LGN). " Some”

~

. - neurons 1in the LGN send axons along the

I o 3 . #
" geniculo-suprachiasmatic tract (GB8T) to the
.o 3 . ' ) .
A

-

0 BCN

(s8¢ dotted area in B.).

Three frontal

W 0]
sections

of the brain are représented in B.,

v

i

1

N ar?apged rostral to caudal.
.ﬁ ¥ . N . at N

-
]
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CHAPTEB II. Phase shifting behavior of hamsters
with*ablation of the geniculo-suprachiasmatic

tract (GBT)o

<

II1.A. Introduction and literature review

-

1

In this chapter, experiments teﬁting the phase shift
responses of ham;ters with g§niculo~suprachiasmatic
tract kGST) ablation will be described. 'The destruction
of the neurghé ofﬁorigin of the GBT éntailé’destructimn
oﬁrfmzkt of the ventral lateral geniculate nucleus. In

the first section of +the inpgoduction, 1 will review

¢
previous work ' related +to effects of ventral lateral

geniculate ;uoleus ablation which may Pa additioqiy 1o
effects of _such _ablation on the circadian sy%temﬁ In
'the second section, I will review previous studies of
effects of GS& ablation on circadian rh?thmst The third

section will describe the rationale for thaﬂgxperiMénta .

(4

to follow. “

L4
u

JI.A.1. Visual. discrimination deficits after ventral

: L4

o

lateral geniculate ablation
Several studies HiVe examined the effects of ventral’

~

lateral geniculate ﬁuolaus ?VLGN) lesions on general

@

visual capabilities. An unambiguous role for the VLGN

in ~ visual functions has ~ not yet béen determined;

"
4 -

9
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altholgh perhaps the most, consistent finding is a

-«

deficit in. visual intensity discrimination-after vLGN
> . .

& ' "
ablation. One difficulty in interpreting the studies

‘below is that vLGN ablation is usually confounded Wiﬁh

2
- <

v

e o
proximity of ’theae‘ structures +to the VvLGN. Conhtrol

~ animals with only dorsal lateral géniculate and primary

optic tract damage are required for firm dbnclusiong

- about visual deficits attributable specif}éally to the

» -

vLGN, o .
&

. Horel (1968b) studied the effect of large vLGN
lesions on a black-white discrimination task usingﬁrats.

€ Rats with vLGN ablation required more trials to releain

* 1

the task than was required to learn it before su_rger;sc.61

The total size of the lesion was higth”cérrelated with”

the amount, of deficit observed; however, the amount of

\

~optic +tract damage was as!!%rongly Eorrelated with the

amount of deficit as was the amount of damage specific

-

~ to théivﬁGN, indicating th&t-the lesion effects may have
: = \ !

- ‘been due to incidental optié tract- damage. Horel

- (1968a) also reported that knife cuts medial to the %LGN

-

incidental destruction of the primaxry optic ffact and,

thew dorsal 1lateral geniculate nucleus, due to, the .

P

N\

that. extended into the zona incerta preventéd retention

L

of a previotsly learned .black-white discrimination. The

.

° tentative conclusion of the author-is that the VLGN is
o : :
involved 'in relaying information bonoeﬁning the density

.
~r



of luminous flux, but these data are'got very convincing

. due to the lack of proper controls.

»

Thompsoﬁ, Truax and Thorne L (1870)- studied the.
effec%svur knlfe cuts between the VLGN and the posterior

nucleus of the ‘thalamus on reteéntion: of a visual

]

diserimination. Rats with Knife cuts which completely -,

severed  the -connections between the' VLGN and the

a
L

posterior nucleus failed to relearn|a dlscraminatlon
& & i ol
betwefy a large, and a«smahl white disk, Animals with -
8 O
knife.cuts erring in the rostroLcaudal plane so that the

s ~ x
P e " v' ! > o 2

. transection-bgtween these two nuclel was incomplete were
indistinguishable from controls -in their retention of

3 e

previously - taught discriminations. -From these results, s
y ! ' - % ] ! ¢

‘ it seems possible that.a connection between the vLGN and

the 'posterior -thalamus is ésgential for the formation
.and maintenance of sgome visual discriminations in the

L] . <
t

I'a.'tr. ’ o M v ‘

r ! hd

""" Legg (1975) examined the pupillary light reflex”in

raps! With‘ VdrlOUS Suboortibal'legioﬁs The pupi]larY*
- ; light reflex has long been thought to be controllnd in
part by the p;etectal thalamic nuclel, Legg found that

= half of* the rats W1th vLGN - le%idna showed mydr:a51
‘ , - A .
(abporgglly dilated pupllsl. \ TheSe rats had Large.

lesions +that gaﬁaged most of the vLGN bilatérally‘ The

‘ ' animals with vLGN lesxons could perform a vimual pantarn

o,

dlsoriminatlonfjtask. Lege took this to indicate tha

-

=

5 e
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“the ‘optic tract ,%as not wholly severed and-that the

o

mydrlasas ”s%bﬁ after vLGN lesions was not simply due to

-
3

Aﬁh'ﬂ'ﬂ"“' - "~
Lo .

,destruction of the fibers from the retina to the

A

pretectal nuclei.” There. was no explanatlon for whm some
. y ¥

rats sustaining large VLGN lesions did notg show
/ .

. medrldﬁls : . . /

[}

Lpgg concluded that the vLGN is 1nvolved in the

[
~d

control of the puplllary llght reflex. Thls.conclu51on

Y"o

Ais wéakgned by results of a study b& Schneider and

-

" Jhaveri (1983?\ Using knife cuts of the optie tract

¢

- fibers ruining along  the iateral' edge of the vﬁGN,

" Schneider et-al. showed that the optic tract fibers )

) , (i ¥ . \
. coura@u “throngh +the main body of the vLGN Py ject
b-. h = T - 4 o
5pem111cally to _+the pretectum. Thus, the eff Cts of-

-

VLGN lesions ébserved by Legg could very well be due to
destruiction oﬁ the retinal input to the’b?etectum, even

3
"' if it appeared that ‘retinal input to other thalamic

- nuclei was fdnctionally intact.

—

Legg and ® Cowey (1877a) réborfed a series- “of

e

experiments indicating that the vLGN may play a xole in

&
- e [ @

1ight °Qp£ensit§ discriminations. They assessed
capabilities of rats with VLGN lesions- in the

8 - - s v ‘ !
.8~performance . of either black-white (intensity) or

Vertical- horlzontal (orientation) discriminations. Inz:

LS *

tha tfirst experlment, postoperative acquiSitlon of these

two  tasks was . assessed in anlmals with various

¥

" . N a1 {

- v

&
[

| vy T

s


file:///intensity

4

+

3

~

~

\ .
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subcortical lesions.
]

the posterior thalamus were impaired on .the intensity

Rats with lesions of the vLGN or
- ety

aop e

but not the orientation discrimination when compared to: . -

~

Fs
sham-operated controls. In the second experiment,
J

i’

animals  received .mofe  discrete vLGN 11851025 and

N

postoperative acquisition of +the two tasks was again,

Damage to the VLGN varied between 35 and 90%

L . 'S ! I '
and damage  to the surrocunding wisually-related nuclei

assessed.

.

o - .
wasﬁ‘m@niﬁal, The same-pattern of results as previously

e

. %, i

described was observed. - ln the third experiment, the
same tasks were usedb but postoperative. retention was

assessed. , The vLGN-lesion animals vffg/agéin impaired

e
B

on the intensity but not the orientation discrimination

3 >
as compared with sham-operated cobntrols

[J

w

Legeg and Cowey (1d77b) carried this research further

“ wr o

with differeqt tests pf”light intensity discrimination.

They found ,that light avoidance was unimpaired‘after

L

' . B k
vLGN lesions in rats. The previous fiﬁding, that rats

e

2

with vLGN lesions were impaired on an intensity but not
an orientation discrimination, was replicated, Marther

work indicated ' that’  this impairment was seen whether
a ¥ =

stimuli were presented simultaneously or successively.
. AY

e Y . ‘ Tk ek
In the fina¥~experihent, brightness discrimination
’ . J

thresholds were assessed. “Régplts suggested that the
. o 1

"

rats w{ﬁh VLG§ lesions- had elevated relative brightneaﬁw

thresholds, although absoclute threéhéfds yére the game

[

FA

é

T
e
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H
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as contiols. These findings arose from data on a total

- - H s 3 b

of 5 rats with vLGN lesions and 6 sham<operated rats.
vS )

§ § .
ATl 5 rats had bilateral damage (ranging from 35 to 90%)

to the vLGN. The variability 'in extent of damage to the

=

'vLGN and the small number of animals tested se@erely

limits +the conclusions tha‘bC~ may b% drawn from thﬁs

P

study.” . ' >

Legg (1978b) reported that animals with lesioﬁé in -

« * - N i

the lateral: and posterior portions of the zona' incerta

14

were impaired. on bladk-white and bright-dim
bl ' 4 - P N
discriminations but not’ on. horizontal-vertical
5 4 3 » ° ‘ 4 ¢ | o L) » »
discriminations, Since +this pattern of defiicits is

&

L]

A

L

‘similar to that previously reported folowing vLGN Y

* ¥
lesions, it is possible that wvisual intensity

iqforﬁatign is relayed from the vLGN to other parts of

i
Y 3 “*‘~W
the nervous system via the zona incerta.

s
L}

¢+ In  summary, it dppears that the most common deficit

in visual discrimination observed after vLGN ablation is’
one of discrimination of light intensity levels. This

deficit may be due to ablation of VLGN neurons or,

alternatively, it may be due to destruction of r%ﬁinal
. - 53 4 =

a

fibers or of nearby thalamic nuclei, petter controlled

studies, -possibly making use of neqfotoxins which

[ w

’ . f 4
- saelectively destroy neurons and not-—axons;. will be

required before a functional role for the'vLGN in visual

perception is defined. . - Ly

y

e
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I1.A.2,, €hanges in circadian rhythms after disruption
of the ventral later?y’geniculate”nucleus
Studies of the role of ‘%;,/he VLGN in circadian rhythms j

have wutilized animals wi%h destruction of either the ;>
o the

4+ *
+ vLGN or. the primary optic +tracts posterior

‘ chiasm. Ablation of the primaf& optic aacts would ) N

W
involve destruction of primary vlz;;k/afferents to the

vLGN (as well as those to the regt of the thalamus and o

the tectum), but  would préstably leave | the |

retinohypothalamfc tract to the ‘SCN intact. In

”éddition,' depending .on the plécement, primary optic

ﬂlb, . tract , lesions may damage npeurons in the vLGN Orhthe

lateral hypothal;mic area. Thé lateral hypotﬁélamiu

ar%é receives direct re%inél innervation (Kita and

- "Oomura, " 1982, Mai,* 1979;:Ri1ey; Card and Moore, 1481)

P end has been suggested as the locus for the osci¥llator: ) v

controlling rhythms entrained by food and water

Y resﬁrigtion 6Rile§: Card and Moore, 1?81;‘-but Y=1z]

. Mistlberger and Rusak, 188b). Lesi®ns of the vLGN or

the ﬁfimary optip‘tract would also pr&béﬁly destroy 5%

. 6ﬁ.l:é}ev.s”(: some of %ﬁe dorsal raphé afférénts to the SCN

* (Azmitia and ~Segal, 1978). Some raphe cells have been -
{ shown to, be ‘respénsive to visual‘gyimuli (Mcsko and

- ~x§<£:: Jacobs, 1974). Thus, changes in hhéjresponsivenesﬁ of

s v w ! f

=
-
~
a
»
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circadian  rhythms to lighting conditions following
primary optic tract lesions may not in every case be

attributable to the loss of retinal Lnneryation to the

‘

vLGN. Both the laterél'hypbthalamic area and the dorsal

. raphe are. areas that may .possibly provide ‘photic

]

’ information to the circadian system.
"':\ ¢ A "

Primary optic tract lesions do not appear to disrupt

dailg rhythms of pineal hydroxyin
' transferase activity (Chasé, Seiden and Moore, 1965),

. adrenal corticesterone levels (Mooke and Eichler, 1972), -

s
5

P or pineal N*acqtyl—transfeﬂéggﬂaactivity (Klein ‘and
. . . .
Moore, 1979). * —

° -~
* v

‘ Stephan and Jucker (1972) studied the sffects of

w

s.primary optic tract lesion® on circadian rhythms of

. water intake. In this study rats received large primary

optic tract leslons, including extensive dgmége to the
% ara
LGN and to surrounding areas. Under a light:dark (LD)

. cycle, +these animals resembled intact rats (Zucker,

1971) in that they confined approximately 890% of “their
('3 o "

4

water intake +to °-the dark phase. Under continuous

-
PO 4 -

[ & ¢ <
illumination, rats *with- primary optic tract lesions

',{ h Al ~¢
5how%g;an enhanced suppression ‘of water. intake (measured

[ ’

relative *o post-operative baseline measures of”yater

.

intake under an LD cycle) as compared with pre-operative

I

& dok
- measures. /The rate of acquisition of nocturnality

following /ﬁgversal of ‘the LD cycle was also measuréd.

- / ’ 5 ” -~
/

-

sr

T
%

x

-
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A S .
An_ informal comparison- of rats with primary eptic tract

. lesions ' to intact rats -fadm another experiment indicated

A

that by the third day the two groups did not differ in

their degree of nocturnality, a;though in the first 2
days .the primaré optic tract-lesion Janimals& were
fhase~aqvanoed,relative to the intact rats. The authqig
concluded that primary optic ‘tract lesions ,do not
sigﬁificantly affect photie aentr;jnment' ot dfink%ng
rhythms. However, the measure of‘ﬁrinking ;E§thms ;éed
in this study (% of Qater“intake in tﬁe dark phééi)
would probably not be seﬁsiti;e to subtle changes in
entrainment patterns. As well, a proper control gro&p
of intact or sham-operated’ rats was not included in thig
sﬁudy,’_

Zucker, Rusak annggqg (1976) studied the effects ot
large LGN lesiaqns ,;ﬁ“ éﬁe ci}cadian }hythm of wheel
running. in golden hamsters.® Wheel-rinning patterns of
both control hamsters and hamsters wiph bilateray or

v

unilateral LGN lesions were exclusivély nocturnal during
y
maintenance on a 14:12 LD cygle. The rate at which

wheel running re-entrainéd foxlowing a reversal of the

Lb‘ agycle was slowed in hamsters with LGN lesions. The

control hamsters required a range of 5 to 13 days to

"achieve a new stable . phase angle, as compared to the

4

hamsters with bilateral.LGN ablation which required 22

to A0 déyé to accomplish the same phase shift. The

h]

-

.
Vg
A
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hamsters with unilateral LGN lesions diﬁ not'appéar to
differ from control hamsters. The authors conclude
that the' primary optic traot\;méy be of considerable
importance for responding +to phase .éhiﬁt; in £he

illumination cycle, perhaps because of disruption of the

projection frém the ‘LGN to +the SCN. Howéver,

concldéions from this Iiﬁédy ai& limited by the very

gmall number 5f animalg%testad (a total of 12). This is-

_especially critical in light of Stephan and Zucker’s
4

Y

v

11972) indication +that rats with primary optic tract

lesions do not differ from.intact rats in their rate of
11 -~
o N -~

éyéﬁ%%%ablishing * nocturnalit& of drinking  rhythms

following LD cycle reversal,

o

« In & later study (Rusak, 1977) photic entrainment of

Wheel running activity was studied in golden hamsters

¥

which had received primary optic ‘tract lesions that did

not, damage the LGN. Five hamsters had complete

bilateral destruction of the primary optic tract. One

of +these animals showed normal entrainment and a rhythm

N L1

With a° normal * period. The other four animals

»

.dehonsérahgd some abﬁormalitiés in the'p;ttérn of their
activity rhythm;. +The most consistent difference found
between these animals and sham-operated cgnérols was
that of unusually long periodg of their free-running
rhythms in dim constant dillumination. Two of these

hamsters phase-shifted very slowly to a 4 h phase delay

o i
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-in +the “LD gé:%p lighting c&cle. These 2 hamstegs also

~

showed an undsuaiqfhase‘angle éﬁﬁgﬁfﬁhinment to the LD.

¢ycle, extending their activity in%o the late light
p !
phase. S8ince one ,animal sustaining a primary optic
D
tract lesion did not differ from the controls, one can

conclude +that the Qrima&y optic tract is nogﬂnecessary
&#

for stable entrainment in hamsters. However, these data
. .

may indicate a possible modulating role of the primary
optic tract, affecting period of activity rhythms in
copstant 1light and possibly also affecting entrainment

patterns.

. -

, This issue was re-examined by Rusak and Boulos

(1981) wusing hamsters with lesions of the primary optic

4

tract similar to those in the previous study. Hamsters

were maintained under either LD, constant light or -

i

constant darkness prior  to and immediately aftér
surgery. Some animals were latey transferred to one ox

both of the other lighting conditions. Under all three

lighﬁing conditions, changes in the pattern of activity

rhythmsﬁ were attributable +to the lesions, but these
effectgr were: qgite variable between animéls, Under an
LD cycle, some éniMals showed an increase in, the
dura%ion‘ of thei; active phase, Moét cf the hamsters
that received lesions while in constant darkness showed
an increase in, the period of thelr rhythm within a few

days of Surgery, uéually accompanied by a lengthening of

\
oy «
f

<
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the duration of the active pﬁase. Under constant light,

'g;me animals showed a dramatic“iéﬁﬁ%hening of their

rhytbhm’s period. - Others, however, showed -a temporary
* [} ™

decrease in peried after +the 1lesion, which +then
increased again after 'several days or weeks, stabilizing

at pre-lesion values— " An effect of the 1qsions which

PR
o

seemed to be unrelated to the lighting condition was an

#

increase in total wheel~running activity seen in some

-

animalé. It was suggested that the effects of primary

’

optic tract Ilesions observed in this énd the previous
study may be due to changes in coupling between two or-
more oscillators controlling activity rhythms.

Donéldsonu and Stephan (1982) studred‘the effeoﬁs of

LGN lesions on gcircadian organization of drinking

vt

rhythms in rats. Since the major purpose of this study

e v

was to examine effects of altered symmetry of visual
~dnput, to the 8SCN, these lesfbns were combined with
unilateral- ‘SCN lesions and with unil;teral‘enucleapion
in some cases. “Animals were first tested under a LD
12:12" cycle. . This 1lighting cycle wéswﬁhen reversed.
Three week; later.animais were housed in total:darkness
and then in constant lightawneach for 20 days. No
\differences Between ‘intact rats and . rats with LGN
lesions were noted ﬁnder any lightTﬁg cycles. These

rats were then given the same series of lighting

* gonditions after unilateral eye enucleation. Both

v



_ i 21

groups required significantly more days to re-entrain tp

- the reversed LD cyéle after uhilateral blinding than
_ AT e A P

%héy° did with both\eyes intact. Therefore, it appear

[4]

that rats with LGN.lesions respond to altered symmetry
t <@

of visual input in a manner similar to.intact controlsl

°

This may indicate thatyeffects of unilateral blindinF

can be mediated by altered B8CN, as opposea to- LGN|

“

mkvisual— input. The decreased rate- of rg-eﬁtrainment
- "after unilateral blainding Probaply cannot be ekplained

>

Qby 4 simple decrease in améunt of wisual input‘to”the‘

SCN, since rats with LGN lesions and unilateral

enucleation’ might then be expected to show a rate even °

'slower than that of rats with? unilateral enucleation

alone. Donaldson and Stephan favor the hypothedis that

-
4

altered symmetry of ‘visual input to the ECN is °

- 03 * * ] ) 1’:?
responsible for changés in the rate of re-entrainment.

However, Zucker, Rusak and King

p
Q #

1976) repofteq that the
A .

LGN lesions which presumably left the SCN with symmetric

visual inpft.  .Thus, at this point it is uneclear what
. ¢ a a
importance _ symmetry of  visual .input may have for the

a
)

.clircadian’ system. It does appear that LGN lesions do
. ¢ ’ v .
the. rate of re-entrainment of .drinking

o ‘t o F] B
not] affect

L

rhythms 'to a reversed LD cycle in‘rats. This*indica%es
) o a ™ ™ '
the need,for replication of the study (Zucker, Rusak and

. ..
N

ke v

a [

- 23
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__—King, 1976) showing . the opposite result using

- -

wheel-running rhythms of\hamgterﬁ. ,
4

Sisk and "Stephan (1982) gxamlned sleep patterns of

,réts‘ w1th ~prlmary optic tract lesions ,ﬂfuigddunder
oither 24 h (LD 10:14)_or -+ h (LD 0.5:0.5) lighting
cycleg. Thi§ experiment was run. in four cogfecutive
days. During the first 2 days the LD 18?;4 gycle was

presented and duriﬁé the last Z“days the LD 0.5:0.5
t éonditiég was iﬁpose;. Differences in the distribution
of rapid e¥e movement (REM) sleep between the group of
rats with ~§rimary optic txap% lesions and the»{ﬁtéct
control rats were observed under both lighting eycles.
Under »LD.{0:14, the control group rats showed,REM?slgep
evenly distributed ‘throughout 24 h. In, %he group of
rats with prlmary optic tract le51ons, time spent in REM

N s}gép «decreased to very low levels in the last half of
" the dark phase. .This could ind%SEte that the primary
optic tréct QQrpally pl&ys a role in ‘ﬁnhibiting

cixcadian moduldtfion of REM ‘éleep distribution. Under

T :
'7//% LD 0.5:0.5, +the control rats confined almost all of

their REM sleep +to +the dark phéses 'The?rats with

Ed

primary optic tract le51ons, on the othgz’hand showed ~

only slightly more REM in the dark periods .than in the
light periods, This result suggests that the primary
optic tract plays a role mediating direct, (i.e.,

"masking") effects of light on REM sleep distribution.

-
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Interpretation of these data is difficult due to the
fact that data  from all animals in a given condition
’ ‘ T - '
were , grouped for analysis It is not c¢lear that

individual animals showed the pattern”’géeﬂr iﬁ\\Ehe

grouped data, In addition, since it is possible that °

i

animals with primary optic +tract’ lesions may show

%

deficits in entrainment to lighting conditions, more

N

than Zﬁﬂdays shouldl\probably have been allowed for

v

entrainment to the LD cycles  used -ins this study

o

Howev?r, the suggestion from this study that rats with -

»

primary optic tract lesions /show REM sleep patterns

.differing from thoge. of intéct rats should be examined

[ e

» for 51m11ar det'01ts .

PN <

In concluéion, it appears that neither primary uwptic

- @

tract (Stephan and Zucker, 1972) nor LGN (Dgnaldaon end

Stephan, 1982) lesions alter ‘photic entrainment of

4

drinking rhythms +in rats. Although it has been reported — |

show  slower
/
/

a revérsed LD

that hgmsﬁers‘ with LGN _ lesions .

-
"

fé#entrainment ‘of éotivity ihythms v
cycle (Zucker,' Rusak. - and Kihg, 19-6), replication of
this finding is necessary.in light of the absende of a
similar effe%b found fgr drinking rhfﬁhms in the rat:h

After primary optic tract lesions, hamsters show various
e z

irregularities in activity rhythms, the most consistent,

.of which is an increased period; however, these effects

-

3
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are gquite variable across animals (Rusak, 1977; Rusak

' aﬁijoulos, 1981). Finally, there is some evidencé that

primary optic tract lesions in rats lead. to a change in /

; » R ) ' . /
the distribution of REM sleep under various lighting/

.

aycles (Sisk and Stephan, 1982). . . Y
A problem common.to all of these studies is that the

lesions were histologically "assessed withowt the aid o£

il

modern anatomical -techniques. Thﬁé, lesions of the

- e L *
primary- optic tracts could have beeh assessed after.

o ®

» injections of ,anterograde tracers into the eyes produced

o s o 4 l}' .
* labeling of surviving retinal afferents. As is

N »

discussed in chapter III the density of neuropéétidé

s
o

Y-immunoreactive fibers in the SCN provides an estimate -
° of the degree of damage to the GBST. Qinpe the intent of
.these studies was to destroy the GST and not the LGN per

se, this would be a useful way to assess the lesions.

PR A

' .
/ B s

i1
’

\le . - ~ ‘ ’ ’
II.A. 3., Introduction to phase response curve’

experiments - _
The fajlure of previous studies to demonstrate a

) | . 1) 4 .

clear role for the VLGN in circadian organization may be

IR '

due to 'insensitivity of the assays used to measure -

ohanges in the entrainment mechanism. Alternatively,:

[

rodents may be able to entrain circadian rhythms<using

P ww

either the projection from the geniculate to the SCN or

~
—

.1

8

ey
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the proaectlon from “the retina ~to the SCN It is
technlcally very dlfflcult to selectlvely destrmy the

retxnohypothalam;c tract, sparing the‘reﬁlnal anut to

-

the VLGN and the projection from the geniculate to the

< - -

SCN. fyThus, it has not been possible to use lesions of

¢

.“the  retinohypothalamic _.tract +o identify separate
. .

- . s
contributions: of the retinohypothalamic traqga and
+ v ~ *

- , t i 5 a .
geniculo-suprachiasmatic “%ract to entrainment of

. 7

- ’"ﬁ
circadian rhythms. It may  be possible, however, to
e 3

determine 4if animals ‘with @GST . ablation d%ﬁﬁer from

control anmmals in thelr entrainment Capabllltleﬁ 11mply.

by using behavioral assays which are potentially more

'

sensitivie than those utilized previously.

One behavioral assay which may be more sensitive
- - &

1“ - ¢ -
than those used ﬁrevgously is the phase response curva

a : A rs ,
< (PRC). The PRC:-is constructed by measuring the phasn

shifts in rhythms induced by treatments given at various
T P 3 @ +

times of +the day relative to . standard phase ouf the

rhythm (a ‘“ecircadian time"). For hamster activity
‘ <

rhythms, activity onset is generally used as ‘the
e /4 . - -
standard ghase and 1is labeled circadlfn time (CT)" 1%
Bince a hamsier’é Fctivity normally occurs durigk the

dark part of a light:dark cycle® wﬁggﬁzhe hamster 4

housed under ‘constant llghtlng conditions Wﬁ rail the

half of . the cyclé in which the hamster is antive Lhe

“subjective night", ' ~The ‘other half of the. aycle is

M -

Lo W

]
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0 PdL ad, the "subjective day”, FPhase response curves for
M o e
,

o .
P llght. pulases -given +to 3h5mstérs. hogsedd xn constant

b [

.darkness show phase ‘delays in the late:sgbjectiva day
. 4 - R i ‘
<and early sibjective night (CTs 10 to 14) and phase

«
» - a -

ad¥ances in the¢ Iate subjective night (CTs 18 to 22).

~Pulses given ‘through ost.  of the subjéctiye“@ay-haﬁg

[ v n
shifting effect) This pattern of

. littlé " or 'no phase
A > . “'e »;,“'4-.: o . 8 9

L)

* @ raesponse has.. bee

- M - PR

»fntﬁdlnment that accounts fox many aspeuts of. olrcadlan

o -organization (Emttpndrlgh and Daan, 1976b; see Appendix

Ve ¥ - & "~ N v ) . 3

N
CJ‘ ‘Y - 3 . . - e -

- o

In addition .to the 1light pulse PRC, it'is also
Tﬁossible «to construct _a PRG for dark pulses given to

)

-

o anfﬁéfs houaed in constanm light. The dark pulses must
; o he CGHSld%%Hbly longer than 1light pulses té ellClt awwwww
2 . significans shase 'shifting effect (s.g., 6 h.vs. 15
; 'v min) . The PRC’ thus generated differs from that for

. llght Qgifes e Dark pulses in the subjective day and
E&‘E
‘sarly subax\tlve nfght Advance the. rhythm while pulses

in the late. subJective n%ght produce phase delays.

a

A There appaars to bé no, time of day when pulses h&ve no
-~ w “t

< effect,. . The determlnatlon of the dark puf/; PRC has

- been relatlvely reoent (Boulos and Rusak 1982; Ellis,
- MbKIVegn\ and Turek, 1982) gnd has been dlfflcult to

K ’ incorporate into previou& theories of entrainment. The

e dark pulse PRC is of spe01al interest here, ‘however, due

ato

incorporated into* a theory ot"
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to, a réport by Albers and Ferris (1984) on the pattern
»_i‘ﬁ - ™ »

- .

of * phase’ shifts after microinjection aof neuropeptide Y’
near the SCN of a hamster. These phase shifts varied in

direction and' magnitude with the phase of the animal ‘s
a - ¢ f -

¥ @

T . & ., R Yo
, rhythm at which +the neuropeptxde Y wag administered.

s "

The resulting PRC olosély resembled»t e FRUG Lgr dary

»ﬁv\
& pulses. At, least some of the cellq of he u T may ‘be -~

L
o ¢ s !

1dent1f1ed -by thelr 1mmunoreaot1v1by to nﬂuropap%1d9 Yo
y . N
. in « the rat ‘&nd ham%ter (Card and Moore, 1982‘

s -

@

. Hariiﬂgton, Nance and -Rusak, 19%5). ’ Thus, Albhws

.results may %ndicaté that “the ° GST i% ;igvolvad in
. ;;Sggcing phase shif£§. 0 dark- pulses, :;erhéps by
“’neleasé of neuropeptide‘ Y. . In ,%upport ij this
uﬁ Hypgtnesis, a 51m11ar phase response curve was observed

:
on £ w
LA

24 for hamster act1V1ty rhythms afte} o electrjvat

sti a$&0ﬁ~ﬁetW%theﬁvEGN%{Meiae%m»Rusak~anﬁ“ﬂﬁirlngton,

1984). , ’ °

+ - =
.
» [
- ' .

The experiments to follow were designed to assess
phase YTesponse. curves for both dark pulses and Light

pulses after GST ablation in hamsters.. A decrease in

Lo LY
- v

advahding phase ‘shifts in the GST-ablated animals was
- v//

observed in’ the PRGs for both types of “pulses.
@S8T-ablation - did not appear to ai%ef.deiaying phase™i- "~
shifts. Animals with GST ablation also differedifro .
controls

-~ [
'

exposure

»
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periods during continuous illumination and they were ,

- )
. N . ’
less 1likely +to show rhythms split into two components
y Lo .
L]
. . 0
-~ cgoupled in approximate antiphase. o .
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II.B. Expériment 1: Light pulse ‘phase response curves’

-
[ 4

. ' : '
- T

. ¥ P

IT.B.1.a. General methods fér Experiments 1 and 2

a

" .Adilt, male golden hamgkers (Charles River -

o

ﬂékeview)‘~wer; taken from a oolopy.réom-kept under a
14:10 h . light dark cycle (lights on 0600 h to 2000 h,
At}énﬁié Déyligﬁt Time§~ and were housed in individual
cages (46‘ X. 25 iZZO cm). :Céges were cléaned and food

. <

L] . 1;‘ -
.and water replenished ,approximately every ten days at

random “times during the light phase. A-dim (3 lux) red

.

flashlight was used -if hamsters were housed in'conatapt

T

dark; no.phaseg shifts were ever -observed in response to

C

" routine © exposure. to this light. Cages were egquipped

s

st [’ .. + @ " . .8 P

with running wheels (17 cm in diameter) the rotations ¢f
— el ~ M ) £y

which cactivated a pen on an Esterlide Angus event

recorder., Each individual hamster’'s yunning wheol

record was cut into segments representing 24 h and each —

a@

* ) * e
day’s record was pasted below.the previous day’s.

After freerunning 'rhythms were

.o héhsters ‘were exposed to light or dark pu]s%s givaen at

varioys circadian. times (CTs), with CT1Z being defined/

9 . ok )
as _onset of running-wheel activity and all measures

7 3 * 2
normalized to correct for differences in freerunning

‘periods (Pfttendrighvgnd Daan, 1976a). A minimum of 10

separated pulses to allow stabilization of the

4

days

L «

astablishead,

-

g ~
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- +

rhyth@f * Phase shifts were agsessed by «calculating two

regréssion  lifes, one line through at -least “ten

f ey Se

a v E3
.successive activity .onsets - before the pulse and the
o N ¥

M 3
*

tother 1line., though ten onsets after tran$ient responses
. ) ? ) - ‘ ' '
to the pulse. had disappeared. These regression lines
Y s i s .

- Were extrapolated to the first day after the pulse, and

&, o
the differencé between the two extrapolated onset phases

was used as an-estipate of the phase’'shift.
o R - B z

Some hamsters received radiofrequency lesions -

1nbended o ablate bilaterally both the 1ntergenlcu1ate
leaflet (IGL) and the anterior vLGN, areas whlch contain
cells’ which project +to +the SCN (see chapter III.;
Pickap%, :1982). Sufgery was performed under sodium

ﬁentdbarbital anesthesia (80 mg/kg). Hamsters were

positionea in a Kopf stereotaxic instrument with the

»

incisor bar 2.0 mm below thé interaural line.

-
[N v

Radiofrequegpy lesions were placed at three rostrocaudal
positions (1.6, 1.1,’§nd 0.6 mm caudal to bregma; 3.0,
3.15, and 3.2 mm,later;l to the midline;rand 5:0, 4.65,
and 4.4 _mm ventral tondura) using ‘a Grass LM4 lesion
maker.  Current equivalent %o 12 - 15 mA DC was passed
for 15  seconds througﬁ an electroqe construotedufrom a
stainless steel insect pin 1nsulated except for d 5 mm
atﬁ'bhe tip. Sham operated hamsters (n = 20) were

treatad exactly, the same as hamsters receiving lesions

‘except that ;g%ectrodes were lowered to f}mm above the
" ' [ tes

o~
+ ? N .
-
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positions ~ where _in other animals lesions were created

s L] N
and no current was passed. Animals that died or showed ..

-

poor running records %ere repfaeed by new hamsters; a
total of 62 operated hamsters were studied.
At the end of both experiments hamsters with lesions

were given a Jlethal dose of sodium pentobarbital and

L]

were perfused with an intracardiac rinse’ of 1% buffered

i

sodium.nitrife, followed by 4% paraformaldehyde in 0.1 M

phosphate buffer (pH 7.2 - 7 4). Tissue was processed

-

for neuropeptide Y-immunoreactivity in the SCN using

previousky published techniques (Harrington, Nance and

-

Rusak, 1985). Completé;ess of lesions was det&rmined by

examining ~Kluver-Barrera stained sections through the

[

"geniculate area (Kluver and Barrera, 1953) as well as by

o '

\‘ * ! 13 L3 ' &
assessing the density. of remaining neuropeptide

®

Y-immunoreactive fibers in the: 50N Jﬁ’t in some cases,

in the genloulate area.

*

L)

IT.B.1.b. Specific methods for Expepimenb,1
This exp%riment was designed to assess the effect of
ablation . of the GST on the liéht pulse phase response

" curve. ‘Ham;ters were housed in cages placed within
individual, light-tight wooder| boxes (52 X 48 X 37 cm).
A fluorescent  light bulb ?@;lvania cool white -~
F15T12~-CW) was attached to the ceiling,Aand a piece of

white translucent Plexiglas, which acted as a diffuser,

@& . o

t v s
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{ .
" responses of 17 additional intact hamsters to light -

was placed 30 cm above the cage floor. - Liéht .

i

intensities, measured in the m}ddle of each cagé,'dere L
apprgximately 40 wW/em2  or 160 lux (range: 30 ~ BQ
uﬁ/emZ). °ﬁighting could be controlled independently for

each box. | A fan was on continuously to provide

ventilat}on and background masking noise. .

Hamsters were housed in continuous darkness (DD).
After a stable freerunning -  rhythm was established,
aﬁ}mals were exposed to four separate light pulses, \

wg,:
timed so as’  to produce interé%diate or maximal phase ,

delays or phase advances. Pulses were given at CTs 12,

-

14; 18 and 20, presented in a random order to each . -
animal. If a phase shift could not be mneasured .

accurately because of insgability in the rhythm, the

A
4

pulse was later repeated. Once‘'phase shifts to‘light
. ) | P
pulses at each of +these CTs were determined, eight

+

hamsters 'were,given geniculate lesions. After recovery

from surgery, phase shifts to light pulses at each of , §

i L]

the four circaian times were measured again (10 = 121

days after surgery).
Three animals received no surgery - and served as
N ¥

controls for the effects-of repéﬁted measures; tley’ were

relested in the same manner as ablated animals. The

pulses at these four circadian +times were measured.

These animals were not retested because of illness or

.
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instability in their activity rhythms.

¥
P

4

I

I1.B.2. Results P

+

ooy .

. .- ’ (g
I1I1.B.2.a, General histological results »

Neuropeptide Y-immunoreactivity in the SCN was
greatly reduced in hamsters in which the IGL and the

o

anterior vLGN  were completely destroyed. A miriimal

[+

amount of neurqpepiide Y-immunoleactivity remadned in
the ventgoﬁedi@l“ SCN after complete 1@5;@;5 (see
Harrington, Nahce aﬁd Rusak, 1985). Greater amounts of
neuropeptide Y-immunoreactivity in thg SCN indjicated

incomplete lesions; this inference was confirmed in some

A

hamsters by direct obgservation of surviving neuropeptide
Y~containing cells in the genicilate area.

1

Kluver-Barrera stained tissue allowed visualization of
the IGL-vLGN .lesions and +the¢ incidental damage .to

portions aof the dorsal lateral geniculate nucleus, the
’ ;

medial geniculate nuncleus, +the :zona incerta and the

ventral thalami¢ riucleus (see Figure 2). » ' -

.
« - »

II.B.2.b.. Results of@Expe}iment 1 g

d . -/

The pattern of: response +to light pulses ﬁermwnl’bsr‘gs
“intact animals in our laporatory was consistent 'with a
- previously published 15 min light pulse phase response

, curve for hamsters (Daan and Pittéhdri%h, 1976a). The

'
-~ -
- to. -
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animals which subseguently received le§ion§ showed
pre-lesion phase shifts, that ‘were not significantly-
different from th;~ other intact hamsters’ responses
(F(1, 59) = 3.464, p > .05).

Six ‘of the eight Hamsters receiving lesions had
complete GST ablatioh. éach of +the %amsters with
complete lesions given light pulses at QF18 and CTZ20

showed decreases in prhase advance,fﬁifts after surgery

/ .
in comparison to shifts measured before surgery. At

CT18, thg mean (1 s.e.m.) pre-ledion shift of 273 + 39 min

was reduced to a mean post-lesion shift of 172 “ 15 min

(5 = b; t-test, p < .05). %t CT20 shifts were decreased
from a mean of 212 * 38 min pre-lesion to a mean of 129
19 min post-lesion (n = 6; t-test, .05 < p < .10).
Phase delays gfﬁcitg& by light at CT12 aﬂd CTli were not
altered consistently by.the lesions (see Fig&re 35. -

'Severéi— animals did not survive «long * enough Eo
obtain retest measures at all four CTs. Because of the
small number of retest _scores obtained for the three
éontrol animals which did not receive lesions, I did nof

test for- statistical differences between retest vaiues

for these animals and for those receiving lesions. The

! N

L

three contéél ‘aﬁimals did not show substantial changes

(R

in the sizes of phase shifts (see Figure 3). The

largest change shown by a control hamster on retest was o

a detrease of 42 min in the shift produced by a CT18

®

- . —

]

Ny
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| ‘ pulse; +this decrease was smaller than all but one of
those seen in ablated animals at thag?phase.

\“’”\w There was no change in freerunning period that could

~‘x\zgﬁx9ttributed@to the les@ons; however, most ablated and

control animals showed a gradual decrease in period over

. the course of the experiment (cf., Pittendrigh and Daan,

9
o6
& s

v -

1974) Period changes were not correlated with
N alté¥ations in phase shifting. B// . ;/ﬂ
‘ v ’ N H y “ 2 ' f
]
A

[ \ -
C1I.C. ‘ExperlﬁEﬂt*E) Dark pulse phase response curves [ﬁ

o ot . U

I1.C.1. Me“tho“ds ' ’

- For general methods, see section II.B.1.
This exper

ent. was designed to assess the effect ofx
GST ablatlon on the dark pulse phase response curve.

- -Twenty hamster were héusea- in a room with lighting'
provided by two fluorescent, light tubes (Bylvania
Dayllght - F40) get vertlcally against a wall. 80 cm from
the., cages. Thelse tubes generat®d light intensities of

5.5 wuW/cmE or 50 lux meaagréd'in the middle of each cage-

(p;nge' 5.0 - 6.0 uW/em2). Dark pulscs Were admini@t%rpd
té all hamsters by turning off the room llghtq for six
h, /or to individual” hamsters by placing the hamster and
. _its cage into a 11gh~b-mght box (58 X 33 X 30 om) for

six h.' Shifts were not calouiated for hamsters that
- 7

-

1Y
’e
.
L]
' /
)
,

i
£
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. -pulse on day 153.

" controls. After a stable freerunning rhy%

W - 36

N

L4 s
@“ i L] .
showed imprecise onsets or . that showed an activity

rhythm split into two coméohents approximately. 12 h

<

apart. ' ’ . >

This experiment was run in three cohorts of

a

hamsters. The  first 'cohort consisted of 20 hamsters

v @

which were' housed in constant ‘darkness (DD) until stable

freerunning rhythms were egtablished (dayj 28 - 36)4 10

¥
’

hamsters then received geniculate lesions and 10
hamsters were sham-operated. On day 51, hamsters were

plaéed in constant light (LL) as described above and

&

subsequently exﬁosed to 6 h dark pulses.

/

,The second cohort con51sted of 20 hamsters housed in

LL, Ten of 'these hamsters had recelved geniculate

a

lesions immediately before being placed ' in the room.

7/ : P
while, +the remaining 10 hamsters served as intact

a

was

established for most of the hamsters (day 35y

. pulse was administered by turning the room<lights of'f

]

for six h. Bix h dark pulses were also given on days‘

51, - 71, énd, 92 o all hamsters . By day 110, seven
. : 2

hamsters showed a "split" pattérn of activity; the room
. " * . , 2 -
'1ig%ts ware*then turned off and hamsters were kept in DD

.until day 130 in order to promote consolidation of\tH91r

a¢tiv1ty rhythms (Earnest and Turek, 1982&. Anlmals

‘were xehuynad. to LL on day 130 and given a finalbdark

L

a dark:

x
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The +third cohort gonsisted- . of 17 hamsters housed

under continuous illumination (LL). The p&rpose of this

cohort was +to ﬁﬁrther investigate the results obtained

from the first two cohorts. méeleéted one time period
at which the results from cohorté'l and 2 suggested
differences between the .groups in dark pulse-induced

phase shifts, (CT8 - 10). ~ Seven GST-ablated and 10

sham-operated hamsters wefé tegsted for their responses
to dark pulses at this time. All otaeyfgrooadures were

identical to those for the first two cohorts :

[+
. - ©
4
wp o
] s

II.C.Z. Results 0 !

4
-
A

== "4 For  general  Thistological results, seo sectlon

TI.B.2.a.

{ox

* - .

lesions ingﬁhe ea;iy pa;t of the study had complete GST
ablation: T%o of “the ha;sters'which replaced @amsteis
that died during the experiment did sustgin complete GST
ablation-while five replacement hémstgrs had par?ial GST

ablation. In total, five phase shifts after Qark pulses

were recorded from the two hamsters fith complete GST \

ablation. Measures of 18 phase shlfts after dark pulses

were collected from the shammoperated hamﬁters in this

° " -

cohort. pT— . o

2

" In cohort 2, 8 of the 10 hamsters which recelved

lesions sustained complete GST ablation. A gotal of 28

&

In cohort 1, none of the ten hamsters which received

r
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phase shifts to dark puises were recorded from these 8

hamsterd. Since the pattern of-phase shifts from the
M A\

>

cohort _2 intact hamsters did not appear. to differ from.

that ;g“I;;ﬁsham~operated hamsters in cohort 1, the data
) . " )

from these two groups (n = 20) were combined for phase-

shift analysis,'as were the daté for hamsters from both

cohorts with complete lesions (n = 10). N
- [} ( '
Phase shift measures were- grouped into bins of two

Pifferences between the

[ L -

GST-ablated gnd control hamsters were obser&ed'only for

circadian hours \'each.

advancing phase shifts Control hamsters showed phase’
advances +to pulses centered on’ CT5 - CT18 and phasé
delays ‘to pulsgsdcentered on CT20 - 9}}. The .dark pulse

& . 7 v L
phase ‘Tresponse curve for the ‘?émsters with complete

e

9 -~

n,3lesions appeared to differ frgZ/}ﬁat for the controls in

that the hamsters with lesiops showed smaller advances

than controls to pulses centered on CT8 - 10 and CT17 -

"

19 QSée Figure 4).° A statistical analysis of these data

was not possible due ,to +the variable occurrence of

L3 L
1]

s 14 g

repeated, measures. )

In cohort 3, 6 of- 7 hamsters ,wﬁich received

. - geniculate lesions had complete ablation of the GSfuw

The phase’” shifts of these 6 hamsters to dark pulsés

1

centered on. CT8 =~ .10 we&re compared' to - those of 10,
sham-operated éontrols.’ Each animal contributed only

one phase /rshift meastre to”the cdlculations.. 'The mean
L [ e ~ ' 4
GY \ . ’ ) ' ’ ’ -

- 4

i ;

Q
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-

circadian. times of the dark pulses given to hamsters of

each group did not differ significantly (mean ' g, e.m.
%,

q -

’ n:s').‘ The hamsters with gompleéte GST ablation showed

N decreased . phase advances, to dark pulses as compared to

14

" sham-operated ‘hamsters (mearn--- s.e,m.; controls: 654.4

- 3

, 199, lesions:. -15.3 # 14,9; “t-test, p < 001), thus

ar

-

‘ conflrmlng oneaof the suggested dlfferehces in the data

9
e ™

irom cohorts\& and 2. Y ¢ I . h

2

»
o, *

RN ) The ‘responses  of the hamsters from nohorts 1 and I

v

. tor the.  various lighting conditions were analyzed. The

’ .cohof%f 1 hamsters were: not grouped with the cohort #
N » &

hamsters in this analysis for several reasons. Animals

- ' M " ¢

T Tﬁé two hamsters in eohort "1’ with complete G4BT ablation

(;'::&"" v

were replgfqmenﬁg'of original hamsters and therefore had

. - N

. different photic histories than the control hamsters in

[y

R thls; cohort Fiﬁally, many of the dark pulses tor

Ven

oohort 1 hamsters wére administered Lndxv;daally Oriees

. hamsters showed disrupted activity rhythms, 1t was leas
. ‘ . ;ikel;‘ that they woulq receive ? darg pdlge. Gobhprt &
hamsterétwenbltreateﬂ ﬁuﬁh more uniformly since hamsters

2 . |
v were not replaced. and since. most dark pulses ware
- adﬁinisterad té the groﬁp. " ‘Q . %

- e GST ablated hams*ers dlffered from control hamsters

" 4’-,
“ 4

. - in théir responses +to LL in two major respects; they

3

-

o

n - »

controls: OCT 9.2 + 0.1, lesiong: CT 8.9 « 0.1; b-test,

N - & - L3
from different cohorts had different photic histories.®

LIPS ¢

¥

’
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Ll

‘c

“were',

t ' < v w¥ R
showed rhythms with different periods under LL, and they

GST-ablated hamsters
différed . from ehe e

“less’

respon%g

illumin

o
o= .

dark Qﬁ]éeg

ation

L
f

likely to show "sp;it"

in the

’

exposure

.
£

to Iong- erﬁ'

were’

» -

rhy%hms:* The

thrél hamsters (n

second cohort -(n = 8)

= 10) in their

to continuous

g

In the first{35 days of LL: Before any

#
¥
dg,:

‘édﬁinistered, hamsters with complete

lesions showed significantly shorter freerunning periods -

than did the intact céntrols (mean # s.e.m., 24,07

EN

ES

ké)

of 24.16 1

()
o

" Three

‘of ,the

vs. 24.28 =

h.&

0.03 h. o -,

.02 h

06 h (u = 10); t-test, P < .02).

two hamsters with partlal lesions had a méan period

L

cohort 2 bams%efs with complete GST

ablaflon : displayed rhythms W1th periods of less than 24,

h throughout the 110 days

wE

A

v e

A
&

K]

#

rhythms.

hamsters with short periods.

hamster

N3

ablated

coptrols'

S/
hﬁ
amster

in LL,

showed 51m11ar1y

act1v1?

((see“ Figure

sustained

while mno intact

short-period

Figure 5 shows a record typical,of the th£ée
,After 110 days of LL, this
y rhythm had a perlod of 23. 77 h. One

‘6)'developeﬂ a veryglpng

'beiio& (approximately 26 h) after 60 days in LL, shortiy

aftér exposure to a dark pulse,
/, - .

. The

in LL was a

, After

»of ‘%he

'

-

-

; . « | 4 .
second majo¥ effeect of GST ablation o rhythms

w
MM - -

ecreased llkellhodd of ”Bpllt” rhythms.

110 days in.LL, 7 of 10 1ntact hamsters, but none

8.

ablated hamsters in cohort 2,

-

showed typical

a

4

<

-
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o ) "splitting” of activity rhythms into’ two aompcnentb -
T approximately 12 h -apart (Plttendrlgh and Daani‘lQ?bb

see Figure 7). Ihis _diffenengamwfji//ifgyjstimally
N ! . o . b : s
significant .(Fisher’s exact test, »p 701). The split .

pattern :wés apparent in control hamsters atber an
. average of 7041 4 (% s.e.m, ) dayqﬂigMLLf' Onp GouT- ablaﬁmd T
.»*" M
hamstéf showed dlssdc1ated aatLVaty componenns that

v

‘mlght have reflected 1n01paent*5p11tt1ng (qee "Bigure 8,

o

o days 95 - 110).-°One of the two hamsters Wlth,partnal

0 lesions in this cohort showed a  split rhythm afg%r
’@'“ . " = i} -
approximately 60 days in LL., *'In cohort 1, the two

.
» s at -
.

;hamsters with: complete éST ablation did not show split

- rhythms; however, these hamsters were not exposed to LL

A2 v

for as, long as,QlO‘ daf;s. Of the hamsters in LL for iil()‘

days, 8 of 10 sham-operated and & o&t of 9 v .
partial~lesio£ himsters had split”rhythms. The spl%t e
pat%erns‘were appament‘gﬁper an ave;ggejof¢77 tt 12) days

for the sham-operated hamsters and 73 (¢ &) days tor the

- i

partial-lesion hamsters (means are ! g.e.m. ). //'

s

El
" . VWhen-hansters in cohort 2 were exposed to conlinuous -

.
. - A

darkness (DD), all previously split rhythms fused’agafﬁ‘ ‘/4}%

"

Three ablated and one intact hamster showed actlviiy"/
rhy thms “g;Eh two gomponents runﬁing with diffefrent

periods Aunéer oD (see Figure 9) % was no
" difference between ablqted and control hdmsters in the

- peiiod of the ’activity rhythms during exposure to DD

i

°

& | -, \

L4 .
4 )
- .
x Al ~ s -
¢ I . .
r P :, [ ¥ .
- - - » ~
i Z
’
¢
! / ¢ 5 ¥ L




A .
(t-test, p ‘= 0.52)., Three hamsters with lés}oﬁsghad

L] v < . «
jjf activity * rhythms with periods that were longer in DD
R . o

Yy 4 (mean penioéd = 24.01 1 05 h) than :m the preceding LL

S -
* - - (4

', (mean perisd 23.76 :,.05 h; see Figure 5); no contrel -~

i

. hamsters: showed this pattérn.

e

. ‘fggl//showed7muc%/4more dlsruptlcn During this time, SR

,-teng, showed typlcal Spllttlng (b hamsters),
- ) dlsrupted 3 t1v1ty rhythms (3 hamstens} or arrhythmicity p

' ,(2 hams‘ers) " Ohe - of theytwo hamsters with partlal .

? 1
. L N

A lesion§4split during %he*secondhexposure to LL. None of

3 [ ‘v

/ =h@m§%ers with complete lesions exposed te LL- a
/ Lrd s . ‘\ v o

time showed typical splitting or arrhythmicity T

this peéiod 'butmﬁsix" hamsters, showed some
p, ) =
;dlsruptlon e of actmvmty rhythms (see Figures 5, 6, 8 dnd

g9). bometlmes these actlvlty rhythms appearﬁ to have

+ ,,MW""‘

two‘components, But these patterns differed from’ typlcal

-
~

. splitting in thaﬁ“the'patterné were-never stable and the

&

components were not coupled aﬁproxi&ately 12 h apa}t’as .
is gcharacteristic of split rhythms. Although periods of

- 4
- the rhythms~ Were rather variable during»this interval,

o © ' - five of these .six hamsters with oomplete lesions had, « . -
J‘ - : d(j

actmvxgy rhythmq w1th.re1atlvely long perlods (rang;ng .
~from 24.76 to 26.29 h) durlng‘at leasR some portlon of . -

the sacdnd, eXposnre to LL (see Flgureé/s 6 and 8). ° . //

13
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A(Melaer, Rusalk, and Harrlngton, 0 1984). Tt has proved

P
» u /‘“ﬁu

~,II.D. Discussion %
S

Hamsters with GST lesions showed .responses to light
>y

a;d dark pulsés that differed from those of control-

.
-~
L -

animals. Ablated animals displayed decreased phase

\
advances to light pulses at CT18 and CTQQ, although no

4

B LY
differences , were observed in phase delays to puides at
CT42 and CT14. Responses to dark pulses may have been

affected by GST, lesions in a similar manner; phase
) o . -
+ ¥ a [}
advanoesc\ﬁo ‘pulses centered on CT8 - 10 ware. decreased
- -

¢ and advanceés to CT17 - 19 pulses may have been ¢

also, while'~the. “small phase dela ays elici

4

oentered on CT20 -+ CT1 did not appear to dxifer bebweem

groups.’ Thps,. it is possible that bST ablation
n ﬁ '

selectively » axtenuates phase advances w;thout atffecling .

P
phase de&ays, gegardleas pf thg }ype ot stimulus.used lo

Ay .

induce these phase shifts., - . ,

- . a

‘ ’ . + L . N T
Electyical stimulation of the'vLGN at varjous Uls
At

causes & pattern of phase Shifts of ham ter Actlvity

;
I; A

rhythms that i%’ similar to that eéused by darkapulqeﬁkﬁ

&
- ’
" N LT

[]

dlfflCUlt hgwever, g obtaln large delay shifts by su&h

Y

.stlmulation. Neuropeptlde b injections,. Whlch praduuu*

. .
substantial phase advances, may glsb produce only

L

relatively small phase delays (ALbefs'andfFerris, 1984, .,

e -

i

‘by pulsaﬁ'?

»

V'«

v
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' These observations support the idea that GST neurons are

¢

involved principally in modulat;ng phase-advanciné
rather +than phase-delaying shifts.' A recent report by
Rhlph and Menaker (1985} demonstrated that in hamsters
pretreatmégt with biouqulliﬁg selectively reduced the

. amplitude of dela& éhifts caused by light pulses without

S

N
gffecting advance shifts. Thg;e results and my data
imply that  the mechanisms mediating délay and advance

shifts in the mammalian circadian system must diverge at

L}
1

some stage. - .

£
o

Three consiﬁgfations must -qualify +the hypothesis ,
@ s g -

that "GS8T ablation selectively affects phase advances.

P First, ‘élmgderately bright light ﬁ%ﬁiused for the liéht
puLses.‘a :In an experiment comparfng'vLGN~ablated and
control hamsters, Pickard and Ralgﬁw(1§84) used lower

. §~liéhb inteqsigies (apprqximatef} q.)28 = uW/eml;  pers,

{1

SR -
comm. ) than the light intensities used in this study (40
et

° »

JMW/emz2) and found that thé ablated apimals %yowed
° ¢ incregged delay shifts +to 1light éulées\ab CT13.5, as
. well as degreased advance shifts to light pulses at
—ilkqu CT18. The.ﬁiéher inteﬁsi?y ligh? pulses ;; the prgsent
. rétudy may have come close to saturating the c%xcadian

t
. photic system. Increases insﬁhase shifts might not have

. et

v » ‘been observed because o@ a "ceiling" effect, while

w
v ©
K]

b o ,
* ..+ decreases could be measured readily. ) .

2 + A second consideration is t@at delay shifts to dark

F
-

gt e i, oy
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pulses were guite small in control-animals. Differences

-

between ablated and coﬁtrol animals in‘aelay shifts

mightn not have been apparent. because delay shifts.were

2 1 .

too, small relative to the variability in shifts between
+ - * .

inimals The dark: p}gﬁﬁ]:se phaselresponse curye ot the

-

i controls in this study differs in this respect from that

P

of Boulos and ﬁgsak (1982) who reported delays as large

@

as 5 h after 6 h dark pulses. s

L]

A third consideration is that GST ablation, did «not
appear to alte? phase advances to dark pulses'cqptermd
. i 3

on CT1l - CT16. The groups abpeared to differ only on

£

the ‘rising and falling slopes of the advance portion of

the dark pulse phase response aurve This does not

7

- support: the hypothesis. of a ugeneral effect of GST

v

ablation on advancing phase shifts, but indicates a more

—

phasé~speoifio'effect. ‘ -

Under DD, hamsters with (ST ablation showed rhythmﬁ-

with perlods similar to those of coqtrols; however, they

displayed periods shorter +than controls during un

I3 ] ‘

initial 35-day exposure to LL. In some animals, the
- period expressed in DD was actually longer than “the

H
period observed in an immediately preceding aonéition 331

b
LL. The latter response is atypical for hamsters, which
| b

generally show an increase in pgriod with an increase in

e

light . intensity (Aschof¥, Figala and Poppel, 1973; Daan
and Pittendrigh, ' 1976b).  Rusak ' and- Boulos -(1981)

1.

x g

sy
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‘reported that hamsters with primary optic, tract lesions

©w

shéwed activity rhythms with longer-periods in DD and LL
ag compared to controls (see also Rusak, 1977). The
differences between these studies and the present study

may “be attributable to differences in the lesions used

o

or to the different photic histories of the animals.
The relation between the effects of lesions on
‘period and the effects on phase response curves is

unclear. Under ' one theoretical framework (Daan and

Pittendrigh, 1975b5, a decrease in ¥he advance portion

1

of the lrghﬁ éulsq phase responsé‘curve leads to the
.prediction of Ilonger periods under LL and a more
dramaticg lengthening of period with increases in
constant light intensity. However, the ablated arimals
in our study show the opposite relationship - a decrease

in the advance porfion of the light pulse phase response

1

curve 1s associated with a shorter period in LL.

The conglusion that animals with GST ablation ‘show

a

- N ‘
decreased periods in LL must be qualiﬁifd, since many

long ‘periods

°

-

ablated animals also showed extremely

~

during a second exposure to Lﬂ’(see Figu}GSEB - 7). One
effect of - GST ablation may be to decrease stability of -

period under LL. ~Angther study would be netded to

N

determine to what degree the variability in period seen
here was a response to LL 5nd to what degree it was a

response to repeabed dark pulses, which often cause -
b !

~

'
' 0



changes iﬂ period (Boulos and Rusak, 1282).\

0 Another effect of GST lesions was +that ablated
animals did not show typical splitting of the actiyity
rhylhm  into tQP components in LL. Control animals did.°
show such splitting, which is a common fin&ing in‘
hamsters exposed to 'LL (Earnest ~and Tﬁrek, 1982;

Pittendrigh. and Daan, 1876b). It 1is possible, hut

[y

doubtful, that splitting would have been observed in
pome ablated animals if the second exposure to LL had
’ . been Dprokénged. « During this time most ablated animals

.showed transient dissociation of activity rhythms into

-
’ v - L

3 two or more components as well as peridds longer .than

©

those observed during the firs% exposure to LL. Rhythms

Yo .0
“ w%th two components, however, did not appear stable in

+ °* o

. I3 -
these- ™ animals; the second component usually had

b

v

disappeared by +the end of +the exposure to LL. When
expogsed . to DD, sgeveral ablated hamsters displayed
;ctfvfty :rhythms with two components. with trans}ently
different peﬁiods. -This Dbehavior is similar tp that
-, ; shown by ingagl'mice (Pe;&myseus‘leucopus)<exposad ?édDDG

,after compression ~of their activity phage under Lk
A"} .

L]

(Pittendrigh and Daan, 1976b). e

- The phenomenon of  splitting challenges " any
o ° s |

‘ $inglte-oscillator model ‘of the circadian pacemaker.

.
< L

Therefore, . most models Which account for splitting

involve:, two or moré oscillators which -'ard normally

” i

Ao
2

.
[

s

ae



v
¢

. 48

soupled in a'sfgh}e phase relation, but which may also

show stable coupling in antiphase (Enr{ght, 1986;‘

- Pittendrigh and Daan, 1976b). The occurrence of' rhythm

disruptions in- DD and in the second exposure to LL in’
+ N w5 S

~ :

WY . GS8T-ablated s h&msters .indicates +that the absence of
vy - ‘ .

C a;plitting dubiyg; the initial exposurqftb‘LL“is not due
to a change in pégemakep structure that prevents the
" expression of multiple rhythmic components. gince‘the

1

, patterns of rhythms “ﬁith several components never
. appeared stable in the hamsters with GST ablation, it is
pos5ible that -the coupling of these components is

affected by loss of the GST. : -

4 - v

.The' béﬂéviorai effects of GST ablation may indicate
-~ that \GST input to the SCN plays -a.direck role in
« inducidé‘ prhase advanting shiftsﬂand in résponsgﬁ to LL.
It is also poésible,fhowever, that GST inpuj plays only

an indirect roi§. Thus, some other input may directly

=

. . induce advqpcing phase shifts and responses to LL, and

p

& . . <
“GeT 1nputﬂ may be necessary only for SCN neurons to

-

adequately, respond +to this other input. The present

4

N . data do not allow these +two possibilities +to be

. " distinghished. : ; - .
in part ‘to  the losg of tﬁé neuropeptide Y-containing
afferents to the SCN. The effects of GST ablation

observed here are consistent with +the idea that

-

¥ “ ®
Effects of GST ablation are presumably attributgble ’

——— — . p wam w w

[
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» neuropeptide Y is selectively invo&ﬂ@dhin phase advance . ., ',
shifts. . Recent obgervatfbns, however, indicate that o t
there are neuropeptide y afferents to:the SBCN other tﬁad‘ o ;
‘ those ’originating in »thé IGL (Allen et ai., ib84;*
Hafringtén, Nance -and Rusak, -1985).  Elimination”of
theée'mafferents might ampllfy or alter the'effecta of :,‘
IGL . ablation. Such results .mlght modlfy Our=
interpretation of the role of neuropeptide Y in %he 5LN
N The effects of GST ablatlon may also be attrlbuted
in . partvto the damage 1nfllcted)on retinal afferents to Co
this aféa Some/ of %ﬁese.afferégts are collatarals 6? e
retinal afferepfts to the SCquPidkard, 1985) and thelr ° .
N damage in tp geniculate aﬁ%a may éausé any of several -
> struclural changes in the direct retinal projection to
- the. SCN (see Rusak and- Boulos, 1981); these changes
might’ include complete degenerabion of the raﬁinél(

ganglion \cells whose bifurcating axons form at least

part, of +the projection from the retina to the "1GL and

the SCN. Alterations of ,circadian rhythms might, _
therclore, result from a change in. the- photic v'“*
information reaching the SCN via the Qirént

retinobyﬁothalamic tract rather +than to a loss of GST”
afferents. ~ _— . ) Y

In . summary, this study has.‘demonstratad bhat Cot

ablation of the GST in hamsters producea several changes ' - T

—— - -
P R — .
(Y B WUPUED

in photic responsiveness of circadian rhythms. Advance

T - . - s -

¥
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,shifhsﬂ . Ablated anlma g dlffer from control animals cin

.
- M » '
- " s . .
v
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N v T % - -
Al a
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LIRS
. = r L‘

& e

.shlfts to bdth 11ght and dark pulses ‘at some phases are

decrea cd follOW1ng such 1e51ons ‘S1m11ar effects are

v %

not seen ior delay shlfts, 1mpl né a dlfferentlal role

for fhe GST in medi ttmg dnf:ferent klnds of phase

* LY

F
the \peribﬁs of activity rhytth‘during exposure to LL,

and ﬁblatéd ‘animals are much less "likely than controls

~
+

to show "split" activity rhythms in LL.
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Figure 2. Representative coronal brain sections.from

animals with +the largest (A) and smallest (B) lesions
which completely ablated +the ~intergeniculate leaflet

(iGL) and the ventral”lateral geniculate nucleus (VnéN).

b
5

Complete abﬂltion' of tissue 1is shown as dark shading

heavily gliosed areas are shown as lighter

/
hatching. (Abbreviations: dorsal Iateral‘geniaulate

| P
nucleus (DLGN), hippocampus (HIPP), medial _geniculate

/ : .
nucleus (MGN), optic,t§act (OTLA"Magnification =

« ¥

12 X.).
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Figure 3. Mean (+/- s.e.m.) differenge between pre- and’

poif:épgion,phasé shifts to 15 min 11 ht pulses éive& at.

. ~ . ‘
various circadian times (CTY' Differences hetween first

o
[}

and setond hmeasures of.phase shifts for animals which
...,.a»"‘"” bl »

did not’ receive lesions are also shown (x’'s).
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/ Figure 5, Double-plotted running wheel activity of
.0 hamsbaf éith‘ complete IGST ablation in Experim
. From déy 0 to day 110, +the animal was housued under
- _ constant illumination (LL). .It was then bousaaaip

constant, darkness {DD) for twenty days, following which

S 8 - Py .,. = \ :.
e , it was returned to LL until the end of the experdmént.
o * 8ix h dark pulses were giver on days 35, 5l; 71, 92, and

« ., 1b3; these are indicated by black rectangles on the

7" right side of the figure,/ - :
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Double-plotted running wheel activity of an
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See Figure b ‘for further explanation.
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1 gure 8. Double*plotted running wheel activity of a
{hamster W1th a complete antergenlculate leaflet lesion.

“See Figure.b for further explanatlon
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Figure 9. Double-plotted ruﬁning wheel qctiyity of a

J

hamster with complete GST ablation. See Figure 5 for

LY

fyrther explanation.
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CHAPTER III. Characterization of neuropeptide Y '

® W"Q

immbnoreactivity of and .retinal input to GST neurons

s

4 I‘
o . )

ITI.A, Introduction and literature review

“Phis chapter will describe anatomical experimenty -

‘ N 3 3 * [} ¥
characterizing the relationship between nnqgnpnphxda,&

and the neurons of the GST. Double-labaliTg and lesion,

studies are used' to establish that naﬁrmpepbiﬁd tois

found in mahy, if not all, of the GST neuroens 1t bhe

o

(2t t I -
hamster. The locatlon of G8T naurnn% 1% tLhes

5

intergenigulaté”’léaflet (1GL)- and vLGN eerxcl thv thbmﬁn

of retinal input to these- Tneurons is desmcribed, <

¢

In the first section of the introduatjén, i ?ill

describe% the cytoaruhlteuture cf the IGL and Lhe vi6GH

The second secmlon yill descrlbe the known ‘afferent, and

%

efferent cannecﬁlons of{this area. Retinal innmrvation

i

-

of tLhe IGL“;and VLGN will be treated separately, iﬁ i

" v

. é ” El
third section, The fourth section will reviow

anatomical research on .the UBT-and the . fifth section

will provide information about menropeptide Y -and uther

b

related pegtldEb, The final sectiop will intﬁnduﬁﬁ°§nq

" “

describe the rationale o¥ the experiments to follow. 1%?1 .

HIw *
f

TII.A.1. Oytoarchitechafe of ths LGN 4

h -

The hamster lateral geniculate nucleun can be

~

o ) g &

v
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* pcteen & 1 1P -

- b A
separated into three divisions: +the dorsal lateral

‘genluulabe, the intepgenicuféﬁe leaflet and the ventral
% P - H i

fldterdl geniculate .(see Figure 10). gvThe dorsal latéral

geniuulabu

A ]

receives dlrect retinal Input and proaects mamhLy to

ok
Y

The intergeniculate‘leaflet LIGL)

-

nucleus (JLGN) , part of the dorsal thala us,

¢

visual -cortex.

!

e B
..‘-"

latera% nucleiu

ventral

-

—daudally and medlally, into  the

¥

lamina contalns R/ANY of the neunons of ‘the GST.

s ~-nu

derlved from the wventral  thalamus. (Altman an

the™ g%nlculatq extendllg

incbrta,
1 l

zona

vLGN,
Bayer, 1979), may ‘be éhrther subdlvldedainwo an internal

division and*f ,external lelSlOﬂé with the external

having ~ both an 1nternal par% and an” external
It B %
and vhGNee; see Fzgure 10). . Some”

divisian

part (vLGN1, +vLGNed

neurons proaectxng to the SUN: are found,in the rostral

vLGNei The 1abpllng of subd1V1510ns o£w§he LGN as

{

shown in Figure 10 will be that used in theiremalnder of

.
K v o * e ks

thlS thesis. In this section I qill“arévkew . the

q "

bdckground of é iterature on eytoarchitectural divisions

q
L4
'

af this area. s~ . . " -
R d4 - 8 'ﬂ

"\ An® early

oy

¢ % N s ‘% NG
scheme of Subdivision of the vLGN (Niimi, . ~

-

Kanaseki ahd TékimotaM 1963) proposed twg;gartst §ﬁ t
R . LTS
externil division and ‘an 1nmerna1 61V151en, wmth "the

-

intarnmi &xva&&@n* anta&ning ,smaller ¢ells Whlch waqa .

-

kY

leus *duapiy Nigsl" $tainad _than those mn “the. extarﬁa]=~%

[ . .t .
> d v e s »
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5

, division. These two subdivisions are, separated by -a+2—

4
L % .

group’ of "fine .fibers .and a neuron-sparse aone. ; '§

. R - i) /
general scheme was confirmed <din.the rat by Swansao

V@

PN < [ - % "

*al. (1874). 1 . N
In “some spédies, 'the q/iérnal dmvm51on may ba«tt

further divided on . the bHSLS“*ﬁt“VPeLl type 1nto the

i -

vLGNee and VLGN81 (hamster Frast eﬁ al. 19/9, rabbxt

%Holcbmbe ahd Gulllery‘, 1984) “rhe vmum. 'a o

by . &1

he T

daqtingulshed by xta« larger and more denﬁply @avkeé

U3A

., P . iy
™ ¥ e . -
v
neurons . VU . - O
by S - ¢ ! . N 1 v o t v -
e [ « v

.‘ “or . - w78
° + + » l

%

- The . IGL was fir st | dbscribed by Hickey and Bpedry

4

(1976) in +the coursé‘ of a'"stﬁdy of'. tﬁg‘ retiral
projebtions 'to the genloulate “in the rat. The IGL

f f !

- éncompasses what preveous studles had rererred to as the ~'
N\ "o ° [ <
', internal dorsal divisiqn of{the vLGNLorZaauthe dorsal

QLGN Takahashl ‘et»ai. (1977), worklng frﬂm mater al ‘
- . \[ e U
é;th labeled retlnal aﬁferants, desurlbed the I&L in

' V

: raﬁhits. Fe]dman and Krugef (198@) d#scrlbﬁd ﬁhﬁ IGL 1n
- raks IrQﬁ‘nhdterlal wxﬁh the madmal lemnlsnum'labplpd

w:th auforad:ography,‘ they caJled 1ﬁ\the lnfermedldbu

i \‘n«. ‘ 4:
nuclews of , ~sthe’ genieulate Thv IQL is ¢lso n)earty
&efined -“in” gome meuna%ytoch micaL atﬁrial ag L
deﬁcr&bed 1nuuect10n IIG b2 “""f’ N o S
. Y ‘ ' : |

vf The vytoarehltagﬁure of ﬁh@ thN 1n the rat appﬂ@r“ O

.
T s

,\tﬁ d ffar | frcm th t 0i raﬂ#nts {Jﬁtd&ﬁ and ﬂuk}and@rr

‘-4§72$«:v The VLGN of ‘the aat-i ‘shaped ixka,a gumsblwn,

. . - v
o LT R ¥ y PR - . L e v o
o - . N .

¥ ! @ *


file:///study

T st T T - R e . L. “ﬁO
T % 5f]mark. hith ,a broad maln part dor ally and a‘slend
T stalk wﬁh&ch 1s twmsted arnund the rdstrolatgral aspect

- ——- -

a - of the opﬁlo ”%ract Five subd1v151 ns of the nucleus

SO I

~a . were 1dent1f1ed by - Jordan and Hol ander, these WEre~
N * 'Ix T &

T labeled w¢th the letters “a -~ e (e g., vLGNa, eta.;.

- ‘; eat VLGN . does not. correspond exactly L Hith the more

i

-7 .. general plan suggested by Niihi

- ‘1 '

. A Lnterhal and .exterqal leiSlon. “Tﬁélexternél part of

e,'al (19637 of an

o - the external d;vlslon 1n Niimi’s scheme woul

~correspond to the vLGNé and the 1nternal di¥ision te

S VLGND: - in Jordan and Hollander s scheme. ‘Since the two

%
. ? “y N -4

" schemés are not entirely ~ compatible much of thay
. . anatomical work on the VLGN of the cat cannot be related

C ) dlrecply.to,the vLGN of rqdents. ' ,«T

e
RS

: ” Sévérai studies' Ba&a attempted to Nciassify'«the

&

L neuron typea 1n the VLGN and IGL of the rat on "the ‘basis -

r A - ’

df les%//anﬂ Golgi dtalns (Brauer et al,,'198& Mounty

¢ '

SO et al., .1877;, Stelzner.‘ et af.,‘f 1976) . The

e ' » ¢lagslfication scheme of Brauenﬁet al. (18 4‘ appears to
- A
. .-
o« “be the mast‘conSLstent and comn;ehen51vem§cheme“ Flye

i

.

%

o ,classeg of neurons in the vLGN and IGL WEeTe descrlbed

(see’fabla 1) ) , oL

f
L]
P . ‘
. o, v
-

! : DascrlptlanS"of ‘Eranohing patterns of dendrites of

C g ""’Gdlﬁiéspained n@urons” 1h the VLGN and IGL Uf the' ‘rat)

[T I 3
o T 1 P

£ , {Mounty et’ al., 19?7) ralse the podd1ulllty ol

¢ T
&

- ' Jordan and Hoﬁlander sdcytoarchltpctur?l scheme for theu‘

.
by A

»
Perrn e e
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communication across

e
v ¥ *

o * L4 “
the vLGNi some neurons were

. ] dendrltes,extendlng dorso~ventrally‘\§yany extended into .

oA

observed

»

the subdivisions bf the vLGN.

4,0

I

have 1®ng

'

the

and some extende&‘as far as the dorual laterdl

IGL,

large

”

gericulate.

¥

*

)

wrg

-

In the,Ventral parts of the VLGN  some vary -

b

{ ‘«"

"

-

Lo the

sometimes

od

neurons 'had dendrltes orlented perpendicular to

optic ,piact,
v w ]

medio-lateral axis of the YLGN.w '

Y

-

. spanning. the a%%ira

™

*
<
i

4

of the vLGN indicate an

.

3

Electron,mmcrOSLoplv studies

w

somewhat

a

. ey -
organization similary to that of the dorsal
E LY Ea

©

. late}a} geﬁieulate. Eour types. of synupsds Lave boern

e
identifiéd
LY , atoe . o

”Synaptlc 1$1ands‘ con51st1ng of‘S or more synap%es are °

¥ n’ ta " . “

observed nhroughout the VLGN (Stelzner et oal. lQVB)f .

4 Ed

‘hese

dlffer frbm the ﬁynaptlgxyglomeruli fuund in

‘

LY
o -3

othgr thalamlc nuclei (Jones, 1983) in thdt they ara nom‘

af

C encdbsulated by gllal Prd¢é§ses and the uﬁmpunent pdrt

-

- e N L) - B -

T

Tl(')'ti

" . » ¢ ?

»are more varlable. Inathe vLGN, synaptlc iglands do

Lt N [ « - I B ~bx<

e ;‘ appear. to ~inelude direct cortical inpu§‘ It appears
v " that’ the _nerons Which' are Qhé %aip " recipionts of .
. L] .
f*rz?inal anut may also receive inhiﬁibury inpul Las .
o iqd‘ cab éd by~ symma@xi@al synaptir hunctlmna} ina b or ,
Vi i . ‘ .
§){ ,6§itﬁe,sama,ﬂ '% : Lo . o ‘"

.

v '
ot the VLGN

' II1.A.2;
[4
H v
- e * L ' PPN
sy v T o, » - ~ - .

Afferent ,a%? aff&r&n@“ammnéﬁtﬁgnﬁ

2 4 -

"

in  the . vLGN 9Stelzner et alb, 1973, 1976y, <«



oarite ) ’ - ¢ T ;;"
v . N N i
. < -
; 23
8 . “ h 72 f
): .
LI S
and IGL . T L
4. : - '
. A deor ‘source of afferent imput to the vLGN and IGH’
% »
Lo is from the retina. This projectlon w111 be dlscussed o

S {

g in section IIT.A.3. Information about dfferents to ‘the

. + intergeniculate leaflet other than those from the retina

’ would aid -in developing hypotheses ;bout its fuﬁotion. '
Unfortunately, in many éﬁudies,* the IGL was not

' 'distinguished from the VLGN’  Thus, it is not.clear if. . ;

informatiop relevant to the GST .

-

~these studies provid
# i .

I

~ which are‘ﬁainly located in the -

Fa - - ’

-
VS ~‘néuron54 of ipteresy,

]
P
”

#;iGh.‘j‘,I havé simmarized  in‘Tables 2 and 3 the major .

A R R ’
. R 'aff@regt and éffereyt progectlonq of hbe vLGN IGL area. ?
< '3» “A’ - l-" '“) Q ’ 3

R Th&se proaectlmns are dlscussed Ln detall ln Appendlx A . .

o ;%ijin the remainder of this section, I will summarlze only

i v
» L - b4 “‘.Q

L twarhat* mls known“ abbut the afferent” and efférénﬁ

' PO

' “og ] i - 1
Loy ~'con260tmons~ or the,*IQL( sPecifioally "+ Most of the v

~ sa
v
o 1

e *;’.studmes referred 6 bele are discussed in’ detail in’ -
o~ ’ 'Fa'\."i a Lo s ' { Il LT
v Appandlx A . f ) : Y

. [ * ‘ v
B -
% ’A o o * 0,!

~,,h‘ ;iglf'“‘ It appears that'fzﬁh class 3 neurons (see Table 1) :
j:@'pv‘*ppogeot t® the ocntralateral IG% (Bnauer et al., 1984 . "'; i'

E
\
¥ nr k«
‘ﬁ; « ,.»r a,
4
v

AT Cosenz& and. Moore, 1984 Grayb;ekv 19745 Mackay- im et -

e }'xf'i a;ﬁJ tQBB, Pasqulerh and Villar, 1982a, Plckard 19&2, T,
, © 198%; Smanson ot al., 19745 ‘but see Ribak and Peters, . .-\

s 1975)»a‘ whlle ~01ass 1,. IGL neurons project to ‘the : N\

L \pretééﬁum‘(Schdber} 1983) and class 4 neurons project to . \

» 174 " A N ‘.‘ i “ r 5 ~ 3
R » the pons (Brauer et/ al., 1984, pers, comm.). As will be a . 1

* e
* a * a

=
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* ° described later in'‘this chapter, the neurons in the'lGL
L - o . 3 4 2 iﬁ: 3
. which are -neurgpeptide” Y-immunoreactive 'and project to-
@ A v L4 -

! the , 8CN appear to be ﬁaiﬁly class 4 neuryns, although
P ) A -

.
L]

some .may be class 3 neurons. From the morphological "
¢+ similarities, one might hypothesize that IGL n?égg;s .
. N .
- that . broﬁgct to the 8CN akso project to-ngﬁggés and

perHaps to, the contralateralu IGL as well (But 5660

Pickard, 1985). - i
@ . > A\
Input' to the rat’s IGL. comes from the lucus .

e coeruleus’ (Krdher and Moore,  1980); medial lemniscus
. \(Feldmén and Krugex; 1980), zona incerta (Watanabe and

. Kawana, 19829 and thexmidbrainacenﬁial grayt(Ebarhart at,

13

al., 1985). . This nucleus is further characterized in

4

- " ?
rats by« . oellq ang fibers staining %or

- acetylcholinesterase  (Brauwern et .al., 1984)  and

»

- enkephalin (Mantyh ‘and Kemp, 1983), fibers staining for

®

- w

;seroionin (Cropper et al., 1984; Mantyh and Kemp, 1883),
) i N .
noradrenaline (Kromer and Moore, 1980) and glutamic acid, ' ’V/

decarboxylase (Chara ét al.,- 1983), and subslance P

a

fiQef@ (Mantyh and Ksgp, 1983) and receptors (Mantyh et o

4

" -

( -al., 1884). ‘Little isNwmown, about.the source of these

w

various neurotransmitters and"peptides,"eioept that it -

*, : ‘mt ¥ yl
- ist likely that the serotonin comes from neurwns in the .

‘rqphe nuclei (Paséuéerg' and * Vi}Lar, 1982b),, “the -

. o e
w v noradrenaline from -the, locus coeruleus (Kromer and

-~ "

Moore, 1980) and "tk acetylcholinesterase trom Lhe

. LS h 4

x
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: midbrain reticular formation (Hoover and Jacdbwitz,

* ' 1 . s ®

' L A =

C1e79y. , '

w2

1

III. A - Retingl  innervation of the VLGN - .

PR
» v Q

e - * . Theé"vLGN receives a diract retinal projecticn inJall'

(4

. “.,‘speciaé studied“té date; however, ‘the details of the

‘e ¥ L &t

¥ pattern cf termlnatxon of . the retinal afferents thhin

A ® "

the VLGN vary botweeﬁgépecles (see Table 4). One of the

1

e earllest relevanti reports “of a study. maEing usavéf

“
' 3

iy ' autcradlographlc traclng tedhnlques (Swanson, boWaw and

- ",‘ . A
3

{
. Jones, 1974) olaimed chat in rats a heavy retinal

I A 0 ERY (

proqecbion Has observed over the’ contralateral vLGNe,

’fﬂk\hlle light labellng was seen -over the medLal edge of

[ \
!

the caudal vLGNi on the oontralateral 51de. o

. : A more complete study by chkey and pear (19786)

‘ . agompared the retinal affarents to the VLGN in alblno and

- \\ Tﬁoaded rats, " also.using autorad1qgraphyw The patterns

ot termlnatlon they deScrlbed gre much more extensive

» than those noted by Swanaon et al. 61974). As in “the

%

N ‘ . .
,K\\ : precedingv report a heavy contbralateral projection to

t
by Ve -

&\% the vLGNe was observed ' Paicheg of ratinal‘terhiﬁal

. xﬁt}elﬁs .wers observed 1n the 1p511ateral vLéNe‘ It was

A%

- pos! ible that these patches corresPQnded wlth reglona of

- dome fibers appa rad to termlnate in the,vLGNl at cau&al

o i .. - - ¢
- R -

' L

. « s

o o g A b oot bt
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>
v

3

¥
v

-

x -
¥

levels., ., There weré no substantial differences between .
the %two strains of rats in théir patterns of retinal

“

[N s ,
terminations«in the vLGN.

=

+
fe

) T g ) e
Hickey and Spear also identified a bilateral retinal

projectign not described by Swanson et al. (1974),
términating in the ‘;GL: This retinal projection was
confined réstrall§ to tﬁf region beétween the dLéN and - °

L4 ~ N

the vVvLGN, but at more caudal lev%ls, it appeared Ho,

extend wventrally, merging with the zona incerta just

A
¢

lateral to the: medial, lemniscps.  The contralateral”
. projection to. the IGL was somewhat heavier thau the

ipsilateral. .| Although .they reported great variability
l\/.:

» +

betyee/

-

ﬂimals‘ in,’the vsizg‘ and lpcation of this
Abrojaéﬁion,,'ﬁt‘\appéared"th;t§>ﬁhén aintéalaterai "and
ipsilateral projections\_uvé}lﬁp,‘ especially at more
. ‘ - .
caudal levels.. . . ‘ E - '

© £ - )
e " . “ . .
- The * retinal -afferents :to the vLGN and IGL in the
“ Ry . 3 v .

-

rabbit were - described by qughash%?et‘alf*(19?7). The

¥ » 3

‘IGL ie@eives” an overlapping bilatéral retinal .
prégeétion, 'ln the vLGN, thé.ccntrala@gra} gye projects
;inly. to the external. division, but‘ﬂdgé sends & light
pqqﬁéctioq to " the id%ernal division, ‘mainly aleng its ‘
‘dorsal9 and lateral borders. ?he”niésiiapgral eye :
,pro‘e;cts' to &n area ‘ﬁong the,_ dox:sal bordex: of the . |
°exéarnal division. Moqt,ofléhggcoﬁclégjons»of Tfkaﬁashi

: eg‘ al, (1977) °ﬁa@e‘cdhffr$éd B}-Holcombe ;nd'GuilLarf

-
¢ -3 * -
" - © M b4 . * i
.
~ e - N
[y - * N
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Mf}wﬂh marminaticns in the 1ps;lateral VLGNe, similap to those

1)

4

Y, -

3

?

i
:

o

(1984)

In {additiﬂn,

organization.

The; 16L,

topographlcally organlzed retinal 1ﬁ§ut

input

they desqubed ‘a topographlc

6f*'the “retlﬁal progeetlon to the vLGNe.

on fhe other hand, showed no evidence of a

y P R 3
FinRHHgime;*

calibre

than

—— e -~

two areas

different calibre, possibly with different physiological "

properties

degenerating

’ ¥

The .retinal

gﬁq~ the vLGNee .and -vLGNei - were- compared in

sfhined~ materlal It ‘appeared that

;retlnal flbers 1n the vLGNee were of, finer

these in the vLGNei, indicating that'these"
; - P )

may. recieve retinal

input from axons of

«

T . ‘I
: | ; '

Th@\,refinal projection to the VLGN in hamsters was.

shown to

be .topographlcally organized in a sfudy of

g egeneration

# ¢

Jbaverl

.

(

e~
'
[} . s y

B

radinactively
A

¥

and Schneider,

anﬁéﬁpénada

bchneider

termlnals in the hamster vLGN. * As in other species, the

,zﬂ.

eontralateral vLGNe ‘was

LX]

. e}f‘;

‘,xayinhl

Luéaen in gatsuby chkey and Spear

’ e i

.

A

”

In\'hqmstqrs

L3

¥

4

projection

P

Uhé  Lengoral.

(1979)

{

Yetina ' is repreéented ventrally.

'

after focal rptlnal lesaons

3

The representatlon of

patterns
1974).

retina is in the dorsal vLGN, while nasal'
\ In a study'uqing’both‘
'labéled“ amino acid trangport N aqd
degeneration techniques, Frost .SS‘ and

examlned the locatlon of retlnal

TS e

[
[

R E] S +
observed ,to: -receive a dense
s ' X
\ Small patches ' of retinél

“\‘ . .
1976) wexe also noted

these patchés*were speclflcally

however,

¢ i1 -

v

o

M B o 4 s e S b it st

ot o m——
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fined to the medial ‘extremity of the internal Laminia
In .addition, a sparse bilateral

- ol

IGL was seen, especially at more

caudal levels. - Although the brojections from @h;‘two

eyes to the ¥GL seemed to be completely overlapping, the

.degfée of overlap of +the retinal projectidns to the

£} &

vLGNe could not be determined. - '

The retinal projection to the VLGN of the 13-lined

ground sguirrel %as studied by Kicliter and Bruce (1983)

r j £
using ’autoradioggaphic méthods. Retinal. projections:

4 3
] -

were mainly confined to the vLGNe and the‘IGL.' Based on

» ° F

the laterallty of the proaecﬁlons, tive regions uculd be-

2
13

distingui hed Thgee regLons recelvmng projeations from
[ : "

the contralateral eye were interleaved with twu ﬁegmons
%

‘ rédexVLng 1p51lateral projections. The1 lbL rewnlved

both contra- and ipsilateral projections,sthe smparatlmn
~ &

i 4 N

of which 'was most marked rostrallyqj The vLGNe also

. received a Bilateral rétinal projection. It may be
. L)

-

v

-

“concluded from their figure-that the vLGNi peceives a

L L2 =

5parse bilateral retinal projection, w;thﬁthat from the

e

oontr§lateral &ye being heavier than the ipsilateral.

M [

 Kicliter and Biuce’s results are interesting in that the

ipsi-y andg'contralateral reétinal prejections to the IGI
i 1 v . h

and ‘the "yLGNe were found to be mainly non-overlapping.

13 < a

-

Such: a ‘;aﬁinatedn pattern of retinal afferents to_the

vLGN ‘had not been reported previously. However, this

14

*
L] : ¥
M '

B

\ \:\‘
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pattérn' should: be confirmed with more appropriate

material, such as that from an animal with different

a 4

anterograde tracers placed in each eye. )

-
1)

To summarize, it appears that, in many sSpecies both
L] . ! -

the vLGN and the IGL re3§339f§€£}na1 pfbjegtigﬁs fgoh“‘
both eyes,’alfpoygh'thogb,%rgm't?e cozzgéiater§l eye,éré‘

usually heavier. Most au£ho£s~ do ; pot’ aistinéuish
between ~ the gxtefnéir«aﬂd ;hgérﬁazw‘di;isiohé.'of the '
vLGNe; therefore, “the diffeyépces *noted in thfg‘

. ] ' P
projection in the hamster by Frost et al. (1978)'canrot

e

L3

be safely generalized. It is difficult to“generalize

S
s 3 * @

about - the retinal projgc%ion td'the:yLGhig'Qxéept that, .

v

2 . '
I LY ] i . . - . . . ¢
if it exists, it is a very sparse projection (see Table

4)¢‘ a}, . Qo . ! ‘ # ) d

v - v
N - . s

P

[

-IE1.A:4, Th@'geniculo—supfachiasmétic tract |,

» v

The existence of Qh%geniculo*suprachiaismatic' tract .
F) .- L _— -

sl 14

was first demonstrated by Swanson, Cowan aﬁd~dones
. . ¢ . P .
(1974) . They ‘deSC?ibéd‘ the pattern of labeling seen

after -injections of trifiated proline or leucine in tHe"

N ¥

VLGN of ".rats and ‘cats: ,One prominent pathway.was

e

dasc;ibad in the rat as aoursiné‘véntrally toward the

ipsilateral = lateral «ﬁ;xminag nucleus which was heavily

labeled. It then' proceeded through the zona incerta

{where some %ibers may have terminated) and, passing

3 § / . ‘ E

e
o bSO
.

,f

L]

T

i et i

A

b v A e et ah et . im0
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file:///geniculo-suprachlasmatic

C | . | ) | ; 7§}”‘
'ééntral +0o thg medi§l lemgiscus,‘ ggme to téihiﬁagéa
. bilaterally ié“them ;éntral half of both SON: The
- ipsilateral s?biabﬁi%?héfic © T hudlens’ "‘éonb;inad

M [
: i

approximately.-. twice as many silver grains as the

v contr&la@eral ‘nucleus. In the cat, this- projection was .

.

fsimilar ‘exoepﬁf @@aﬁ the 'fibers leaving the- vLGN passed

' anteromedially, ,going thrbugh the ipsilaterdl reticular
’ R, s * )

tacleus. . - :

.
¢ ‘

- Ribak and Peters ' (1976), who. also used

N .
[} ' 2

‘agtérad;ography’to'd?garmin@ the efférgnt projegtions’of
- the VLGN in rats? feported a different route fbr vLGN
s dnfibars \cour§@#g f; ,the 8CN. In their study, labéled
' :fgbers';were obgerved.. to &%sqend in the optic t?acﬁ,
‘ "cross in. thé fénirai gup%aoptig (Méynert's) commissure

¥

<

1

- .

" and tefminate bilaterally’ in the SCN. .

-

. In an effort to resolve this controversy, Legg

. (1879). injected labeled amino aci@s

¢

into the VLGN<Of

1rats" and allowed a long (12 day) survival time. This
- allowed better visualization of, fiber pathways. Only .
.nbﬁe"rai"in this study~had a well placed injection, but
'«. : M . 2]

in this case 'étlabeled pathway was obﬁarvaﬁ.fulluwiﬁg

0
4

the - bptic tract as descibed Eﬁrﬂihak and Peters (187TL).

Thhs; |« it. *is . most li:kely that - {shes

”r . .

geniculo#supraqgiasmatic trdct descends along the optic

b -

tragt and joins the fibers of Meynert'’s commisoure, - It

. i§ probable that Swanson et al (1974) observed labelnd
¢ ¢ o o , ! .
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terminals in the zona incerta (e.g., Edwards, Rosenquist

and Palmer, 1974; Legg, 1979; Ribak and-Pe@érs, 1975 e

¢

‘Lfnd mistook, these ,for +the g@nloulo suprachiasmatic

/ L b are ,,
tract. o N " ) . /
N Plckard (1882 ); undertook a detalled study of the
oells of orlglp ot the genlculo~suprac iasmgtic tract.

&

=H0rseradlsh peﬂox1dasef (HRP), a retr grade tracerwwuas

) 1naected into the SCN qlther unllater 11y or bilaterally

ip ﬂ%msters Labeﬁ%d neurons were Bbserved in the
't ‘' i

o »

! neurons and thelr zdendrltlc processes were usually

l N ( £

oriented perpendlcular to the retlﬁal axons traVeESLng

%
the area. A small number o) 1abeiéd neurons were dlso

}
observed throughout ‘tﬁé VL9N1 1Labeled néurons were
I

never detected,in thQ.vLGNg. The ' VLGN 1nput to the SCN

— was bilateral, with approximately 2 tp 3 tlmegﬁas many
- labelod neurons found 4in&£he‘ipsilatérai VLGN after a”°
%nilateral HRB injection. Labeled neurons afferent to
- the LN were also ngtad_directly cauddl to these vLGN |
naurdns, in the area of the zona incerta and the lateral
termjnal nucleus It is 1likely that these—neurons #

- -‘¢orrespond to the caudal’ tip- of* the-IGL  Sinue it

entire rFostro- caudaﬂ““éxtent of the “IGL. The labeled™*

;3
Iy

appeared that HRP injections into any section of the SCN -

labeled IGL neurons,.  Pickard ccncludgd that \in the
DR Lol 4
hamewv the lbL innervates the entire &LNy in contrast

te ' the, rat where this input _iu confined to the,

-

£

¢
!

du———
) "
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Qentrolate;ai aspec£ of the SCN (Swanson el al, 1894;

. Ribak énd‘ Peters, 1975).°~ lSome HRP injections in mha'

7o

' hypothalamus  but . outside the SCN labeled rstinal
ganglion cells, yet failed to label IGL neurons. Thus,

it~ appears thatQin the hamster retinal afferents Lo the.

°

, h&pothalamus have a wider +terminal field than do 14,

A ¥
- N w !
o+

afferents. v =

-

‘ - % ’"un?

Immunveytochemical characterization of the

geniculo-suprachiasmatic tract in' rats was reported Ly
Card and Moore (1982). The SCN of thé rat was ohnervid

to contain a dense plexus of avian pancreati's

. P

+ VJ 3 M l !
polypeptide~ (AFPP-) immunoreactive axons confined Lo Lhe

ventral and lateral parts of the nuclens. A moderats

. *

N v 4 - * 4
plexus of .. immunoreactive fibers @nc&pﬁulgpad Lhe
- . =

~
*

. nucleus. sBecause the pattern of distribution ot thise

fibers . corresponde@f'ﬁa"the pattern of iLhe tarminil

.

- fields of both ‘th@l retinohypothalami~  tract “and Ll

‘ganiculousupqachiégmatic tract, the 'retina aud  the

4
& e

geniculate . were both. examined  for APF wmmunoroacisve

wd N ¢

cell bodies. APPMimmdnoreactive< perikarya  wore npot,

N -
.

found in ‘any portion of the retina and, turtharmers,

¥ -

bilateral  enucleation resulted in wmo  change in the

¥ -

’ _density or distribution of A%E“immuﬁéfﬁaaLiVﬁ ﬁﬁnhﬂ@unﬂn
In the ’VLGN, 'AP?TMmﬁﬁm&ﬁéctiva neurons wers’ ubaareod
apd’faundvt§ be caﬁfinéd o thﬁ‘idb.m The axong of éﬁﬂﬁf

Wnuurunﬁﬁ‘appeared"tg,axﬁend intn iﬁﬁ ﬁ%ﬁq inergtn, whiie

R Fa L '
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}abeled axons were never observed in the optic tracts.

Bilateral . vLGN ‘lesions resulted in a total loss of

[ «

immunoreactive axons in the SCN, while not affecting the

— - a v i &

distribution or density of imminoreactive axons within .
.o ¢

p

the periventricular nucleus and anterior hypothalamic
° g

nuclels  adjacent to +the SCN. Unilateral vILGN lesions

reduced - the number of immunoreactive axons in the SCN '

<

ipsilateral to ‘the lesion by 60 - 70%, with. thg

contralateral side showing much less of a loss.

These @ggﬁings suggest thqt! the IGlL. aénds a

pT
e

.chemically distinct projection’ tc WHESN, in rats. The
apparen£ §a%h of APP-immunoreactive praojéction Yibers
obseéVed 15 similar to that described by Swanson i al.
(1974) but differs froﬁ(that of Ribak and Peters {LBV&)
and Legg (3979); however, the* observation of.

APP immunoreactive fibers in the zona incerta and not in

the optic tract is not strong erough evidenge to resdlve

this controversy. " Disappearance of 1abeledrfiﬁérs in
s an

the zona ilicerta after vLGN lesions would lend weight to

T - -

their « conclusion, yet this result was not reported. It
was noted that VLGN lesions did not noticeably affect
labeling of fibers in the refrochiasmitic area mor in

s-the commissures, yet this may indicate only that the

-
~ - L] "

- - b
geniculo-suprachiasmatic tract axons are A minor

-
-~ A -

component of fibers in this area in the rat. -

LR ' L)
*

- Qard and Moore (1984) have reported “on the
+ ki

. a s

©

\& -
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~

distribution of APP immunoreacfivity in the SCN ofwgﬁe

hamsler. ‘They observed that APP immunoreactivity was

-
PR

restricted to,)thin varicose axons 1n the ventral and "

-~

lateral aspeoté‘ 3f each- nucleus. No.lmmunoreactlve

3 . *
perikarya were_ present’ in any portion of the SCN. At

f-,éostral 1evels,'\§&qmoderate plexus of thln flbers was

obSErved immediately adaacent to the interface ct the

t ¥ P -

SCN and the optic chifsm. At 1ntermed1ate levels, thls

»
[

plexus %xpands . dorsally and laterally wmthln the

ventrolateral SCN to form a dense axonal plexus which

%

partially overlaps the field ‘of rePlnal afferents, which

o

appaeur to extend.farther dorsally than the APP fibers.

This pattern continues into the -caudal pole of each

*
kit

nucleus. At all levels, the dorsomediél SCN is entirely

&

devoid ot~ immunoreactive axons. Thus, although

Pickard’s worky, (1982) “suggested that the vLGN innervates

Lt

the entire SCN in hamsters, Card and Moore’s work

1

indicated that, if: + the APP-immunoreactive fibers

%

constitute all of +the VLGN afferents to the SCN, then

the vLGN afferents do not innervate the dorsomedial SCN
v * q
Pickard (1985) reported a double-labeling study
using hamstersﬁmwhlch indicated that (%)hsome retinal
L4

gaqgllon cells proaecﬁ to‘both the SGN and the LGN, and

(2) IGL ngurons project to either the BON ' oF the

coptralateral IGL,, but not both. - Doubl?~lab§liﬁé was . 7,

a

achieved Ey/ injections of different fluoréscenf

FiN
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e -
.
t
-

. , 4
‘ . . Y,

retrograde tracers into the SCN and into tﬂé»x}ﬁN.” aomﬁ

1 X

retinal ganglion cells were clearly double~iabelad

-
* x

However, +the double-labeled <cells never‘made up’ more

.ot Lo - ,
than 10% of the retinal ganglion cells labsled by e

¢ Mj‘

injections. No double*labglad gells were oBsergﬁ@ after

control injections , into +the: dLGN or’ the superior

-

colliculus ‘or after’ injectiéns which’ missed the  SON.

These results indicate that -collaterals of Qt least some
e \W .

retinal afferents -to-the SEN project to the LGN.. ~Fhis

-~ ~ ' 3 S,
3 S - 9 .- : 2 » - ] ! & " NKW.
obgservation implies thap genicillate damage mady.
- o

&

indirectly affect-the retinal projection to the SUN.’

N a4

L

*

- -
.
LN [ .

ITI.A.5. Neuropepbide Y and related peptides .

T gt -
"

ca Neuropeptide Y, a 36~aminc acid peptida‘namad after

)
O

its  terminal ~“.tyrosine (Y =z°  tyrosinej, shares

a
1

considerabité” (56%) . sequenge. homology . with anothaer

-

o

® i
,36-amino “acid, avian pancreatic polypeptide (AFP; see

[ -* . . . PR

able * 5). Mglluscan cardidexcitatory  peptide

(FMRFamidé) « is structnraily ’Slmlldr to neuropeptlde Y

o g © 7

wand APP in the C—termlnal Antisera to FMRE amlda,

it F .
i, M +

neur0pept1de Y . and APP staln the same . neuroms in r&fP

braln i (Moore et al., 1984), 1nd10at1ng that thé
. ' N >
C~terminal 1% at leaBt ,one common antigenin site and

‘tﬁat the’ presence & of 'tyxosine (see Table b) 1%ﬁnot

v - - 7t

essential for antigenic recognition.

4

-

a8t
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.neuropeptide Y.
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\

.Recent work—huE indicated thaf most of the APP and

'
-

observed

v

FMRF amide immunoreactiv@ty in th§ rat’s .

neryous system ,méﬁMgguéttiibutabiegto théée°aptibodiés

: crass-reactlng with fisuropeptide Y‘substrate (Allen et ..

> o P
.

al., 1983; DiMagng et al., 1985; Moore et al., 1984).
Cross-blocking studies. with neuropeptide Y, APP and
FMRF-amide ' antisera / and antigens indibate  that

iingfobaply the peptide present in the

GS8T mofhthe'fat (Moore et al., i984). However, a recent .
P

t

report (Inui et al., 1985) indicates that pancreatic”
’ ” v : ah' . K
polypeptide~like immunoreactivity in porcine .and canine
brain. may .be due +to , antisera rgactlng Wlth both

neuropeptide Y  and'-smaller amounts of enddgenous

pancreatic polypeptiée. It would theféfore'be’useful to

similar cno§s~blocking studies in hamstérs to

o

determine the endogenous peptide in the hamster GST.

perfdrm

Neuropeptlde Y has been shown to be colocallzed Wlth

other putative neurotransmitters in some ‘central nervous
-4 4 =

é&steh’ neurons . Reports~of neuropeptlde Y coloeallzed

4 4

with* noreplneghrlne ;are most common,

»

but neuropeptide

ﬂ@mmunoreactivity has

et

been reported in neurons”

* *

enkephalln and GABA

e

also

immunoreaclive for somatostatin,

%

(ses O'Donochue et al.,, 1985 for review)“ J -

A !

I11.A.6.

NN

-

Introductlon to .anatomical experiments on GST

neurops .

i

Q)
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The - research of Card and Moore)(198a) iﬁdtcat1g§
v .“"'1%:351
- R L4 . &Y
that neuropeptide =~ Y may . «1dent1ry "the

.‘geniculo-suprachiasmatic tract, in tﬁé““rat“ will Tbe

. extended here.“ The experiments to follow will psﬁw%ﬁ%fﬁﬂ

9

methods to determine if there , is a. reliable

s ~ e
“

oorragpmhdenoe between teuropeptide, Y-immunoreactivity

¥ 3

3 . - . o ~ P .
and: a @projection tos the SCN 1n geniculate neurons. -
FirsL, ‘ablationm of the geniculate area will be shown to

deplete, neuropeptide Y-immungreactivity in the HCN.
- s Y 3

Second, ' geniculate mneurcns will be double-labeled with,

"both aneuropeptlde Y-immunoreactivity and with a

retrograde tracer %ransported from terminals in the SCN.

v

A praotical benefit of this research is that iL allowg a ®

L] " -

method of a553551ng iesmons used 1n other studiesd (e.g.,
"%9'

in chapter II) for the EXtent of damage to the GST. . b

Il

~, . The second aim of the experiments descrlbed belowpiﬁ
to giver detailed information on the locatiwn of

. .
neuropeptide Y- 1mmunoreact1ve neurons in the genmrulatea

n Pl » v

and ¢n their pattern of retinal afference. From ithe

o

« results of +the first experiments we can assume that at

i R ~ -

least ‘somé of these neuropeptlde Y*lmmunoreactmve

14

neurons constitute the GST. The information on location
and retinal afferents to the GST neurons is especlally

essential for interpretation of the electrophysioclogicdl

e
yuni'”“

experlments discussed 1n ohapter Ly

t L r

A

-

*
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. 'iII.ﬁqf The ‘effect of geniculate ablation on

o & s BT 07 w
. ~neuropept1de Y 1mmunoxeac+1v1ty in the SCN
' ot " -t ) . « !
‘. s III B 1.a. Gdeneral methods~ o
LA The distributions of neuropeptlde Y 1mmqporeact1v1ty

[

.‘was -examined in’' the sﬂpfhchiasmatic nucleus dnd the

geniculate area 'Sf male ,goldeﬁ Hamste%s (115 - 145 g
o ‘hody weight)- ' "Following, a 1ethél“dose of sodium

b pentobarbital anlmals were perfused intracardially with

-

[ a vasodxlatlng rifise of ;%° buffered sodlum nitrite,

& Lo

followed by 4/ p%raformaldghyde 1n O 1 M vhosphate

“~L;' buffer (pH 7. 2 - 7 4). Thé?brains were postflxed in

]

oold paratormaldehyde solution for 4 hours and stored

4

« Yovernight in cold 30% sucrose phosphate~buffered

= »

gsolulion at 4° C. Bérial coronal sections were cut at

¢ * s [3

1

AV with a freezing silcrotome. Sections were collected
M . \ .

Ry

several times, and then agltated overnlght ‘at room
< 0

o -

temperature * with the antzbody d;luted Ln PBS W1th 14

[N

triton XlOO and 1% normal goat serumv The aﬁtxbody used ;'

¥ +

' was' " rabbit ~ antlserum to natural porclne neuropeptlde Y

@

" (diluted 1: 3750 courtesy of J.M. Pclak). ' Localization

L3 -t e L

.
(R .
. 4 + a

P . e

III.B. Experiment 3: Neuropeptide Y immunoreactivity in

in 0.01 M phosphate buffered saline (PBS), ripsed

LS

-

»dr
£l
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¥ « - »

of the antlbody was wvisualized usxngxthe V@ctastaln kit -

(Vector Labs). and avidin-biotin procedure (Hgu et al.,

Ww
1981) Diaminobenzedine was' tsed as a chromagen and
- . L' . » ¢’
w glucose oxidase was used. as the activator. The tissue . -

-

was rinsed several times with PBS between each solution ;

- . N -

*  change. Sections were mounted on chrome-alum-dipped

slides,- allowed to air‘drﬁ,sand coverslipped with DPX ox- -

Permount after dehydratlon Alternate sections of some
) C —_
br%ins were stained u51ng the method of Kluver and >

I

Barrera (1953) for stéiniﬁg qﬁlls and fibers. .

The distribution of neuropeptide Y in the -
8 o <!
suprachiasmatic nucleus was determined by examining the

-+

. tissue of five animals. Using tissue from iwo animals, p

/

spacificibty of the antlsera for neuxopnptlde Y was ///

tested by lncubatlon Gf the tigsue in antisera

praabsorbed With the antlgen (Peninsula Laboratorlas,ﬂd
e °

. 100 wg of antigen per 1 ml of dilutpd antibudy) for 60

¢

minutes prior +to reacting as described” above. [t was
N *

. necessary -to bgd 50% acetic acid to the neuropeptide VY

- ‘antigen 650 ul per 100 Y- neuropeptide Y) before dilution

v

in phosphate buffer to ingure that the neurdpeptide ¥

. -

°

-+ was completely disSolved, ' - : .
” 3

In order to °fac111tate the visualmzatmom éf

mmmunoreactlve .cell bodles, five hamsterg received an

)

injection of colchicine (80 ~ 200 wg ®olehicine in 20 wl

‘distilled water; Sigma) into the lateral venmbricle under
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. using a Grass LM4 lesion maker.

o i
B ~ *

sodiﬁgl pentobarbital anesthesia (80 mg/kg) =24 hours

w
gf{;r: Lo gacrifice.’

/caudal and 1.8 mm lateral to bregma, 3.7 mm bélow dura:”

" 4The coordinates used were 0.5 mm

Q9

9 *

hd - - . -
- ' e

[ '3 v
III B.1.b. Radlofrequency lesions of the genlculate ”@‘

[

W

' “;,Qb

- - o

Twenty«e1ght hamsters were given bxlaterﬁl lesions

t *

o

of Lhe VLGN‘and 1ntergeniculateuleaflet

v

In addition, 2

-

&nlmals were given unilateral le51on5 in order to assess

~J

how  much ,of the geniculorsuprachiasmatic <tract_ is

"" Hamsters were' anesthetized with sodium

Ad &
-

(80 mg/kg) and positioned ,in a Kopf

- Q

sté%eotaxmc.lnstrument wmth the: incisor bar 2.0 mm below

Radiofrequency lesions were placed

and 0.6 qu

2 mm lateral to the

crossed.
pentoﬁ%rbital
the interaural line.
at three rostrocaudal _points (1.8, i.l,
caudal +to bregma; 3.0, 3.15, and 3.

midline; and 5.0, 4.65, and .4.38 mm v%nﬁrai from dura)

k-0

Current eguivalent to-

L 1l25EE™ 16 mA DC was passed for 15 seconds through an

-
+ ¥

electrode consf%ucted from,a staanless steel’ insect pln

o

insilated except for .5 mm at the tip. Animals with

bilateral 'genicnlate’ lesions were sacrificed from' 8 to

300 days afﬁer surgery. The two'ah als which received

unilateral genlculafga1e51ons were sacrlfloed 13 and 30

&

days " after surgeryu Alternate sections through the

L]

Q»
oy
§
S

~

suprachiasmatic nucleis were processed for neuropeptide

L

. v, .
Y-immunoreactivity as described above or stained with

Y ] o

LY

<






