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Abstract^ ° 

- The putative neural pacemaker controlling circadian, 

• rhythms ,in mammals is contained in the suprachiasmatib 

^nuclei qf the hypothalamus. These nuclei receive n 

projection (the' geniculo-suprachiasmatac tract or GST) 

from' neurons in the -lateral geniculate nuclei (LGN) of 

the thalamus, - Several experiments were performed to. 
« 

characterise the GS"T and to assess its role in circadian 

'^^organisation. ' , • 

Circadian rhythms of *cuA*£fng » wheel activity- in 

golden hamsf"ers (Mesocricetus ,aaratus) with GST-"ablation* 

differed o from those of -control hamsters*. Phase: advance 

shifts to $oth light and darlt-pulses were reduced by 

-ablation q$ the GST, whi^e no differences were seeft in 

phase delay shifts. Wheel -running \ rhyUim.<s oi -_ 

GST~ablated'«hamsters also failed to respond normally-to 

housing under, continuous illumination, SpecLf*ir<"iIly. 

GST-ablated .hamsters displayed rhythms with unusual 

periods and • did not generate "split" activity rhyl,hfnn 
> ' *> 

typically observed in'intact animals. 

Anatomical experiments indicated by two methods that 

' the GST * is characterised by neuropeptide-* 

Y-\mmunoreactivity. ' First, '• neuropeptide** 

Y-immunoreactivity - was reduced in the suprajnhi asmatio 

nuclei "after GST ablation; second, neurons of bbef GST 

were double-labeled for neuropeptide Y-immunoreactivity 

and for a retrograde tracer transported from the 
IX 
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r1 

anprachiasmatic nuclei. GST neurons were' located in-the 

intergenlculate; leaf-let. (IGL)"°>and_-part"s of the ventral 

LGft (vLGM). ' Thes'e areas were shown to receive retinal,* 
. • n ' • * * ' ' , 

input. . n .- , , , . .̂̂  

• The " responses of GST neurons to light were studied 

.with extraaellular \ electrophysiological recordings .-

.Visual responses of neurons located in the -IGL differed-

from those in the yLGN, with 'the great majority of IGL 
" • V 

• y ° 

neurons showing i sustained "on" responses, to diffuse-
»« -

retinal illumination. Discharge rates* of these neurons 
' ' ' ' -. ' *' " " * * 

increased monotonically as light intensity was increased 

and saturated over 2 -- 3 log units of intensity changes, 

Many OST neurons had binocular input, â nd jinput from the 

ipsilateral eye was^ften inhibitory. 

Thes'ex results indicate .that GST neurons «can provide 

information about ambient light intensity to the 

suprachiasmatic nucleir< This input .alters the 
lb 

v responsiveness of "-the circadian system to photic 
" a — 

information. 
-•••„ 
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r.TST OF ABBREVIATIONS 

APP - avian pancreatic polypeptide 

CT - circadian time 

BD - constant" darkness 

jiLGN - dorsal, lateral geniculate nucleus 

GST - geniculo-suprachiasmatic tract 

HRP -- horseradish peroxidase 

IGL=*- intergeniculate leaflet 
r> „ 

LL - constant illumination . 

LD - light".dark cycle *• 
a 

n.s. - not significant; p > .05 

PBS - phosphate buffered saline » 

• PEC - phase response curve _ * ; 

REM - "rapid eye movement, . i ^ 

SON - supraphiasmatic nucleus 

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

s.d. - standard deviation 

TMB - tetramethyl benzidine 
„ r 

vLGN - ventral lateral geniculate nucleus*-

,* vLGNa to vLGNe - divisions of the vLGN of the* «-at ^ 

* vLGJtfeeT -" external par€ of the^extemal division of the 

/ 
vLGNei - internal/ .*pm:t of the external division.otfvthe 

vLGN ' 

xi* 
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vLGNi - internal division of, the vLGN ' * 

WGA-HRP ~ wheat germ agg-lutinin-horseradish peroxidase 
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CHAPTER I. General introduction 

Circadian rhythms, rhythms which have periods, of 

about 24 h, are quite prevalent in biological systems. 

The * adaptive value of such rhythms may be that they 

/allow an organism to anticipate? an event which occurs 

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

have a better'1 chance of survival if it Hands its period 

of* activity before a predator awalCes, instead of running 

for cover only after catching sight of the predator. 

Some behavior-' patterns -which vary ov^r 24 h might 'be 

passively driven by External events; however, the use of 

the t<erm ""circadian" is reserved to connote rhythms 

'which" are endogenously generated. These rhythms will 

persist for-at least several cycles in the absence of 24 

h cues i 

The hypothalamic suprachiasmatic nuclei/(SUN) appear 

to be important in the control -of 'mammalian circadian 

-rhythms. This small group of densely packed cells is 

located slightly -above the optic , chiasm, near the 
/ " 

midline in mammalian brains. ,Ablation of the SCN "causes 

.th§ ""loss of circadian rhyfhmicity in many physiological 

systems (Klein and Moore, 1979; Moore and Eichler; 197$; 

Van. den Pol andPowley, 1979; Stephan and Zucker, 1972; 

Stetson and Watson-Whitmyre, 1976; 'but see Prosser et 



2 

al., 1984)'. 

Several lines of evidence indicate that theSCN can 

act as a self-sustained oscillator. . The-SON of many 

mammals »show a daily rhythm in 2-deoxyglucose uptake 

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

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

rats this rhythm has been shown to persist, in constant 

darkness (Schwartz, Davidson and Smith, 1980).v A 

circadian rhythm in multiple unit activity has been 

shown to persist for up to 35 days in the SON when.it is, 

neurally isolated from most of the rest of the brain in 

a so-called "hypothalamic island" (Inouye and Kawamura, 

1979, 1982-).- Other brain areas, when surgically 

isolated from « the SCN, show no circadian rhythm -iea. 

multiple unit activity. A circadian rhythm in unit 

.activity has also been demonstrated in cultured 

hypothalamic slices containing thet SCN *;(Green arid 

Gillette, ^1982; Groos and Hendriks,. 1982; Shibata, 

Oomura, . Kita and Hattori,. 1982). Rhythmicity can be 

I restored afteyr SCN ablation by grafting fetal SCN tissue/ 

into the t „ third ventricle (Drucker-*Colin ef. al., 1984; 

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

act as pacemaker for activity rhythms is provided by a 

study showing phase shifts in the^onset of"" activity 

rjhythms following electrical stimulation of the SCN iii 
""'i ' ** 

'-'hamsters and rats (Rusak and'Groos,. 1982). 
v. 

~ 1 
* •> 

r - , 
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Light/dark .cycles are probably the most important 

entraining signals to mammalian circadian systems* under 

natural conditions. There .are two known anatomical 

pathways by which ihformation.on retinal illumination 

may reach the SCJil, Some retinal ganglion cells p,roject ̂  ,/ 

directly to the SCN via the retinohypothalamic'tract 

(see ~ Figure 1A; Hendrickson• et al., 1972; Mai and 

Junger, 1977; Moore, 1973;-Moore and Lerin, ' 1972;, Tigges . 

and 0'S$teeno, 1974), Retinal ganglion cells also project . 

to the lateral geniculate area of the thalamus (Frost, 

. So -and Schneider, 19-79"; Hickey and Spear? 197B). 

Neurons in' the • geniculate in turn project to the SON, 

via the genxculo-suprachiasmatic tract (GST; see Figure 

,1B). The area of termination0,of the GST in the SCN* 

overlaps that of the retinohypothalamic tract fibers 

(Card and Moore, 1982; Legg, 1979a; Pickard, 198U; Ribak 

and Peters, 1975; Swanson, Cowan and Jones, 1974). 

It is' not at all clear just what functions are 

served by this indirect visual pathway from" the 

geniculate to the SCN. , As' wiiljae reviewed later, 

previous studies of entrainment capabilities of animals 
' " a '* 

, ' i ° 
•>- with geniculate lesions , have failed to "find dramatic 

effects attributable to the loss of this putative 

v entrainment" pathway. The aim** of this thesis is to 

increase knowledge of/. .jt>h,e anatomy, physiology,- and 
» , i < • * is • 

functional aspects-of the GST, ,This work will hopefully 

C 
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•lead to a more thorough understanding-of the functional 
a t 

role of the GST in the circadian system, and, 
a-

r * " 

ultimately, to ,-a better understanding of the process by 

which light-dark cycles entrain mammalian circadian 
1 

rhythms, , " * s 

• In the next chapter, I will describe experiments on 
\ 

hamsters in 'which' the - GST was "ablated „and circadian 

rhythms were monitored, Patterns of phase shifting to 

a both dark pukses and light pulses were examined,and the 

phase response curves from animals with»j£ST ablation. 

^were^ compared with thosey6f control animals. Thp light 

pulse phase response curve can be used to describe how 

an oscillator might maintain entrainment with a 

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

Appendix C ) . It is thought that these phase response 

curve measures may provide a better analytical tool for 
* *> 

understanding changes in entrainment mechanisms after 

GST ablation than the cruder * measures of previous 

studies. * * 

The changes observed oin phase shift responses 

" described in chapter II could be related to phase shifts 
a 0 

observed , in hamsters after microinSections of 

neuropeptide ' Y into the SCN (Albers'and Ferris, 1984), 

In chapter- III, anatomical 'experiments designed to 

characterize the relationship between neuropeptide Y and 

' the- GST are described.* " Double-labeling and lesion 
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4 studies established.that neuropeptide Y immunoreactivity 

is associated with the GSjJ.. Further experiments defined 

the location of neuropeptide Y-immunoreaotive neurons in 

the geniculate area and the patterns of retinal input^to 
i' , ' 

these neurons. _ , , * 
* 

5From the patterns of retinal input to GST neurons, 

it was hypothesized that -these neurons might have visual 

responses different from those of other neurons'in the 

geniculate area. ' In." chapter IV, "resultŝ  from 
* * 

extracellular, recording's of single unit activity in the • 

geniculate area are presented. 'In these experiments, 

' responses oi GST neurons to whole^eye illumination were 

characterized and .compared with* those of'neurons in 
*» « 

surrounding areas. • Luminance thresholds were measured 
and compared with those of visually responsive SUN 

r 
- neurons. - . _ . 

The f i n a l chapter summarizes the major r e s u l t s of 

t hese experiments1: E lec t rophys io logica l s tud ies of "GST 

•neurons suggested t h a t GST neurons provide information 
/\ 7. 

about lig#6 intensity to the pacemaker neurons of the 

SCN. When these results were related to a quantitative, 

model of a circadian pacemaker such as that proposed by 

Enright (1980), they suggested that effects of'GST 

ablation might be modeled by changing the dynamics of 

the,, variable in this model (the threshold) which is 

posijbed to change with light intensity. This approach 



proved' fruitfult both in predicting .the behavioral' 

effects of GST ablation described" in chapter II and in 
«.- * » • 

predicting further effects of GST ablation which have 

not yet Been described and which provide future tests of 

this model- ' 

0 

<* 



Figufe 1. A schematic representation of^putative photic 

entrainment pathways in - the hamster brain.. 
r 

Retinal ganglion cells send axons in the 

optis nerve (ON) to the area of the optic 

chias'm (<0Cr).
B " Some axons terminate 

' ' ' i *• 

bilaterally* ""in the' suprachiasmatie nucleus, 
* ' 

• *(S0N) ventral.to the third ventricle (V III)-

(see hatched area in A.). Other" retinal 
' i . • * 

ganglion cell axons project past the 00 and 

follow the optic tract (OT) to terminate in 
• * « 

, 'the .lateral geniculate nucleus (LGN). ' Some" 

ne.urons in the LGN send axons along the 

geniculo-suprachlasmatic tract (GST') to the 
y * ' 

' SCN (s&'e dotted area In B. ). Three frontal 

„ sections of the brain are represented in B. , 

are^pged rostral to Caudal. * ' • 

• ' » if, 

j \ 



- / 

. * 

A 

sew 

t . -

B 

Retina 

* * ' 



' a 

CHAPTER I I . Phase s h i f t i n g behavior of hamsters 

with* rablation' 'of' t h e geniculo-suprachiasmatic 

t r a c t (GST)v 

II.A. Introduction and literature review 

In this chapter, experiments testing the phase shift 

responses of hamsters with geniculo-suprachiasmatic 

tract (GS°T) ablation will be described. The destruction 

of the neurons of origin of the GST entails destruction 

of^jaost of the ventral lateral geniculate nucleus, In 

the first section of the introduction, 1 will review 

previous work ' -related to effects of ventral lateral 

geniculate nucleus ablation which may be additional- to 

effects of sucht^ablation on the circadian system,* In 

the second section, I will review previous studies of 

effects of GST ablation on circadian rhythms. The third 

section will describe the rationale for the experiments 

to follow. 

f 

n 

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

lateral geniculate ablation 

Several studies laaye^examined the effects of ventral 

lateral geniculate nucleus (vLGN) lesions on general 

visual capabilities. An unambiguous role for the vLGN 

in * visual functions has * not yet been determitredy 
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yf 

although perhaps t*he most^ consistent finding is a 

deficit in. visual intensity discrimination-after vLGN 

ablation. One difficulty in interpreting the studies 
i 

'below is that vLGN ablation is. usually confounded with 

incidental destruction of the primary optic tract and, 
li­

the dorsal lateral geniculate nucleus, due .to. the , 
» - • . * , - ' * * « 

• . "* r 

proximity of these" structures to the vLGN. Control 

animals with only dorsal lateral geniculate andsprimary 

optic tract damage are required for firm conclusions 

about visual deficits attributable specifically to the 

vLGN, 

Horel (1968b) studied the effect 6f large* vLGN 

lesions on a black-white discrimination task using." rats. 

Rats with vLGN ablation required more trials to relearn 
S 

•o * •A 

the task than was required to Team it before surgery. 

The total size of the lesion was highly correlated with" 

the amount, of deficit observedr however, the amount pf St3 ..optic tract damage was as strongly correlated with the 

amount of deficit as was the amount of damage specific 

* to the,VLGN, indicating that- the lesion effects may have 

"been due to incidental optic tract- damage,xl Horel 

(1968a) also reported that knife cuts medial to the vLGN 

that, extended into the zona incerta prevented retention 

of a previously learned,black-white discrimination. The 

tentative conclusion^ of the author is that the vLGN is 

involved "in relaying information concerning the density 

\ 

^ 
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of liimijaous flux, but these data are not very convincing 

due to the lack of proper controls. \ • [ 

Thompson, -.Truax and Thorne • (1970> studied the, 

effects- of knife cuts between the vLGN and the posterior 
1 * i 

nucleus of the .thalamus on retention • of a visual 

discrimination. Rats with knife cuts which completely 

.severed the ;connections between thei vLGN and the 

posterior nucleus failed to relearnja discrimination 
\ \ y 

between a large, and a.*sma3j-l white dis'k, Animals with 
knife*cuts erring*in the rostro-caudal plane so that the 

/ * ' * 

t ransec t ion-be tween these two nuc le i was incomplete were 
, * •- " ' 

*" ' r*-v J 

indistinguishable from controls -rn their retention of 
<. « 

previously -taught discriminations. From these results, 

it 'seems possible that,a connection between the vLGN and 

the 'posterior -thalamus is es-sential for the formation 

and maintenance of some visual discriminations in the 

rat. ' > 

Legg (1975) examined the pupillary light reflex'1 in 

rats with various subcortical'lesions, The pupillary 

light reflex has long been thought to be .controlled in 

patt by the pretectal thalamic nuclei, Legg found ,that 

half of* the rats with vLGNTlegions showed mydriasis 

(abnormally dilated pupils). The fee "" raits had largo 

lesions thâ t jiatiiaged most of the vLGN bilaterally, The 

animals with vLGN lesions could perform a vHimal pattern r/ 

discrimination^ task, begg took this to indicate'thai 
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. 'the . optic tract _was not wholly severed and^that the 

mydriasis 'sejen after vLGN lesions was not simply due tto 

.destruction of the fibers from the retina to the 

pretectal nuclei.* There, was" no explanation for why>sOme 

. rats sustaining large vLGN lesions did not^ show 
/ 

mydriasis. ' A / 
~ Legg1 " concluded that the vLGN is involved in the 

\ - - t ' 

control of the pupillary light reflex. This ,conclusion 

.is weakened by results of a study by Schneider and 

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

fibers running along t̂he lateral- edge of the vLGN, 

Schneider et*al. showed that the optic tract fibers traat 

1 coû 'sjlv 'through the main body of the vLGN pr/ject 

specifically to t̂he pretectum. Thus,' the effects of* 

' vLGN lesions observed by Legg could very well be due to 

destruction of the retinal input to the pretectum, even 

\ if it appeared that 'retinal input to oifcher thalamic 

nuclei was functionally intact. 

Legg and.' Cowey (1977a) reported a series* "of 

experiments indicating that the vLGN may play a role in 

light \intensity discriminations. they assessed 

capabilities of rats with vLGN lesions' in the 

, -performance > of " either black'-white (intensify) or„ 

. vertical-horizonta,! (orientation) discriminations. In * 

the first experiment, postoperative acquisition of these 

two tasks was assessed in animals with various 
, ' . * - r 

e> •> " * i i 

I 

file:///intensity


«r 

subcortical lesions. Rats with lesions of the vLGN or 

the posterior thalamus were impaired on .the intensity 

but not the orientation discrimination when compared to • 

sham-operated controls. In the second experiment, 
, j 

animals received . mofe discrete vLGN .lesions and 

postoperative acquisition of the two tasks 'was again, 

assessed. Damage to the vLGN varied between 35 and 90.% 

and damage to the surrounding -visually-related nuclei 

was ifiiniirial. The same-*pattern of results as previously 

described was observed. - In the third experiment, the 

same tasks were used, but postoperative.retention was 

assessed.. , The vLGN-leslon animals werea-geiin impaired 

on the intensityabut not the .orientation discrimination 

as compared jwith sham-operated controls , 

Legg and Cowey (19*77b) carried this research further 
\ 

with different tests of light intensity discrimination. 

They found .that light avoidance was unimpaired after 

vLGN lesions in rats. The previous finding, that rats 

with" vLGN lesions were impaired on an intensity but not 

an orientation discrimination, was replicated, Further 

work indicated ' that" this impairment was seen -whether 

stimuli were presented simultaneously or successively.. 

In the fina^^ experiment, brightness discrimination 
' • * - . • ' . ; 

thresholds were assessed. Results suggested that the 
' * • * * 

rats with vLGN lesions-had elevated relative brightness 

thresholds, although absolute thresholds were the pdme 

u,Af 1i,*^ 
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as controls. These finding's arose^from data on a total 

of 5 ra^s with vLGN lesions and 6 sham-operated'rats. 

All 5 rats had bilateral damage (ranging from 35 to 90%) 
A i 

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

vLGN and the small number of animals tested severely 

limits the conclusions that* may be drawn from this 

study; 

Legg (1979b) reported that animals with lesions in 

the lateral- and posterior portions of the zona- incerta 

were impaired %« on black-white and bright-dim 
a 

discriminations but not on » horizontal-vertical 

discriminations,. Since this pattern of deficits is 
• * 

similar to that previously- reported folowing vLGN 
-» ' 

lesions, it is possible that visual intensity 

information is relayed from the vLGN to other parts of 

the nervous system via the zona incerta. 
0 

a 

t In summary, it appears 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 retinal 

fibers or of nearby thalamic nuclei. ]BetteU controlled 

studies, -possibly making use of neurotoxins which 

^ selectively destroy neurons and noju—axons ? ; will be 

required before a functional role for the VLGN in visual 
perception is defined. 

f 
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II.A.2,, Changes in circadian rhythms after disruption 

of the ventral lateral/' geniculate nucleus 
. / • ' 

Studies of the role of the vLGN in circadian rhythms 
/ > 

have utilized animals w/th destruction of either the 

i VLGN or, the primary, optic tracts posterior Jth the 

' *• ^ r chiasm. Ablation of the primary optic^tracts would 
*«. >r 

involve destruction of primary visuaJKafferents to the 

vLGN (as well as those to the res4 ,of the thalamus and 

the tectum)> but would presumably leave , the> 

retinohypothalamic tract to the SCN intact. In 

addition, depending -on the placement, primary optic 

^ , ^ tract k lesions may damage neurons in the vLGN or the 

lateral hypothalamic area." The lateral hypothalamic 

area receives direct retinal innervation (Rita and 
i 

- "Oomura, ' 1982; Mai, 1979; 'Riley,• Card and Moore, 1981) 

and has been suggested as the locus for the oscillator' 

controlling rhythms entrained by food and water 

restriction (Riley, Card and Moore, 1981; -but see 

Mistlberger and Rusak, 1985). Lesi,6ns of the vLGN or 

the primary optic tract would also pro'bably destroy at 

least some of the dorsal raphe afferents to the SCN 

' > (Azmitia and "Segal, 1978). Some raphe ceils have been 

\ shown to be 'responsive to visual .stimuli ('Mosko and 
')" 

Jacobs, 1974), Thu,s^ qhanges in the responsiveness of 
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circadian rhythms to lighting ponditions following 

primary optic tract lesions may'not in every case be 

attributable to the loss of retinal innervation to the 

vLGN. Both the lateral -hypothalamic area and the dorsal 

raphe are, areas that may .possibly provide photic ' 

information to the circadian system. 

Primary optic tract lesions do not appear to disrupt 

daily rhythms of pineal hydroxyind-ol^-O-methyl -"'*"' 

transferase activity (Chase, Seiden. and Moore* 1969), 

adrenal cortice-sterone levels (Moore and Eichler, 1972), " 

or- pineal N-acetyl-transferase factivity (Klein "and 
«, \ 

Moore, 1979). 

Stephan and Zucker (1972) studied the effects of 

"^primary optic tract lesions^ on circadian rhythms of 

-water intake. In this study;" rats received large primary 

optic tract lesions, including extensive damage to the 

LGN and to surrounding areas. Under a light:dark (LD) 

cycle, these animals resembled intact rats (Zucker, 

1971) in that they confined approximately 90% of 'their 

water intake to * the dark phase. Under continuous 
. « • * , * . 

illumination, rats 'with-' primary optic tract lesions 
% > ... -. 

showe^r an enhanced suppression 'of water-intake (measured 

relative to postoperative baseline measures of-wter 

Intake under an LD cycle) as compared with pre-operative 
» 

measures. The rate of acquisition of nocturnality 

following Reversal of the LD cycle was also measured. 
/ •* 

/ . 
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Ano informal comparison- of rats with primary optic tract 

, lesions'to intact rats -fardm another experiment indicated 

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

their degree of nocturnality, although in the first 2 

days -the primary optic tract-lesion animals were 

phase-advanced, relative to the intact rats. The authors 

concluded that primary optic "tract lesions +do not 

significantly affect photic entrainment of drinking 

rhythms. However, the measure of "drinking rhythms used 

in this study (% of water" intake in the dark phase) 

would probably not be sensitive to subtle changes in 

, entrainment patterns. As well, a proper control group 

of intact or sham-operated'rats was not included In this 

study, • / 

Zucker, Rusak and,King /(197.6) studied ,the effects ot 

large LGN lesions c-rî  the circadian rhythm of wheel 

running- in golden hamsters,^ Wheel-Running patterns of 

both control hamsters and hamsters with bilateral or 

unilateral LGN lesions were exclusively ""nocturnal during 
/' 

maintenance on a 12=12 LD cycle. The rate at which 

wheel running re-entrain^d following a reversal of the 

LD, cycle 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 

hamsters with bilateral. LGN ablation which required 22 

to 30 days to accomplish the same phase shift. The 
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hamsters with unilateral LGN lesions did not appear to 

differ from control hamsters. The authors concluded 

that the * primary optic tract may be of considerable 

importance for responding to phase shifts in the 

illumination cycle, perhaps because of disruption^ of the 

projection from the LGN to the SCN. However, 

conclusions from this jstudy are. limited by the very 

small number of animals^tested (a total of 12), This is 

^-especially critical in light of Stephan and Zucker's 

"(1972) indication that rats with primary optic tract 

. lesions do not differ fromJintact rats in their rate of 
<! **Jf I • 

^e^&lrfcablishing . noc tu rna i i t y of dr inking rhythms 
» * * 

following LD cycle reversal, 

* In a later study (Rusak, 1977) photic entrainment of 

wheel running activity was studied in golden hamsters 

which had received primary, optic tract lesions that did 

toot, damage the LGN. Five hamsters had complete 

bilateral destruction of the primary optic tract. One 

of these animals showed normal entrainment and a rhythm 

swith a" normal" period. The other four animals 

demonstrated some abnormalities in the pattern of their 

activity rhythms. *The most consistent difference found 

between these animals and sham-operated controls was 

that of unusually long periods of their free-running 

rhythms in dim constant illumination. Two of these 

hamsters phase-shifted very slowly to a 4 h phase delay 
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•in the LD 14:10 lighting cycle. These 2 hamsters also 

' showed an unusual phase angle .ol̂ jjnTTirainment to the, LD-

cycle, extending their activity into the late light 

phase. Since one oanimal sustaining a primarytoptic 

tract lesion did not differ from the controls, one can 
« 

f 
conclude that the primary optic tract is not necessary 

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 

constant light and possibly also affecting entrainment 

patterns, 

, This issue was re-examined by Rusak and Boulos 

(1981) using hamsters with lesions of the primary optic 

tract similar to those in the previous study. Hamsters 

were maintained under either LD, constant light or 

constant darkness prior' to and immediately aft<§r 

surgery. Some animals were later transferred_ to one or 

both of the other lighting conditions. Under all three 

lighting conditions( changes in the pattern of activity 

rhythms*' were attributable to the lesions, but these 

effects were» quite variable between animals, Under an 

LD cycle, some animals showed an increase in the 

duration of their active phase. Most of the hamsters 

that received lesions while in constant darkness showed 

an increase in/the period^of their rhythm within a few 

days of surgery, usually accompanied by a lengthening of 

* <t 

ft 
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the duration of the active phase. Under constant light, 

some animals showed a dramatic 'lenlfthening of their 

rhythm's period. - Others, however, showed-a temporary 
* -

decrease in period after the lesion, which then 

increased again after -several days or weeks, stabilizing 

at pre-lesion values-^ An effect of the lesions which 

seemed to be unrelated %o the lighting condition was an 

increase in total wheel-running activity seen in some 

animals, It was suggested that the effects of primary 

optic tract lesions observed in this and the previous 

study may he due to changes in coupling between two or-

more oscillators controlling activity rhythms. 

Donaldson- and Stephan (1982) studied the effects of 

LGN lesions on circadian organization of drinking 

rhythms in rats. Since the major purpose of this study 

was to examine effects of altered symmetry of visual 

•input to the SCN, these lesions were combined with 

unilateral-"SCN lesions and with unilateral enucleation 

in some cases. Animals were first, tested under a LD 

12:12' cycle. « This lighting cycle was then reversed J 

Three weeks later animals were housed ,in total darkness 

and then in constant light-,._ each for 20 days. No 

differences between * intact rats and , rats with LGN 

lesions were noted under any lighting cycles. These 

rats wete then given the same series of lighting 

Conditions after unilateral eye enucleation. Both 



groups required significantly more1 days to re-entrain tb 

' the reversed LD cycle after unilateral blinding than 
J * q 

they, did with both eyes intact. Therefore, it appears 

that rats, with LGN .̂ lesions respond to altered symmetry 

of visual input in a manner similar to - intact "control s 

This may indicate that*effects of unilateral blindin 

can be mediated by altered SCN, as opposed to-LGN 

visu°al - input. The decreased rate- of re-entrainment 
i>» - . * . * , 

' after unilateral blinding probably cannot be explained 
* ° ~ 
by d simple decrease in amount of -visual input to "the 

0 

SCN, since raits 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 hypothesis that 

altered symmetry of 'visual input to the SCN is 

responsible for changes in the^rate of re-entrainment. 

HoweYer, Zucker, Rusak and KingXl976) reported that the 

rate of re-entrainment of hamsters with unilateral LGN 
¥ / f 

lesions . was- faster than that of hamsters with, bilateral 

LGN lesions which presumably left the SCN with symmetric 

visual input. -Thus, at this point it is unclear what 
" « *> 

importance „,symmetry of visual -input may have for the 

^circadian' system. It does'appear that LGN lesions do 

not "affect the. rate of re-entrainment of . drinking 
I tr «* ft ' ' » 

rhythms ;to a*reversed LD cycle in "rats, This'indicates 

the nee'dtjfor replication of the study (Zucker, Rusak and 
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^~ King, 1976) showing . the opposite result 'using 

wheel-running rhythms of\hamsters. 
t 

• Sisk and 'Stephan (1982) examined sleep patterns of 

, rats with primary optic tract lesions , housed-under 

either 24 h (LD 10:14) or- -i h (LD 0 . 5: 0 . 5) lighting 

cycles. This experiment was run, in four consecutive 

days. During the first 2 days the LD 10:14 cycle was 

presented and during the last 2 days the LD 0.5:0.5 

* condition was imposed. Differences in the distribution 

of rapid eye movement (REM) sleep between the group of 

rats with primary optic tr̂ fst lesions and the intact 

control rats were observed under both lighting cycles. 

Under LD 10:14, the control group rats showed-REM sleep 
• * » 

evenly distributed throughout 24 h. In, the group of 
* t 

rats with primary optic tract lesions, time spent in REM 

sleep - decreased to very low levels in the- last half of 

the dark phase. _ This could indicate that the primary 

optic tract normally plays a role in inhibiting a 

circadian modul&'mon of REM sleep distribution. Under 

LD 0,5:0,5, the control rats confined almost all of 

their REM sleep to the dark phases. -The' rats with 

primary optic tract lesions, on .the othê r" hand, showed"' 

only slightly more REM in tfhe 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. 



Interpretation of these data is difficult due to the 

fact .that data from all animals in a* given condition 

were , grouped for analysis It is not clear that 

individual animals showed the pattern" seen in the 

grouped data, In addition, since it is possible that 

animals with primary optic tract * lesions may show 

deficits in entrainment to lighting conditions, more 

than 2 days should probably have been allowed for 

entrainment to the LD* cycles , used - in.» this study*. 
i • - * 

However, the suggestion from this study that rats with -

primary optic tract lesions /show REM,sleep patterns 

-differing from thotfeu of intact rats should be examined 

further and" anlnjals withyvLGN lesions should be tested 

for similar deficits. 
/ • " * 

In conclusion, it appears that neither primary "optic 

tract (Stephan and Zucker, 1972)' nor LGN (Donaldson *nd 

Stephan, 1982) lesions alter "photic entrainmentr of 

drinking rhythms dn rats. Although it has been reported""" 

that hamsters with LGN lesions , /show .slower 
/ 

re-entrainment of activity rhythms '-to a reversed LD 

cycle (Zucker, Rusak.- and King, 19^6), replication of 

this finding is necessary^in light of the absence of a 

similar effecit found for drinking rhythms in the ratr 

After primary optic tract lesions, hamsters show various 
•> 

irregularities in activity rhythms, the most consistent 
i 

of which is an increased period; however, these effects 

S 
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are quite variable across animals (Rusak, 1977; Rusak 

and Boulos, 1981). Finally, there is some evidence that 

primary optic t^act lesions in rats lead, to a change in 

the distribution of REM sleep under various*lighting/ 

cycles (Sisk and Stephan, 1982). - ' ; > 

A problem common.to all of these studies is that the 

lesions were histologically"assessed without the aid of 

modern anatomical - techniques. Thus, lesions of the 

primary^ optic tracts could have been assessed after » 

infections of ̂ anterograde tracers into the eyes produced 

labeling of surviving retinal afferents.. As is 
* t 

discussed in chapter III/ the density of neuropeptide 

Y-immunoreactive fibers in the SCN provides an estimate 

of the degree of damage to the GST. Sinpe 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 lesijons. t<,,_ 

\. 

II.A,3 phase response curve Introduction 

experiments 

The failure of previous studies to,demonstrate a 

clear role for the vLGN in circadian organization may be 

due to insensitivity of the assays used to measure 

changes in the entrainment mechanism-/ Alternatively,* 

rodent's may be able to entrain circadian rhythms'.'using 

either the projection from the geniculate to the SCN or 
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the projection from the retina ̂ -to- the SCN." It is 

technically very .difficult . to selectively, destroy the* 

retinohypothalamic tract, sparing the 'ret'inal input to 
-« ' ' * - ... 

the vLGN and the projection from the geniculate to the 
* 

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

'the retinohypothalamic .tract to identify separate 

contributions'' of the retinohypothalamic traoV and 

geniculo-suprachiasmatic 'tract to entrainment 'of 

circadian rhythms. It may * be possible, however, to 
r, . "3-

, -ft " 

determine if animals ' with GST . ablation differ fi"om 
'fSL. 

control animals in'their entr.ainment capabilities dimply, 

by using behavioral assays which are potentially mure 

sensitive than those,utilized previously. 

One behavioral assay which may be more sensitivo 
* ' - - • 

than those used previously is the phase response ourvo 

(PRO). The PRC»is constructed'by measuring the phaan 

shifts in rhythms induced by' treatments given at various.. 

times of the day relative to «a standard phase uf the 

rhythm (a "circadian time"). For hamster activity 

rhythms, activity onset is generally used as th«? 

standard tfhase and is' labeled circadian time (CTf 12. 

Since a hamster's activity normally occurs duri$p£ the 

dark part of a light:darfc cyclef when the hamster ir, 

housed under constant lighting condition.** we nail the 

half of. the cycle1 in which the hamster is'active' thn 

"subjective night". • ""The 'othex/ half of the. cycle \v> 



cal.tedv the "subjective day", Phase response curves for 

* light/: pulses -given to hamsters . housed ,, in constant 
/ *" * 

.darkness show phase -delays in the late* subjective day 

•*and early subjective night (CTs 10 to 14.) and phase • 
„ m ' ' 
advances in the5 Tate subjective night (CTs,18 to 22). 

.NPulses given 'through mostof the sub jective" day-have 
Bfca , ' „ • 

l i t t l e ' o r "no phase / s h i f t i n g e f f e c t ! This p a t t e r n of j * * , 
ft -t-i % o ' . ' *> 

response has., bees' incorporated- into-^ a theory of' 
*" jf ^ fiT** w i**" *. 

- * % 

-^entrainment „that acco'unts for many aspects of. circadian " 

-organ}nation (E-itte.ndrigh and Daah,- 1976b; see Appendix 
• * <f 

Jn addition « to the light pulse PRC, it" is also 
*» ' 

o 

.possible *>to construct „a PR6 for dark pulses given to 
-te-

animal's housed in constant light. The dark pulses must ° 

be consideJlably longer than light pulses to elicit a*""""""""' 
. . ' *»• 

„ .significant phase shifting -effect (e'.g.j 6 h,vs* 15 

min). „„ The PRC*- t,hus ,, generated differs from that for 
r „ « 

light pulses..^ ̂ Dark pulses in the subjective day and * 

•early subjective night advance the-rhythm, while pulses 
0 

/ » . 

in the late* "subjective night produce ' phase"delays, 
/ " c -' 
/ 

There appears ' to be no time of day when pulses have no 
.effect. a The determination of the dark pulse PRC has 

r 

,been relatively recent (Boulos and Rusak,'1982; Ellis, 

WcKlveen , and Turek, 1982)'- and has been difficult to 

incorporate into previous- theories of„entrainment. The 

dark pulse PRC is of special interest here, 'however*, due 
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to. a report by Albers ,and Ferris (1984) on the pattern 

of * phase' shifts after microinjection of neuropeptide Y 

near the SCN of a hamster. These phas/e shifts varied in 
« j* 

d i r ec t i on and ' magnitude with the jphase of the animal \s 
v i 

rhythm at which the neuropeptide Y was' administered, 
* o j 

The resulting PRC clos&ly resembled*. tVie PRC tor. dark * 

pulses. At, least some of the cells ,of >khe GST may be - " 

identified "-by their immunoreactivity to, 'neuropeptide Y » "' 

in « the rat "and hamster (Card .and, Moore, ,J.982;> 
Harrington, Nance and -Rusak, 1965), Thus, AlfoeVs' * 

results may indicate that the " GST is -involved in 
* • , ' ** i 

producing phase shifts to dark- pulses, perhaps by 

release of neuropeptide* Y. _ In - support of this 

hypothesis, a similar phase response curve was "observed 

for hamster activity ( rhythms after J electrical 

sj^Ajnulatlon—^f-^-t^h^'vl^N-^-Mei^^r^r-Rusak-- and~ilaxrington, 

1984). ' . ' . • 
* 

The experiments to follow were designed tô  assess 

phase response1, curves for both dark pulses and light 

pulses after GST ablation in hamsters.- A decrease' in 

advancing phase -/shifts in the GST-ablated animals was 
- r y 

' observed in' the PRCs for both types' of J pulses. 
S 9 

GST-ablation - did not appear to alter delaying phases-

shifts. Animals with GST ablation also differed fro 

NN 

controls in the responses of their^aotivity rhythms/to 
« *- — „ •** f yy J 

exposure to v constant light; thjaur rhythms had shorter , . 



periods during continuous illumination and they were 

less likely to show rhythms split into two components 

coupled in approximate antiphase. 
'-c 

V / 

••6 ,. 

«4 
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<R II.B. Experiment 1: 'Light pulse "phase response "curves" 

* > • , 

II.B.l^a. General methods for Experiments 1 4and 2 

.. Adult. male golden hamsters (Charles River 

La\keview) . were taken from a colony .room -kept under a 

° 14:10 h* light dark cycle (lights on'0600 h to 2000 h, 

Atlantic Daylight Time)- and were housed in individual 

cages (46 X>- 25 X 20 cm),. .Cages were cleaned and food 
* j? * 

. and water replenished /approximately every ten days at 

random 'times during the light phase. A>dim (3 lux J red 

flashlight was used«if hamsters were housed in constant 
> 

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

routinea exposure. to this light. Cages were equipped 

with running wheels (17- cm in diameter) the rotations <?f 

x . , ^ -

which "activated a pen on an Esterlirie Angus event 

recorder.. Each individual hamster's running wheol 

repord was cut into segments representing 24- h and each 

day's record was pasted below .the previous day's. 

After freerunning rhythms were established,• 

•. hamsters were exposed to light or dark pulses given at 

various circadian. times (CTs), with CT12 being defined/' 

"as ponset of running-wheel activity and all measures 

normalized to correct for differences in freerunning 
* •, s 

•periods (Pittendrigh,and Daan, 197>6a). A minimum of 10 
days separated pulses to allow stabilization of" the 
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rhythm. ' Phase shifts were assessed by -calculating two 

regression lines*, one line through at /Least "'"ten 

, successive activity .onsets * before the pulse and the 

i other line » though ten onsets after transient responses 

to the pulse- had disappeared. TKese regression lines 

• were extrapolated to the0 first day after the pulse, and 
«. 

the difference between the two extrapolated onset phases!1 

was used as an-estimate of the phase'shift. 

Some ' hamsters received radiofrequency lesions 

intended to- ablate bilaterally both the intergeniculate 

leaflet ("IGL) and the anterior vLGN, areas which contain 

cells' which project to the SCN (see chapter III.; 

Pickara, 1982). Surgery was performed under sodium 

pentobarbital anesthesia (80 mg/kg). Hamsters were 

positioned in a Kopf stereotaxic instrument with the 

incisor bar 2.0 mm below the? interaural line. 
*. * 

ft 

Radiofrequency lesions were placed at three rostrocaudal 

positions (1.6, 1.1, and 0.6 mm caudal to bregma; 3.0, 

3,15, and 3.2 mm lateral to the midline; and 5.0, 4.65, 

and 4.4 mm ventral to dura) using "a Grass LM4 lesion 

maker. Current equivalent to 1*2 - 15 mA DC was passed 

for 15 seconds through an electrode constructed from a 

stainless steel insect pin insulated except for'0.5 mm 

at the tip. Sham-operated hamsters (n =20) were 

treated exactly, the same as hamsters receiving lesions 

except that electrodes were lowered to 1 mm above the 
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positions "where in other animals lesions were created 

and no current was passed. Animals that died or showed 

poor running records were replaced by new hamsters; a 

total of 62 operated hamsters were studied. 

At the end of both experiments hamsters with lesions 

were given a lethal dose of sodium pentobarbital and 

were perfused with an intracardiac' rinse'of 1% buffered 

sodium nitrite, followed by 4% paraformaldehyde in 0,1 H 

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

for neuropeptide Y-immunoreactivity in the' SCN using 

previously published techniques (Harrington, Nance and 

Rusak, 1985). Completeness of lesions'was determined by 

examining -Kluver-Barrera stained sections thrbugh the 
• i 

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

assessing the density- * of remaining neuropeptide 

Y-immunoreactive fibers in the* SCN 3M£ In some cases, 

in the geniculate area. 

« 

II.B.l.b. Specific methods for Experiment 1 
* - r 

This experiment was designed to assess the effect of 

ablation t of the GST on the light pulse phase response 

curve. Hamsters were housed in cages placed within 

individual, light-tight wooden!'boxes (52 X 48 X 37 cm)* 

A fluorescent light bulb IfSylvania cool white -

F15T12-CW) was attached to the ceiling, and a piece of 

white translucent Plexiglas, .which acted as a diffuser, 
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was placed 30 cm above the cage floor. - Light 

intensities, measured in the middle of each cage, were 

approximately 40 ,uW/em2 or 160 lux (range: 30 .- 50 

"W/cm2). "Lighting could be controlled independently for 

each box. A fan was on continuously to provide 

ventilation and .background masking noise. 
1 

Hamsters were housed in continuous darkness (DD). 

After a stable freerunning • rhythm was established, 

animals were exposed to four separate light pulses_, 

timed so as/to produce intermediate 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 measured 

accurately because of instability in the rhythm, the 

pulse was later .repeated. Once *-phase shifts to light 

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 

the four circa*aian times were measured again (10 -' 121 

days after surgery). 

Three .̂nimals, received no surgery • and served as 

controls for the effects-of repeated measures; tljiey were 

retested in the same manner as ablated animals. The 

responses of 17 additional intact hamsters, to light 

pulses at these four circadian times were measured. 

Thesis animals were not retested because of illness or 
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instability in their activity rhythms. 

II.B.2. Results r „ 

II.B.2.a, General histological results » 

Neuropeptide Y-immunoreactivity in the SCN was 

greatly reduced in hamsters in which the IGL and the 

anterior vLGN ^were completely destroyed. A minimal 
p / 

amount of neuropeptide Y-immunoreactivity remained in 

the ventromedial" SCN after complete lesj/ons (see 

Harrington, Nahce and Rusak, 1985). Greater amounts of 

neuropeptide Y-immunoreactivity in the SCN indicated 

incomplete lesions; this inference was, confirmed in some 

hamsters by direct observation of surviving neuropeptide 

* Y-containing cells in the geniculate area. 

Kluver-Barrera stained tissue allowed visualization of 

the IGL"-vLGN «lesions and the1 incidental damage ,to 

portions of the dorsal lateral geniculate nucleus, the 

medial geniculate nucleus, the *z,ona incerta and the 

ventral thalamic nucleus (s"ee Figure 2 ) . « ' „ 

•» ' 

II.B.2.b,. Results of̂ , Experiment 1 f 
- / 

The pattern of* resppnse to light pulses shown'by 

intact animals in our laboratory was consistent with a 

' pre.viously published 15 min light pulse phase response 

, curve for hamsters (Daan and Pitte'hdrigh, 1976a). The 
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animals which subsequently received lesions showed 

pre- lesion phase shifts., that 'were not significantly-

different from the' other intact hamsters' responses 

(F(l, 59) = 3.464, p > .05). 

Six 'of the ei^ht hamsters receiving lesions had 

complete GST ablation. Each of the hamsters with 

complete lesions given light pulse's at CT18 and CT.,20 

showed decreases in phase advance shifts after surgery 

in comparison to shifts measured before surgery. At 

CT18, the mean (± s.e.m. ) pre-lesion shift of 273 + 39 min 
13 / 

W^s reduced to a mean post-lesion shift of 172 \ 15 min 

(xx = 5; t-test, p < .05). At CT20 shifts were decreased 

from a mean of 212 + 38 min pre-lesion to a mean of 129 i 

19 min post-lesion (n = 6; t-tes't, .05 < p < .10). 

Phase delays elicited by light at CT12 and CT14 were not 

altered consistently by the lesions (see Figure 3). 
i— *, 

Several animals did not survive long « enough to 

obtain retest measures at all four CTs. Because of the 

small number of retest scores obtained for the three 

control animals which did not receive lesions, I did not 

test for- statistical differences between retest values 

for these animals and for those receiving lesions. The 
t' f 

three control - animals did not show substantial changes 
4 

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

largest change shown by a control hamster on retest was 

a decrease of 42 min in the shift produced by a GT18 * 
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pulse; this decrease was smaller than all but one of 

those seen in ablated animals at that, phase. 

There was no change in freerunning period that could 

beS^ittributedteto the lesions; however, most ablated and 

control animals ̂ showed a gradual decrease in period over 

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

1974) Period changes were not correlated with 

alterations in phase shifting. 

,1I.C. Experiment 2/ Dark" pulse phase response curves* ( 

H.C.l. Methods-

For general methods, see section II.B.l.a. 

This experiment-was designed to assess the effect of* 

GST ablation \on the dark pulse phase response curve. 

•Twenty hamsters were housed- in a room with lighting 

provided by two fluorescent, light tubes (Sylvania 

Daylight - F40) set vertically against a wall. 80 cm from 

the, cageg. These tubes generated light intensities of 

5.5 ,uW/cm2 or 50 lux measured'in the middle of each cage-

(range: 5,0 - 6,0 ,uW/cm2), Dark pulses faere administered 

to all hamsters by turning off the room lights for six 

h, /or to individual "hamsters by placing the hamster and 

its cage into a light-tight box (58 X 33 X 30 cm) for , 
*j , " 

six h.' Shifts were not calculated .for hamsters that 

• \ 

• / 

/ 
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showed imprecise onsets^ or . that showed an activity 

rhythm split into two- components approximately. 12 h 

apart. ' t ' 

This experiment was run in three cohorts of 
« / 

hamsters. The" first cohort consisted of 20 hamsters 

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

freerunning rhythms were established (day!28 - 36)*;' 10 

hamsters then received geniculate lesions and 10 

hamsters were sham-operated. On day 51, hamsters were 

placed in constant light (LL) as described above* and 

subsequently exposed to 6 h dark pulses. 

,The second cohort consisted of 20 hamsters housed in 

LL, Ten of these hamsters had received geniculate 

lesions immediately before being placed ' in the room . 

while. the remaining 10 hamsters served as intact 

controls. After a stable freerunning rhythm was 

established for most of the hamsters (day 35V; a dark-

pulse was administered by turning the room/lights off 

for six- h. Six h dark pulses were also given on days. 

51, * 71, and 92 to all hamsters. By day 110, seven 

hamsters showed a "split" pattern of activity; the room 

lights were then turned off and hamsters were kept in DD" 

u n t i l day 130 in order to promote conso l ida t ion of Miheir 
** - -

activity -rhythms (Earnest and Turek, 1982*). Animals 

'were returned to LL on day 130 and" given a final dark 

pulse on day 153. 
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The third cohort ponsisted • of 17' hamsters housed 

under continuous illumination (LL). The purpose of this' 

cohort was to further investigate the results obtained 

from the first,two cohorts, ^.selected one time period 

at which the resultSj from cohorts*1 and 2'suggested 

differences between the „groups in dark pulse-induced 

phase shifts»~(CTS - 10). * Seven GST-ablated and 10 

sham-operated hamsters were tested for their responses 

to dark pulses at this tj.me. All other/procedures were 

identical to those for the first two cohorts. ' * . 

II.C.2. Results » / • 

"-*.*-? For general histological results, see section 

11. a. A, a. * 
I t 

In cohort 1, none c£ the ten hamsters which received 
- ° * *' • ' ' " 

lesions incite early part of the study had complete GST 

ablation:, Two of "the hamsters 'which replaced hamsters 

that died during the experiment did sustain complete GST 

ablation while five replacement hamsters had partial GST 

ablation. In total, five phase shifts after dark pulses 

were recorded from " the two hamsters with complete GST V 

ablation. Measures of 18 phase shifts after dark pulses 

were collected from the sham-operated hamsters Xn J^hls 

cohort. y~>—% 
\ . V ' 

In cohort 2, 8 of the JLQ hamsters which received 
*"-J- " f"*1"' *r 

lesions sustained complete GST ablation'. A total of 28 
1 '. • ' ' & i 

1 - .-
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phase sjhif ts to dark pulses were recorded from these 8 

, hamsters'. Since the pattern of-phase shifts from the 
V 

cohort 2 intact hamsters did not appearvto differ from, 

that or the sham-operated hamsters in cohort 1, the data 

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

shift analysis, as were the data for hamsters from both 

cohorts with complete lesions (n -= 10). * 
- 9 i ' 

Phase shift measures w.exe« grouped into bins of two 
V 

circadian hours each. Differences between the" 
GST-ablated" and control hamsters were observed only for 

„ a •» 
s * 

advancing phase shifts Control hamsters showed phase* 
advances to pulses centered on' CT5 - CT18 and phase 

a 

delays ,to pulses centered on CT20 - CT1. The,dark pulse 
/ phase response curve for the hamsters with complete 

lesions appeared to differ from tnat for the controls in 

that the hamsters with lesions showed smaller advances 

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

t 19- (see Figure 4)." A statistical analysis of these data 
* > 

was not possible due „t'o the variable occurrence of 
"/* "v f • 

repeated^, measures. ' _ * , 

In cohort 3, 6 of * 7 hamsters r which received 

, ; geniculate lesions had complete ablation of the GST. 
* f 

\x\e> phase" shifts of thes« 6 hamsters to dark puls-es 

centered on. CT8 - .10 wdre compared' to'those of 10, 

sham-operated controls." Each animal contributed only ' I one phase jshift .measure to"the calculations,* 'The mean 
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circadiah times of the dark pulses given to hamsters of 
7 . -

each group did not differ signifioantly (m&an / s/e,m,'.; 

^controls; CT 9.2 f 0.1, legions.; CT 8,9 *< 0.1; t~testT" 

n.s.), * The hamsters with ojomplete GST ablation showed 

decr"eas*ed - phase advances, to dark pulses as compared to 

sham-operated ;hamsters (meaa--H s.e.m.; controls. 64.4 

IQ^.9,' lesions:. -15.3 ± 14,9; "t-test, .p <. .001), thus 

.confirming one«of the suggested differences in the data 

from cohorts J/ and 2.* \ ' £3 * " « 

The 'responses . of -the hamsters from cohorts 1 and Z 

to' the-"various lighting conditions were analyzed. The 
-*x 

<o ^ * f 

. cohort,' 1 hamsters were.- not grouped wibh tho$ cohort ?, 

hamsters in this analysis for several reasons. Animals 
4 , , ' 

from different cohorts had different photic hi stories.* 
^ ' ' ' *' * « • 

The two hamsters in cohort "l" with complete GST ablation 
were replacements "of original hamsters and therefore hnd * 

o " . V __ _ " 

. different photic histories than^the control hamsters fn 
° ,-• ' • — > — 

-this cohort. Finally, many of the dark pulses for 

cohort 1 hamsters were administered individually. Oncu 

hamsters .showed disrupted actiyity"~rhythms, it,,was less 

likely that they* would receive a dark pulse. Uohprt 2 

hamsters ̂ were treated much more uniformly since hamster^ 
'; ' 

were not replaced, and since, most dark pulses ware 

.,,„.,.„,„ ,»,«„. -.-; .• -,v 
GST-ablated - hamsters differed/from control hamsters 

' , ' >v * ' 

in their responses to LL in two major(respeets 5 they 
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showed rhythms .with different periods under LL, and they 

were\ less likely to show "split" rhythms. > The 
$.f j 

9* + 

GST-ablated hamsters in the second cohort , *(n = 8) 

.differed- from the control hamsters (n = 10) in their 
' t- \ *'* 
/ response to long-term exposure to continuous 

\ " * « • 

> illumination. In the first 35 days of LL, before any 
* < . * s 

* I » ' "*4« 

dark pulses were 'administered, hamsters with complete 

lesions showed significantly shorter freerunning periods ' 

than did the intact controls (mean ± s.e.m., 24,07 ± .02 h 

h =\S) vs." 24.26 ± .06 h (n = 10); t-test, P <, .02). 
i •w % t" 
two hamsters with partial lesions had oa mean period 

of 24.16 -i 0,03 h.-" -

Three of . the cohort 2 hamsters with complete GST 

« t ̂ ablation i displayed rhythms with periods of less than 24, 
* . - -

"h -throughout the 110 days in LL, while no intact 

t controls showed similarly sustained short-period 

rhythms. Figure 5 shows a record typical,of .the three 

hamsters with short periods. . After 110 days of LL,' this 

.hajnster^/^activi-fey rhythm had a period of .23.77 h. One 
>• V ' f 

ablated -hamster v(see " Figure .&) developed a very*lo.ng 

-period (approximately 26 h) after 60 days in LL, shortly 

after exposure to a dark pulse. 

The second major effect of GST ablation ort rhythms 

in, LL was a (decreased likelihood of ,rs-plit" rhythms. 

, After 110 days in.LL, 7 of 10 intact, hamsters, but none 

*of the 8, ablated hamsters in aohort 2, showed typical 

« 0 
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"splitting" of activity rhythms into* two components 

approximately 12 h apart (Pittendrigh and. Daan,** 197$b; 

see Figure 7), This diff er.ence._jaas statistically 

significant -(Fisher's exact test, p <u<"Ql). The split 

pattern was apparent in control hamsters after an 

average of 70 -i 4 (-« s.e.m.) days inLL-r One GST-ablated 

hamster showed -dissociated activity compon.eniis/^that 
*i - / 

•"•v , . / 

, might have reflected ̂ incipient--splitting (see BVigure 8, * 

, days 95 - 110).""One of the two hamsters with .partial 

lesions in this cohort showed a " split rhythm after - " -
< * j * . * " " A * * * . . * 

approximately 60 days in LL. , 'In cohort I, the two 

- hamsters with .complete GST ablation did not show split 

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

for as, long asUlQ' days. Of the hamsters in LL for 110 
days, 6 of 10 sham-operated and 6' out of 9 -> _rf̂ _«u, 

/ . 

•partial-lesion hamsters had split rhythms. The split 
« *, <P 

patterns were ap'pa-rent .after an avera^ga of 77 (' 12) days 

for the sham-operated hamsters and 73 (i 5) days for the; 
/ " 

partial-lesion hamsters (means are i s.e.m.). / 

When-hattsters in cohort 2 were exposed to continuous 

darkless (DD), all previously split rhythms fused "again. 

Three ablated and one intact hamster showed activity 

rhythms jwij-h two components running with diff^fent 
r, i 

periods under D'D (see Figure 9).. <. Thj&r© was no 

difference between ablated and cqntrol hamsters in the 

period of the 'activity rhy-fehms during exposure to DD 

/ 

/ 
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(t-test., p = 0.52). Three hamsters with lesions had 
•4* I 

activity ' rhythms with periods that, were longer in DD 

(mean period = 2̂ .01 ± ,05 h) than in the preceding LL 
— ' * ° »** 

(mean period >- 23.76 ± ,.05 h; see Figure 5); no bpntrol 

hamsters- showed this pattern. 
* / ' ^ * 

" '' / b J 
Rhythms during the second exposure to LL (days 130 -

>'v-*«4 
200 l^showed/much / more disruption. During this time, 

2~—~^^"^ — /- ' / • ' ' 
intact' hamsters, showed typical splitting-'(5 hamsters), 

disrupted/̂ tctivity rhythms °(3 hamsters)' or arrhythmicity 

',.(2 hamsters). One -of the two hamsters with partial 

y lesions/split during thê  second exposure to LL. None of 

the <r/ 'hamsters with complete lesions exposed' to- LL- a 
i t , - > 

se.c0nc time showed typical splitting or arrhythmicity 
i - * 

during this period, ' but̂ , „six hamsters<• showed some 
1 ' ' : 

/disruption' -"of activity rhythms (see Figures 5, 6, 8 and 
• . ' ' ' ' • . ' r A * 

9). Sometimes'these activity rhythms appeared'to have 
, . ^ 

two*components, but these patterns differed from'typical 

splitting in thatf the patterns were-never stable and the 

components were not coupled approximately 1,2 h apart as 

is characteristic of split rhythms. Although periods of 

the rhythms, w"ere rather variable during-this interval, 
* ~ , * i ' • * , 

five of these « six hamsters with complete lesions had,, 
* *-

activity rhythm^ with relatively long periods (ranging 
* * y ' •'*'• "'" "' 

-from 24,75 to 26.29 h) during^at least* some portion of 

the secdnd.exposure to LL (see Figure M 5, 6 and 8). 
/ 

x y 
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^ II,D. Discussion ^ ^ > 

Hamsters with GST lesions show*ed">responses to light 

\ '• 

and dark pulses that differed from those of control-

animals. Ablated animals displayed decreased phase 

advances to_ light pulses at CT18 and CT2Q, although no 
j ' * 

differences^were observed in phase,delays to pulses at 

CT12 and CT14. Responses to dark pulses may have been 

affected by "<S§T>, lesions in a similar manner; phase 
* I o , - 1 

, t ,J ft 

advances to 'pulses centered on CT8 - 10 were-decreased 

i and advances to CT17 - ,19 pulses may have been/decreased 

also, while' -the,' small phase delays elicited'by pulses.-

centered ort' CT20 -* CT1 did not .appear to differ between* 

groups." Thjis, /it is possible that GST ablation', '• 

selectiyely * "attenuates phase advances without affecting . , -

phase delays, regardless °'bf the type of stimulus ,uŝ d to 
* 0 .. '. , •• 

•I' 

induce these phase shifts. >, / 0 t 
* " * 

Electrical stimulation of ' the-vLGN at variuu.s UTs 
=* • ,( , ^ < 

causes a pattern of phase' shifts of hamster activity , 
« .,; <-. *-**• « 

/ > k' * 

rhythms that is* similar to that caused by dark pulses 
«o *" • - j a • 

*(Meijer, Rusak,. and Harrington, ( 1984), It has proyeti 

difficult, hqwever, %.o' obtain large dejay shifts by such 

stimulation. Neuropeptide Y"injectipns,. which produca • 

substantial phase advances, may alsb produce only 

relatively small phase delays (Albers' and Ferris, 1984)>a 
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These observations support the idea that GST neurons are 
"* * 

involved principally in modulating phase-advancing 

rather than phase-delaying shifts. * A recent report by 

Ralph and Menaker (1985) demonstrated that in*hamsters 

pretreatment with bicuculline selectively reduced the 

amplitude of delay shifts caused by light pulses without 

affecting advance shifts. " Thê se results and my data 

imply that" the mechanisms mediating delay and advance 

shifts in the mammalian circadian system must diverge at 

some stage. -

Three considerations must -qualify the hypothesis 

that "GST ablation selectively affects phase advances. 

\First, a moderately bright light w"*a£ used for the light 

pulses* ' "In an experiment comparing vLGN-ablated and 
control hamsters, Pickard and Ralph-*(1984) used lower 

* 
flight intensities (approximately 0.̂ .28 ° ̂ W/cm2; £§rs. 

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

^W/cmg) and found that the ablated animals showed 

increased delay shifts to light pulses at CT13.5, as 

well as decreased advance shifts to light pulses at 

CT18. The higher intensity light pulses in the present 

study may have come" close to saturating the circadian 

photic system. Increases, in pha^e shifts might not have 

•been observed because' of a "ceiling" effect, while 
tr* « ' ' , 

decreases could be measured readily. , , 

» A second consideration is that delay shifts to dark 

file:///First
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pulses were quite small in control animals. Differences 

between ablated and control animals in delay shifts 

might not have been apparent, because delay shifts.were 
«* ' a 

0 * * 
k V 0 

too, small relative to the variability in shifts between 

/ nimals The dark - pulse phased response curye of the 

i controls in this study differs in this respect from that 

of Boulos and Rusak (1982) who reported delays as large 
•P 

as 5 h after 6 h dark pulses. 

A third consideration is that GST ablation, did »not 

appear to alter phase advances to dark pulses centered 

on CT11 - CT16, The groups appeared to differ only on 

the, -rising and falling slopes of the advance portion £>f 

the dark pulse phase response curve This does not 

• support' the hypothesis ,, o.f a general effect of GST 

ablation on advancing phase shifte, but indicates a more 

phase-specific effect. 

Under DD, hamsters-with GST''ablation showed rhythms 

with periods similar to those of controls; however, they 

displayed periods shorter than controls during an 
n 

initial 35-day exposure to LL. In some animals, the 

„ period expressed in DD was actually longer than "the 

„ period observed in an immediately preceding condition of 

LL." The latter response is atypical for .hamsters, which 
. ' . *w 

generally show an increase in period with an increase in 
. / 

light . intensity (Ascho'ff\ Figala and Poppei, 1973; Daan 
< 

and Pittendrigh, '' 1976b), Rusak' and- Boulos -(19&1; 
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4reported that hamsters with primary optic,tract lesions 
*•* „ 

showed activity rhythms with longer^periods in DD and LL 

as 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 
i. ** 

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, 1976b), a decrease in phe advance portion 

of the light pulse phase response curve leads to the 
, « •*• 

.prediction of longer periods under *LL and a more 

dramatic lengthening of period with increases in 

constant light intensity. However, the ablated animals 

in pur study show the opposite relationship - a decrease 

in the advance portion of the light pulse phase response 

curve is associated with a shorter period in LL. 

The conclusion that animals with GST ablation "show 

decreased periods in LL must be qualified, since many 

ablated animals alsor showed extr-emelyl long 'periods 
r — A 0 

during a second expo-sure to LL^(see Figures ' 5 - 7 ) . One 

effect of • GST ablation may be to decrease stability of 

period under LL. -Another study would be needed to 

determine to what degree the variability in period seen 

here was a response to LL and to what degree it was a 

response to repeated dark pulses, which often cause 
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changes in period (Boulos and Rusak, 1982), 

Another effect of GST lesions was that ablated 

animals1 did not show typical splitting of tlie activity 

rhythm .into two components in LL. Control animals did 
a 

, •* v * 

show such splitting, which is a common finding in 

hamsters exposed to LL (Earnest "and Turek, 1982; 

Pittendrigh. and Daan, 1976b). It is possible, t?ut 

doubtful, that splitting would have been observed in 

some ablated animals if the second exposure to LL had 

.been ^prolonged. * During this time most ablated animals 

^showed transient dissociation of activity rhythms into 
*• , • # -

two or more components as well as periods longer.than 

those observed during the first exposure to LLr Rhythms 

with two components, however, did not appear stable in 

these- "*"• animals; the second component usually had 

disappeared by the end of the exposure to LL. When 

exposed .to DD, several ablated hamsters displayed 

actxvlty rhythms with two components' with transiently 

different periods. -This behavior is similar tp that 

shown by intact'mice (Per®myscus leucopus) exposed to DD 

.after compression -of their activity phas'e under LL 

(Pittendrigh and Daan, 1976b). „ 
w 

- The phenomenon of splitting challenges ' any 
. j °"' 

1 single-oscillator model of the circadian pacemaker. 

Therefore,„ most models which account for splitting 

•involve*, two or more oscillators which *''are/ normally 
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couple^ in a*stable phase relation, but which may also 

show stable coupling in antiphase (Enr-̂ ght, 1980;' 

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

disruptions in- DD and in the second exposure to LL .in' 

, GST-ablated », hamsters -indicates that the absence of 
**- '* '- - ' • 
splitting during1; the initial exposure* to* LL"is not due 

to a change in pacemaker structure that prevents the 

expression of multiple rhythmic components. Since the 

patterns Of rhythms "with several components never 

, appeared stable in the hamsters with GST ablation, it is 

possible that -the coupling of these components is 

affected by loss of the GST. 

The' behavioral effects of GST ablation may indicate 

that GST input to the SCN plays -a. . •direc% role in 

inducing' phase advancing shifts and in responses to LL. 

It is also possible,, however, that GST input plays only 

an indirect role. Thus, some other input may directly 

x induce advancing phase shifts and responses to LL, and 

'GST input may be necessary only for SCN neurons to 

adequately, respond to this other input. The present 

data do not allow these two possibilities to be 

distinguished. • 
* * 

Effects of GST ablation are presumably attributable " 

in part to-," the loss of the neuropeptide Y-containing 

afferents to the SCN. The effects of GST ablation 

observed heye are consistent with the idea that 
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neuropeptide Y is selectively invol^d in phase advance -

Tshifts, w Recent observations, however, indicate that 

there are neuropeptide Y afferents to * the SpN other than 

those originating in the IGL (Allen et ai., 1984;-
o 

Harrington, Nance and Rusak, -1985). Elimination"of . 

these - afferents might amplify^r alter the" effects of ' 

IGL _ ablation. Such results might modify -.,our» 

interpretation of the /role of neuropeptide Y in Ibhe SCN. 
s 

The effects of GST ablation may also be attributed . 
%" . ) 

in . part to the damage inflicted/on retinal afferents to 

this area Some/of these .afferents are collaterals of 

retinal afferents to the SCN, (Pickard, 1985) and their * 
% 

dajnage in the geniculate area may cause any of several 

structural changes in the direct retinal projection to 

the< SCN (see Rusak and- Boulos, 1981); these changes 

might0 include complete degeneration of the retinal 

ganglion ^cells whose bifurcating axons form at least 

part of the projection from the retina to the IGL and 

the SCN. Alterations of ^circadian rhythms might, 

therefore, result from a change in. the- photic 

information reaching the SCN via the direct 

retinohypothalamic tract rather than to a loss of GST," 

afferents. « .. 

In , summary, this' study has. * demonstrated that • 

ablation of the GST in hamsters produces several changes t 

in photic responsiveness of circadian rhythms. Advance 
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.shifts * to' both light and dark pulses at some phases are 

* ' * '-* \ . *, ° ft 

decreased .following such lesions. Similar effects are 

not seen for delay shifts,, implying1 a,differential role 
» ' - v J, ', * 

for the GST" in mediating ^different.' kinds of phase 
, shifts .* . Ablated animals' differ from control animal s^n 

• I " ^ «gf 

the periods of activity rhythms during exposure to LL, 

and ablated animals are much less likely than controls ' 

to show "split" activity rhythms in LL. 

*» 

.n-

*«. •• * 
"V 

! ' 
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Figure 2. Representative coronal brain sections-from 

, animals with the largest (A) and smallest (B) lesions 

which completely ablated the xintergeniculate leaflet 

(IGL) and the ventral''lateral geniculate nucleus (VLGN). 

Complete ablption of tissue is shown as dark shading 

while heavily gliosed areas are shown as lighter 
/ 

hatching. (Abbrfeviations: dorsal lateral geniculate 
! „ • 

n u c l e u s (DLGN), hippocampus (HIPP)I, media l . g e n i c u l a t e 
/ 

n u c l e u s (MSN), o p t i c , t r a c t (OTL * M a g n i f i c a t i o n =* 12 X. )% 
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Figure 3. Mean (+/- .s.e.m.) differen&e between pre- and' 

post-lesion, phase shifts to 15 min light pulses given at 

various circadian times (GT)"' Differences between first 

and second measures of.phas^ shifts for animals which 

did not" receive lesions are also shown (x's). 
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Figure 4. Mean- (+/- s'>e,m.) phase/shift to 8 h dark—r* 
/ X 

.^pulses for -control hamsters (seaid line) and for 

hamsters with complete GST ablation (dashed line). -? 

Shifts were grouped into two JST h bins. Phase advances" 

•are shown as positive values, while phase delay's are 
„ indicated by negative valj/es. 
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Figure 5. Double-plotted running wheel activity of\a 
* 

hamster with complete GST ablation in l£xperim< 

From day 0 to day 110, the animal was houbod under 

constant illumination (LL). It was then housed Ap 
*. 

constant, darkness '(DD) for twenty days,, following which 
.* . -" " ' s ,«• 

it was returned to LL until the end of the experiment. 

Six h dark ,pulses were given on dkys 35, bl', '?\'~, 92, and 

153; these are indicated by black rectangles on the 

right side of the figure./ -
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Figure 6. Double-plotted running wheel activity of a 

hamster „with complete GST ablation. See Figure 5 for 

further .explanation,. 
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Figure. 7 Double^plotted running wheel activity of an 

intact hamster* See 'Figure 5 'for further explanation. 
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Figure 8. . Double-plotted running wheel activity of a 
* 

hamster 'with a complete intergeniculate leaflet lesion. 

See Figure-5 for further'explanation 
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Figure 9. Double-plotted running wheel activity of a 

hamster with complete GST ablation. See Figure- 5 for 
*• ** * 

farther explanation. 
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CHAPTER III. Characterisation of neuropeptide Y " 

immunoreactivity of and .-retina,}, input to GS'Flteurons *, 

III.A, Introduction and literature review 

T̂ftis chapter will describe anatomical experiments -

characterizing the relationship between neuropeptide. Y 
• f i. **\ y 

and the neurons of the GST. Double-labelitfg and J«&hm„ „ „/; 

studies are used > to establish that neuropeptides i H» 

found in many, if not all, of the GST neurons an" Mm 

hamster. The location of GST neu-roria in th<; 
" '' . ' * * intergeniculate "leaflet (IGL)-and vLGN tftxd the pjatte*n 

* of retinal input to thesesneurons is described, 
u * **•. 

In the first section of the introduction, I will 

describe^ fThe cytoarchitecture of the IGL and Urn v£«GM 

-The second section will describe the known "afferent and -

efferent cdnnections of\this area. Retinal innervation » • 

of the IGL" and v^GN will- be treated separately, in a * 

j> third section, The fourth section wi'ii" rcvuw 

anatomical research on the GST-and the .fifth section 

will provide ̂ information about -neuropeptide Y and ttiAmr 

related peptides. The final section will introduce 'and 

describe the rationale o|the experiments to follow, 

«*. , * t ' 

I I I . A . l . Cytoarchitecttare of the LGN •>, 

The hamster lateral geniculate nucleus can b** 
\ 



> 

~. \ 
*•' - - » 

*' . _ « ' , •* 68 ' 

"<• seoarated into three divisions*, the . -dorsal later-al 
« •* 

,..̂'!V ""'geniculate, the intergeniculate leaflet and the.venrtral 
T'i' '"" - ,' . . - , i 
• " • • » . « : . * » / < ' * * . ** , 

k -;:j "lateral geniculate-(see Figure 10). g? The dorsal lateral 
"X 

geniculate nucleus (dJLGN), part of the dorsal "thalamus, 
>' ' ', v - * I » . "' 

\ r 5 , 1 

receives direct retinal input and projects mainly' to the 
\ 

visual -cortex. The intergeniculate" leaflet J(IGL) is a . • 
1 " * 1 * 

thin 'lamina -of neurons located between the dorsal and 

the""" ventral lateral geniculate nuclei, extending 
in \ 

- t jaudally and medial ly , i n to " the 1 zona i n c e r t a . Tty^s • 

lamina conta ins q&riy of t he neui^ons of ' the GST. M h e 
" , - i -:% . r 

vLGN, derived from the ventral thalamus-(Altman anc 

Bayer, 1979), may-be further subdivided«ij#bo an internal' 

division and , -an f external -divisio&jj with the external 

division having' both an infernal part anSf an*external 

part (vLGNi, »vLGNei' and vLGNeej see Figure 10). .Some* 
"& * ' J 

neurons projecting to tlje -S'CN are found,in the rostral 
vLGNei The labeling of .subdivisions of, The LGN as 

v ^ . 
4 ' » 

shown in Figure 10 will be that used in the/remainder of 
j* » i * " *• , 

this thesis. In this section I will*- review .the 
background pf literature on eytoarchitectural divisions 

. •* *-. f. t 

.of t h i s area ,>" ' -
J t ' , * «* 

* An" early-^scheme of subdiv is ion of t he vLGN (Niimi, » 

Kanaseki and Takimotofrlt 1963) proposed two' p a r t s ; an 

external d iv i s ion and as i n t e r n a l d i v i s i o n , with the 

. Intwrf&i •divi&&*s^*^o#ta\ning: s m a l l e r c e l l s which "taijjre 

•lfna >,-d«fCi->ly N£'S#1"" stained, ,- than those i n ""the- external* 



a. 

«* » 

* 

4 division.' These two subdivisions arê  separated by ~a^~ 

group* of "fine -fibers , and a neuron-sparse aone. T^s 

general scheme was confirmed «i.n, the rat by Swanson et 
\» . , / 

fal. (1974'). * * . . * . . , "" x-

In ''some > spedies, , the •ykternal division may be *„ 

further divided 'on .the "basis—-"of ;'\.oell. typo jnJr.o*the 

vLGNee and vLGNei (hamster- Frost et'al., Iy79; rabbit; ' 

^olcbmbe and Gulllery, 1984), ", The yLGNoi Is 
* • * . ' \ ~ •. ' - 1 .. •*•. » •><• • 

"• • «. *»i • ' ' ' * , t'*. < -

„ distinguished ."'by ,-its,' /larger and^ mor.e densely packed -
'*»-',. :°. ,- ' '' - ' \ -"--->-., ^ 
*. , - .< - , , , , . *, • * *r - • 

n e u r o n s . . * . * . ' - * . * ' * * > 
<• » . - ' ' ' " ' •' „ ' ' , ' - v . • 

The . IGL was first ', described by Hie&kay and .Spear, 

(1976̂ ) in the .course' of a \study of!, the retinal 

• projections * to the geniculate "iin the rat. The IGL 
% „ • ' • » . , . < * ' *. 

* Encompasses what previous studies, had referred to as -the -'• 
> \ ' ' * . . . " . . . . T • ' T ''' . • 

„ internal dorsal division of the vLGNl or *.â *,the dorsal 
* * ' • *. ., ' ' * " - > 

* h " ' ' * « • * * 

YJLGN. ''Takahashi et-al, '(1977), working, from material 
- with- labeled retinal afferents, described, the IGL in 

* f " - ; ' - ' " - - " -, ' * *. ' ' / ' - • .. 

„ :" -rablidt's,.- ' Feldman and Krugef -(19&&)' described" the IGL" in 

./rats- from material with the medial lemnisons' labeled 

»- . 

•c. 

v% 

\. 

v'< t, 

with autoradiography;' they'called it the'"intermediate 

nucfeiis of . -the1 geniculate-". . The IGL -is also\clearly. 
r * > ' V * f r f • j i ^ t/j. ^ t d 

' * ' r * / t ' • • ' ' \ ' , , 

defined - u i n ' some immunoqytochemlcal ' mater ia l as * iu%"^ 
I - ° ' - < > ' * » • ' • , ' „ ' ' 1 J ' 

described' in^ section Il'i.Al'2,-.«' ''•''/' ' '- , '* - • ',' ( 

. , « • . ^ ' \ . • • •' ' ' - • 

The . cytoarchitsscture pf'.th-a vLGW in" the cat appears" , • 

sto
; differ , from - that of rodents (Jordan and Hollander, 

-'-- *' - l$72f*-'- The ,vLGN of the cat is shaped likfe a question.' 
* 1 

file:///study


' . "70 
; J* > * • • 

mark,, with ,a broad' main part dorikally and a slender'* 

stalk ̂ jtfhich" i"s twisted around the,jsdstrolateral aspect 

- of" : the optic "tract. Five subdivisions of .the nucleus1-
«" * M ' . 

were "identified b y Jordan and Hollander; these were * 

...labeled with the letters *" a - e (e.g., vLGNa, etc.;. 

Jordan and Hollander's>cytoarchitectural scheme for the. 
' * f ** ^ J 

- cat vLGN .<• does not- correspond exactly - „with the more 
t * • * . • , 

general plan suggested by «.* Niimi et al. (1963") of an 
- ^ ~ T' „ I 

,f I „ ' 
\ __ - , 4 ^^ ____ 0 . 

internal 'and' .external "division. The external part of' 
• ' -* ' ' ' s 
the,- external division in Niimi's scheme would-a^r^frably 
>correspond to the" vLG&&, and the- internal; division to 
vLGtlb'--,in J.ordan and Hollander's scheme/ 'Since the two 
schemes are not entirely "'compatible -much- of the* 

* * . * * 
„ anatomical" work on the vLGti Of the, cat cannot .be related 

r * " . ••- j , 

' directly, to .the vLGN of rodents, • „^-X 

Several studies have attempted to classify'- the 

, neuron-types in the vLGN and IGL of the rat on-"the-basis •» 
s' • " t - " / 

of Niss l^ah 'd Gfolgi -stains, (Brauer e t a l , , 198$; Mounty 
, et al.,' ',1977;, Stelzner '.' et al. , " 1976)'".-, The 
, ', . • t ' * - ' ' ,K , * • 

* classification scheme of Brauer^et al.. (19&4) appeals to 
l * T / *' ' , 

t . 4 ' - * 

"be the most -qonsistent and'.comprehensive,^scheme.. Fiye, 

% *>*t 

! classes of ~r neurons in the vLGN and IGtj we're"described 

(see "Table 1). .-',•' . .. , * - *v / 

Descr ipt ions of branching p a t t e r n s of dendr i t es of 
• ' ' ' \ i •# 

Golgl - s ta ined neurons c ' i h „ t he ' vLGN* and IGL vf the r a t / | - • . ,« ^ , , , r 

(ilounty et*' a l . , 1977) r a i s e the poo i i ib i l i t y " oi 
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communication^ across the subdivisions 6f the VLGN, In 

the vLGNi some* neurons 'were observed »to have long 

dendrites extending dorso-ventrally.^-^llany extended into . 

the IGL. and some extended? a"s far as the dorsal lateral 

geniculate'. " In the- Ventral parts of the vLGN some very 

large neurons "ha'd dendrites oriented perpendicular to 

the optic tract, sometimes „ spanning, the tmtire 

medio-lateral"axis of the vLGN.<s '" * % * ' 

Electron, microscopic studies of the vLGN indicate ah 

organisation somewhat similar to that of the dorsal 

lateral geniculate. Four types?, of synapse's have boen 

identified in the ̂ vLGft l.Stelsner et al .\ 1973, 1976). 

^Synaptic islands" consisting of v3 or'more synapses are l 

l * t I ( " 

observed throughout the "YLGM (Stelzner et al., 1978), . 
, , rf. . * * * 

"* • , . * « *• * * ' * ^ » * „ ' 

hese dif ter f rbtii, "the "synaptic \* glomeruli" f 6und in 

o ther thalamic nuc le i (Jones,*1983) i n v t h a t they a r c ' n o t 

Encapsula ted by g l i a l , processes and the compunant'partn ;* 
a* * * ' J* 

« " . "~ I " * , V * 

-are more variable. ,In«the vLGN, synaptic inlands do not 
, v *- - . j • **••<». 

*• appear, to • include direct cortical, input. It appears 

".that" the' neurons which" are the main recipients of 

, -retinal input may also receive inhibitory input (.a*. . 
<Q r ** 

indicated„by- symmetrical synapt ic junc t ions) -oloun to .or 

.dn the.soma. 

I I I . A , 2 ; Afferent >aM s*ffrm%' connf^tionsr ,*>* thw vl^R' 

*<* 

.V** vr 
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and IGL' 
0 

* 

A major "source'of afferent input to the vLGN and IGL 

is from the retina. This projection will be discussedt 

s in section III. A. 3. Information about sifferents to the 

, intergeniculate leaflet other than those from the retina 

wouldr aid In developing hypotheses about its function. 

, Unfortunately, in • many studies, * the IGL was not 

. distixiguished from the vLGN." .Thus, it is "not. clear if. 

-.these studies provide information relevant to the GST 

'/neurfcns. Of interesls, "which are mainly located in the 

„--I"Gh!" * * ,.I have, summarized in Tables 2 and '3 the major 

v,'aff erent^' and efferent projections of .the vLGN-IGL area. 

Jlbese* projections are discussed "in detail in Appendix A, 

& v :'J'</i^h^th€ remainder of this section, I will summarise only 

Vi. - '. . , . '. . . . . . . -- ' A 
& 

n 

0 what „.ia'- known" about the afferent"' and efferent 

*• connectionsv of the, IQL specifically. : Most of the 
> ' ' , * • j * * • . . ' * • ' 

- '' studies referred to below', are discussed in* detail in' 
. « • ' " ' f. • 

':- Appendix. A, , ' ' ' . ' . ' 

"'->\ It 'appears that IGL class 3 neurons* (see .Table 1) - . * 

"4 w **,./.'. 

"*,*•.<-• . \ ;J'Project t© the contralateral IGL (Brauer et al. , 1984; 
'*'' ' " v ' - ' . ' ' , * ; A \ r ; * i 

• Cosenaa and- Moore, 19.84; GraybieV, 1974;" Mackay-Sim e t 
' *- . • 

a l / , . ., t°983; Pasqui'er\ and Vil lar , ' 1982a; Fickard", 19&2,' 
-*' zL \f - 'k • • ** • \ • - * , - • . . ' . . 

198s; /Swanson eti al., 49745 but see Eibak and Peters, 

3̂ 975) ,* c while" class 1/̂ I*GL neurons project to the' 
' V c ** 

Npretecium (Schober", 1983) and class 4 neurons project to 
* * % * \ . 

^ the pons (Brauer .et,' al. , 1984, pers, comin.'). As will be 
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described later in* *this chapter, the neurons in the *IGL 
* ' 4 

which are - neuropeptide'" Y-immunoreactive 'and project to » 

the , SCN appear to be mainly class 4 neurons, although 

some .may be class 3V n&urons. From the. morphological 

* similarities, one might hypothesize that IGL neurons 

that. *pro3ect to the SCN aJsso project to -the POETS and 

perhaps to the contralateral IGL as well (but see 
f * t 9 

Pickard, 1985). 

Input*, to the rat's' IGL < comes from the locus 

coeruleus' (Kromer and Moore, " 1980-)} medial lemniscus 

(Feldman* and Kruger,' 1980), sona incerta (,Watanabe and 

Kawana, 1982*) and the ̂ midbrain .central gray'(Eberhart et 

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

rats by* J cells and fibers staining afor 
*** 

acetylcholinesterase (Brauei; et .al., 1984) and 

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

'^serotonin (Cropper et al., 1984; Mantyh and Kemp, 1983), 

noradrenaline (Kromer and Moore, 1980) and glutamic acid> 
* 

decarboxylase (Ohara et al.,* 1983J, and substance P 

fibers3 (Mantyh and Kbmp, 1983) and receptors (Mantyh et 

-al,, 1984). sLi#tKle is\known, about* the source of these 

various neurotransmitters and-peptides,- except that it 

is> likely that €he serotonin comes from neurons in the. 

ra|>he nuclei (Pasquier* " and' Villar, 3 982b).,, :the 
t O to 

noradrenaline from "the. locus coeruleus (Kromer and 

Moore, 1980) and "tlA1 acetylcholinesterase trom th«' 



; * . . - , , . ' 7 4 , 

midbrain reticular formation (Hoover- and Jacobwita-. 

' 1979). " ' . '?, -* 

III.A, 3. • Retina"! - innervation of the vLGN • ' ~ 

- ' . The"vLGN receives, a direct' retinal projection in1'all * 
i ' " * P r 

t , , > <• 

species studied, to date; however, "the details of the 

pattern -of termination of.the" retinal afferents^within . 
' , * v «• » 

the" vLGU vary betweeilr species (see Table '4). One of the 

' e a r l i e s t re levant repo-riis "of .a study, making use «of 
m ^ to< ' ' - 1 ** 

autoradiographic tracing techniques (Swanson, Cowan and : 

tTon0s.r- 1974) claimed .that in rats a heavy retinal 
'v V ' 

•i ' , , * * 

projection' «was observed^ over the' contralateral vLGNe, 
» ^ - >' . ' t 

while light labeling was seen -over the medial edge of 
i . '• ' ' 

the caudal vLGNi on the corit-ralateral side.* ' * 
.'I * 

. A more complete study by Hickey and Spear (1976) 

compared the retinal afferents to the vLGN in albino and 

\ ' hooded rats, * also-using autoradiography,v" The patterns . 
* *J * * " * * 

of termination they described are mUab,-more extensive 

than those noted by Swan'son et al. ('1974). As in'the „ 

preceding, report, a heavy contralateral projection to • 
v * I * • - * ' ' 1 *•- . ' -

• X the vLGNe was observed. '. Patches", of retinal terminal 

XfieMs .were observed in" the ipsilateral vLGNe,<. It. was 

possible that these patches corresponded with regions of 

reduceax retinal projections on the contralateral side; oome fibers ap^e*red to terminate in the ..vLGNi * at caudal 



J 

' - " ,,75 * 

levels'. , , . There were-no substantial differences between 

the two strains of rats in their patterns of retinal 

terminations *in the vLGN. . , 

Hickey and Spear also identified a bilateral retinal 

projection not described by Swanson et al. (1974), 

terminating in the ' IG|t.' This retinal projection was 

confined rostrally to the region between the clLGN and 

the vLGN, but at more caudal leVels, it appeared to, 

extend ventrally, merging with the zona incerta just 

lateral to the medial, lemniscus. The contralateral"' 

projection to. the IGL was somewhat 'heavier than the 
4 / ipsilateralt Although .they reported great variability 

between/ .animals' in the ' size and location of this 
/ . * * 

mcai 

2©nti ^projection,, it , appeared *that\ the *• c&ntralateral and 
* . " • • > * 

ipsi lateral projections overlap,* especially at more 
* * « v " * • ' * \ 

caudal levels.* * . - r 

* The : retinal' -afferents ^to the vLGN and IGL in the 

rabbit were- described by Takahashi, et al!! (1977). The 

IGL receives"' an, overlapping bilateral retinal 

, * * * i * 

projection. In the vLGN, the .contralateral eye projects 
^ ' 'f ' 

mainly* to*the external>division, but #lso sends a light 

"^prqjeotion to ' the internal division, "mainly al&ng its 

'dorsal and lateral borders, The ipsilateral eye 

, projects to an area "along thev dorsal border of the 

"external division. Mo%t ,of <the conclusions of Takahashi 
• '" f > 

' et, al. (1977) 'we're'confirmed by- HoLcombe and Gull lery 
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' ,v (T984).' In \addition, they described a topographic 
" * ' v. *• ' 

' organization, of- the ""'retinal- projection to the vLGNe. 

The IGL, on the other hand, showed no evidence of a . 

topographically organized retinal input. The jretinal 

* input -to; the vLGNee , and -vLGNei B-were- compared in 

, Flnk-Heimer - stained- material. It "appeared that 

degenerating retinal fibers in the vLGNee were of,finer 

calibre than those in the vLGNei, indicating that-these"' 

two areas may recieve retinal input fro'm axons of 

* different calibre, possibly with different physiological" 

• ' Y *i 

properties , j 

The. ..retinal projection to* the vLGN in hamsters was-. 

y " ' ' shown to be » topographically * organised in a study of T 

, *•" degeneration patterns after focal retinal lesions -" 
* '" \ ' ' / ' ' * 

, /• (Jh'averi and Schneider, 1974). 'The representation of 
i «t * > 

'*> " tnfl temporal' retina is in the dorsal vLGN, while nasal ! 

r'etina* ' is represented ventrally. In a study using" bothg 

-/ • radioactively labeled* amino acid transport +, and 

/ .// ; anterograde degeneration techniques, Frost, So and 
/ > '. ' * , * 
t ii i ' ' - > ' * - » , _ , ' , ' 
f* '/* ' Schneider (1979) examined the loaation of re'tihaX 

p . * » . ' i * J 

. ( . . • ' * / / ' ' ' 

' '* *. •- . terminals in the hamster vLGN. ' As in other species, the . 

; ;- ;., ' et>n trilateral vLGNe was observed to; -repeive a dense 

fte'iflnkl ' projection. , Small patches ' of retinal 

jr**** terminations in the ipsilateral vMIe, similar to those 

* ' - * '^deen^in'rats ,by Hickey and Spear (1976) were also noted. '' 
•' v -- '- * • * '. ' , - ' - ^-\ . ' In* 'hamsters,- however, these patch&s-**were specifically > -* *. *i • i - >• 



/, 

»/ 

/ 

9 * > > / 7? ; -
fined to the* medial "extremity of the internal lamina 

of *Xthe vLGNe. In ,addition, a sparse bilateral 
* X » «rf 

projection to the IGL was seen, 'especially at -more 

caudal \levels.-' Although the projections from the'two 

eyes to the StJL seemed to be completely"' overlapping, the 

degree of overlap of the retinal projections to the 

vLGNe could not be determined. 

The retinal projection to the vLGN .of tne 13-lined 

ground squirrel was studied (by Kicliter and Bruce (1983-) 

usini autoradiographic methods. Retinal, projection& 
I 

were mainly confined to the vLGNe and the IG'L.' Based on 

the .laterality of the projections,.'five regions could be* 

distinguished Three, regions receiving projections from . * 
' ' " t * 

the contralateral eye were interleaved with two Regions 
< . * *f *•• , 

receiving ipsilateral projections. The^ IGL received 
i 

both contra- and ipsilateral projections,,-? the separation 

of which 'was. most marked rostrally . The vLGNe also "~-*y 

received a bilateral retinal projection. rl t "may wtae ' . 

concluded from their figure -that the vLGNi ôVieives a 

sparse bilateral retinal projection, w":ith that from the 

contralateral eye being heavier than the ipsilateral. ^ 
i 

Kicliter and Bruce's results are interesting in that the . * 
ipsi-\ and 'contralateral retinal projections to the IGL 

•> , 

and the *yLGNe 'Were found, to be mainly non-overlapping. 
* < ' 

Such' a laminated' pattern of rfetinal afferents to the 

vLGN had' not been reported previously, However, this f 
* 

file:///levels.-'
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pattern should' ,be confirmed with more appropriate 

material, such as that from an aniLmal with different 
*« 

anterograde tracers placed in each eye. 

To summarize, it' appears that, in many species both 

the vLGN and the IGL receive- retinal projections from 

both eyes/although thos'e,. from the contralateral ey«,are 

usually heavier. Most authors, do; not distinguish 

between the external and internal divisions of the 

vLGNe; " therefore, "the differences 'noted in this 
J- '~-4- ' ' 

projection in* the hamster by Frost et al. (1979)', cannot 

be safely generalized. It is difficult to ""generalize 

about < the retinal projection to the.'vLGNi, except that, 

if it exists, it is a very sparse projection (see Table 

4). ' ',. . . •>• . V ' • . -

~̂' 

-III. A.*4„ The geniculo-suprachia'smatic tract' , 

* \ * * 
The* exis tence of *he \geniculo-suprachlasmat ic t r a c t 

* i > 

was f i r s t demonstrated by Swanson, Cowan and-Jones • 

(1974). They "'described the p a t t e r n of l a b e l i n g seen 

a f t e r i n j ec t ions of t r i t i a t e d p ro l ine or -leucine in thV 
> * j 

vLGN of "-rats and. "cats? f„One" prominent pathway*was 

described i n -the r a t as fioursing* v e n t r a l ly toward %h<& 

i p s i l a t e r a l l a t e r a l - terminal nucleus which was heavi ly 

l a b e l e d . I t then * proceeded' through the.soma i n c e r t a 

(wh^re some, ' f ibers may have torminat-vj&Ji and, pass ing 
) : / ' . ' • • ' • • 

file:///geniculo-suprachlasmatic
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ventral "to the medial lemniscus, came to terjainate---
ts . * _ / 

i*> - . ( 

bilaterally in the ventral half of both SCN.- The 
.r—• , - i 

, ^ \ J t _ _ ^ . * _ ( , i _ _ ^ _ „ _„ _ „ . * 

" i p s i l a t e r a l supiracEiasmatic nucleus contained 
*. j * *, 

approximately.-, twice* as many silver grains as the 

contralateral -nucleus. In the cat, this-projection was. 

- similar except. t?hat the 'fibers leaving the- vLGN passed 

anteromedially, ggoing through thg ipsilateral reticular 
' ' ft* 4-

rkxcleus. 
ft 4 

Ribak and j Peters .'< (1975),* who, also used 0 J ','/-* 
autoradiography'to'determine the efferent projections of 

. t" ' . » *> 

- 'the vLGN in rats, reported a different route for vLGN 

fibers ,coursing to , the SCN. In their study, labeled 

' fibers -were observed-, to de-scend in the optic tract, 
; . ( ' ' * * . • 

cross in. the ventral supraoptic (Meynert's) commissure 

.and terminate bilaterally" in the SCN. . . 

In an effort to ' resolve this controversy, Legg 

(1979), injected labeled amino acids into the vLUN-̂ df 
" J « 

' r a t s 0 and' allowed a long (1'2 day) survival tim<e. This 

allowed bet te r v isual iza t ion of, f iber pathways,. (Inly 

. „one ra t in th i s study*-had a well placed injection, but 

in t h i s case a -labeled pathway was observed folluwirig 

the- optic t r ac t asdesc ibed by Rijaak <Snd Peters (197b). 

.Thus, ' i t . ' i s . most l ikely tha t • t*hV 

geniculo-suprachiasmatic t r a c t descends along ,tho opfcio 

t r a c t and joins the ' f ibe r s of Mspnert/rj commi&,'«urf*, ' ft 

isi- probable tha t §tfenson e t al Utii'tA} abacrvpri intal>yi 



e n t i r e fostro-caudal1 '""Extent of / t h e I G L . The labeled™ 

! 

I 

r I 

terminals in the „zona incerta (e.-g., Edwards, Rosenquist 

and Palmer, 1974; Legg,' 1979; Ribak and'Peters, 1975)-.-—"*" 
i 

-and mistook t these ffor the geniculo-suprachiasmatic 

trad. / * / 

*, Pickard *(1982)y undertook a detailed study of the 

cells of origin of the geniculo-suprachiasmatic tract. .'•'** 7 -
•Horseradish- jpef'oxidase v (HRP), a r e t rog rade t racej^ j&as 

* ' / ' 
A , ' ' * / 

injected into' the SCN either unilaterally or bilaterally 

SL - „ ' » — \ / **** ' 

amsters. *., Labeled neurons were observed in the 

-W* 

i 

n 

4 neurons and their * dendritic processes were usually 

- r * "* T j t • . 
oriented perpendicular1 to the/retirial axons .traversing : 

<h / \ >, > - ' / 

the ar^a. A small number of/ labeled neurons were also ^ 
\[ ' , 4 • 

'11 t » ' 

observed, throughout "-fclpfe vLGNi. lLaheled ne*urons were 
i - 'I -• , ' . . * • . 

nev&r detected,, in the.vLGNe. The 'VLGN4*input to the SON 
• i 

was bilateral, with approximately 2 to 3 times*ais many 
labeled neurons found * in the?ipsilateral vLGN after a"" 

unilateral HRP- injection. Labeled neurons afferent to 
& 4 

the SCN wer,e also noted dirfectly caudal to thes$ vLGN^ 

neurons, in the area of the zona incerta and the la'teral 
" i 

terminal nucleus. It is likely that these ne.urons # 

*, 

correspond to the caudal*' tip- of" the* IGL Since it 

appeared that HRP injections into any section of. the SCN -
• « « 

labeled IGL neuronsr .Pickard concluded that , in the 

hamster, the IGL innervates the entire SCNr in contrast 

to ' the, rat wfcer« this input is confined to tiie, 
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ventrolateral aspect of the SCN (Swanson et al, 1974'; "J" 

. * ' . . • i 
'Ribak and Peters, 1975).* Some HRP injections in the 

p * " , " 
hypothalamus but • outside' the SCN labeled retinal ' ' ' 

. * \ 

ganglion cells,, yet failed to label IGL neurons. Thus,' 

itf appears that in the hamster-retinal afferents to the." 

hypothalamus have a wider terminal field than du 1G!< 
• ># 

afferents. » a 

Immuuooytochemical characterization of the 

geniculo-suprachiasmatic tract in"' rats was, reported by 

Card and Moore, (1982),: The SCN of the rat was ob{»ervWd 
t m - P^-*f 

to contain a dense plexus of, avian pancmotib 

polypeptide- (APP-) immunoreactive axons confined U> the 

ventral and lateral parts of the nucleus. A moderate" 

plexus of -." immunorekctive fibers encapsulated Urn 
-. *\ * -i 

° » ' , J 3JW 

nucleus. -Because the pattern of distribution ot thuso 

fibers- corresponded 'to' the pattern of MM*, terminal 

fields of both , the . rctinohypothnLimi'-* tract "and th»j 

geniculo-suprachiasmatic tract, the retina and " lAm 

geniculate* were both-, examined" for APP- immunor»};t*,:l.iV*{ 

cell bodies, 4^£"-immunoreactive/ perikarya war** not 

found in 'any portion of the retina and, furthermore 
" * H. 4, 

b i l a t e r a l .enucleation resulted in »o changr* in rh** 
density or d i s t r ibu t ion of A^P-immunoreaclive J5UN #tx««mi\ - V** 
In the vLGN, ' APP-immunoreactive neurons were%l̂ «4.,rv*sd * 

*• * * i » 

and "found-to h& confined t o the i€|b,^. Th** &&<*«« of tvtiu:wt If 
jiourunS* appeared"to. e* tend into th*s aort-r* in^ist.ft, w!al«* 

v 
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labeled axons were never observed in-the optic tracts. 

Bilateral • vLGN lesions resulted in a to^al loss of 

immunoreactive axons in the-SCN, while not affecting the 

distribution or density of immunoreactive axons within , 
• . * J the periventricular nucleus and anterior hypothalamic 

. - o 
nucleus""* adjacent to the SCN, Unilateral vLGN lesions 

a 

reduced' the number of immunoreactive axons in the SCN "f\ 
ipsilateral to the lesion by 60 - 70%, with- the 

contralateral side showing much less of a loss. 

Thes'e p&;n<fings suggest that the IGL sends a 

••chemically distinct projection 'to :th<3»SCN, in rats. The J5 

apparent path of APP-immunoreactive projection fibers 

observed is similar to that described by .Swanson ot al. 

(1974) but differs from that of Ribak and Peters (1975) 
st*> 

and Legg (1979); however, the* observation of. 

APP immunoreactive fibers in the zona incerta and not in 

the optic tract is not strong enough evidence to resolve 

this controversy. ~ Disappearance of labeled fibers in 

the zona iztcerta after vLGN lesions would lend weight to 

their • conclusion, yet this result was not reported. It 

was noted that vLGN lesions did not noticeably affect 
4. 

a * i' 

labeling of fibers in the rertrochias!m
Jatic area nor in 

•̂--the commissures, yet this may indicate only that the 
geniculo-suprachiasmatic tract axons are a minor 

- • * . - » 

component of fibers in this area in the rat, • * 

"" Card and "Moore (1984) have reported ' on the 

Vv 
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distribution of APP immunoreactivity in the SCN of the 

hamster. "They observed that- APP immunoreactivity was 

restricted to J thin varicose axons vi.n the ventral and" 
, * » » , 

i . 

lateral aspects * df each- nucleus. No immunoreactive 

perikarya were^, present' in any portion of the SCN. At 

-..rostral levels, '""'̂ .Jmoderate' plexus of thin fibers nas 
i 

observed immediately adjacent to the .interface, of the 

SCN and the optio chiasm. At intermediate levels, this 

plexus Expands.* dorsally and laterally within the 

'ventrolateral SCN to form a dense axonal plexus which 

partially overlaps the field *of retinal afferents, which 

appear to extend-farther dorsally than the APP fibers. 
** M * 

This pattern continues into the - caudal pole of each 
* a 

-a . * » . , . . - . . . 

nucleus. At all levels, the dorsomedial SCN is entirely 

devoid of" immunoreactive axons. Thus, although 

Pickard*s workw„(1982) suggested that the vLGN innervates 

the entire SCN in hamsters. Card and Moore's work 

indicated that, if- * the APP-immunoreactive fibe'rs 
k ** 

constitute all of the vLGN afferents to the SCN, then 

the vLGN afferents do not innervate the dorsomedial SCN. 

Pickard (1985) reported a double-labeling study 

using hamsters^ which indicated that (l)^some retinal „ 

ganglion cells project to 'both the SCN and the L.GN, and 
K 0 

(2) IGL neurons project to either the "SON ' of the 
* »• 

contralateral IGL,, but not both. " Bouble-labelirfg was „ 
,. i " " * * • * 

achieved hy injections of different fluorescent 
*• 
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'..*-- . N B4 i 
^ • / 

6 « L * * . . * 

retrograde tracers into the SCN and into thV^LGN!., Somsa* 

retinal ganglion cells were clearly double-labeled^ 
•f y * * > * 

i fj *** 

However, the double-labeled cells never -made up. more 
« . * -~~^~^ *̂*~~ 

than 10% of the retinal ganglion cells labeled by S§\$y' 
injections. No double-labeled cells were observed after 

* % 

control injections, into the' dLGN or' the superior 

colliculus "or after injections which" missed the' SCN. > 
1 o 

These results indicate that-collaterals of at least some. 

•t. 

retinal afferents -to-the SCN project ,„to the LGN. ̂ Ehxs 
, ;̂ _x -̂  * • *\ 

j1 i ;vobservation implies that 'geniculate damage' "may-
*....*<*-* indirectly affect-the retinal proje'ction to the SCN. 

/ , 

Ill,A.5. * Neuropeptide Y and related peptides ,J^ 

Neuropeptide -Y, a 36-amino aoid peptide named after 

its, terminal '.tyrosine (Y -° tyrosine), shares 

considerable" (56%) , sequence* homology, with another 

36-amino o**acid, avian pancreatic polypeptide (APP-; see 

hie ' 5). Molluscan cardioexcltatory peptide-

(FMRFamide) „ is structurally -similar to neuropeptide Y 

and APP in the C-terminal. Ahtlsera to 'FMRF'-amide, 
^ JU—~•—•** ' ' , , * " 

neuropeptide Y .and APP "stain the same-neurons' in rs^r * 

brain , (Moore et al*", -1984)', indicating -that th& . 

C-terminal is att lea&t ,one common antigenic site and 

that the presence - of tyrosine (see Table b) i^not 
i • „ 

r 

essential for antigenic recognition. 

iV 

1,. 

a 

>a 
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. Recent wojtik=---has.',*indicated that most of the APP and 
41 f . * 

» 4~ I, \ 

•'\ FMRF amide immunoreactivity observed in the rat's , 

nervous system ,JIay~~be attributable^ to these "antibodies 

'•" cross-reacting with neuropeptide Y substrate\(Allen e^^ 

al., 1983; DiMaggio et al. ,' 1985; Moore -et al., 1984)., 

* 'Cross-blocking studies„ with neuropeptide Y, APP* and 

~ FMRF-amide antisera / and antigens indicate that 
*\ * 

' .neuropeptide Y. - is probably the peptide present in the 

0 GST ~o£ the fat (Moorê  et al., i984). However, a recente 

report (Inui et al„, 1985") indicates that pancreatic* 

polypeptide-like immunoreactivity in porcine¥and canine 
j 

bra in . may «,be due t o v a n t i s e r a redacting„ With both 
/. 

* .. •. 

neuropeptide Y and' --smaller amounts of endogenous 

pancreatic polypeptide. It would therefore be useful to 

perform similar ^osVbiocfcing studies in hamsters to 

determine the,endogenous peptide in the hamster GST. 

. NeuropeptideJ has been shown to be colocalized with 

other putative neurotransmitters in some central nervous 

system neurons. Reports>,of neuropeptide Y colocalized 
, **4%~2 . r 

with* norepinephrine «are most common,' but neuropeptide 
**** « fir t 

Y-immunoreactivity has also been reported in neurons'* 

immunox'uactive for somatostatin, enkephalin and GABA 

(see O'Donohue et al.,,1985 for review).. (> 

> • • s \ 
' T * Jit * 

III,A.6. Introduction to-anatomical experiments on'GST 

neurons 
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The « research of Card and Moore)(1982) indicating" 
• ̂  BIP 

that neuropeptide w *Y may ( ' identify 'the 

/geniculo-suprachiasmatic tract, in the*^"rat* will be 
» • 

. ̂ extended here. The experiments to follow will usS^TwcT 

methods to determine if there * is a. rollablo 

correspondence between neuropeptide. Y-immunoreactivity 
* ' * 

- and' a projection to j the SCN m geniculate neurons. 

First, 'ablation" of the geniculate ar,ea will be shown to 

deplete^ neuropeptide Y-immunoreaativlty in the SCN. 

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

"both .neuropeptide Y-Immunoreactivity and with a 

retrograde tracer transported from'terminals in the SCN. 

, i* t 

A practical benefit of this research is that it allows a 
s . » * 

method 'of assessing lesions used in othettr studies te.g., 
38- _ " ' 

p in chapter II) for the extent of damage-to"the GST, • •• 

", , . The second aim of the experiments described below as5 

to give .detailed information on the location of 

neuropeptide Y~immunoreactive neurons in the geniculate *, 
*• . . • ~ " * V " ' 

• i - • - . 

and en .their pattern of retinal afference. From the 
* results of the first experiments we can assume that at 

least some of, these neuropeptide^ Y-immunoreactive 
neurons constitute the GST. The information on location 

and retinal afferents to the- GST neurons .is especially 
- j. 

essential for interpretation of the electrophysiological 

experiments discussed in chapter 1^. 
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III.B. Experiment 3= Neuropeptide Y immunoreactivity in 

GST neurons * „ * * 

IIl.B.,1... The 'effect of geniculate ablation on 

: ^ 

-neuropept ide Y immuno'reactivity in t he SCN 

* ** "* - „ 4 

' I l I . B . l . a . General -methods" 

The distributions of "neuropeptide Y immunoreactivity 

, Vas examined in' the sut>r"a,chiasmatic nucleus and the 

geniculate area of male golden hamsters (115 - 145 g 

•body weight-)-. '"Following, a lethal "dose of sodium 

pentobarbital, animals were perfused' intracardi'ally with 
- ' . * • y 

" , - / ' * * : « * a vasodilating rinse of 1% buffered sodium nitrite, 
followed by 43? paraformaldehyde in - 0.1 M phosphate 

/ - - " , y „« " 

buffer <pH ,7.2 ' - 7.4). The brains were postfixed in 

cold * paraformaldehyde solution for 4 hours and stored 

'"overnight in cold 30% sucrose phosphate-buffered 
V" * 0 *•" -

J* * 

solution at 4' C. Serfal coronal sections were cut at 

.*40'iiojrawit|t a freeaing Microtome. Sections were collected 

in 0.01 ,M phosphate buffered saline (PBS), rinsed 

several tfjnes, and then agitated overnight 'at room 

temperature * with the antibody diluted in PBS with 1%' 
** - " * &* 

x • % --. — * 
triton X100 and 1% normal goat serum. The antibody "ilsed v 

" ° •> ' - ' * * , 

was' rabbit "" antiserum to natural porcine neuropeptide Y 
t 

( d i l u t e d 1:3750, cour t e sy of J.M. Po l ak ) , ' L o c a l i z a t i o n . f 
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of the antibody was visualized using the Vectasta\in kit 

.(Vector' Labs), and avidin-biotin procedure (Hsu et al. , 

1981) ,' Diaminobenzedine was' used as a chromagen and 

glucose oxidase wa^ used--as the activator. The tissue 
4 » 

wâ s rinsed several times- with PBS between each solution 

change. Sections were smounted on , chrome-alum-dipped 

slides,-allowed to air" dry,»and coverslipped with DPX or* 

Permount after dehydration.' Alternate sections of some 
' ' * y '• 

brains were stained using the method ,of Kluver and 
Barrera (1953) for staining cells and fibers. 

The distribution of neuropeptide Y in the 
a ' • • ' 

suprachiaSmatic nucleus was, determined by examining the 

tissue of five animals. Using tissue from, two animals, 

specificity of the antisera for neuropeptide Y was 

tested by incubation of », the tissue' in antisera/ 
13 / * 

preabsorbed with the ^antigen (Peninsula Laboratories; 

100 ,ug of antigen per 1 ml of diluted antibody) ton 60 

minutes prior to reacting as described" above~ It was 

necessary '-to 'add 50% acetic acid to the neuropeptide Y 

'antigen f50 -ul per 100 jug neuropeptide Y) before diJution 

in phosphate buffer to insure that the neuropeptide ¥ 

was completely dissolved. " «, ' 

In order to "facilitate' the visualisation 6t 

immunoreactive »cell bodies, five hamsters received an 
. *• * 

injection of colchicine (60 -*• 200 u% "colchicine in Z0 <wl 
is- • 

distilled water; Sigma) into the lateral ventricle under 

/ 
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sodltim pentobarbital anesthesia (80 mg/kg) ~24 hours 

' prior* to sacrifice/ 4The coordinates used were 0.5 mm 
/ y —- q 

/caudal and 1.6 mm~Tateral to bregma^ 3.7 mm below dura,^ 
-. at 

- 9 -r 

. I I I . B . l . b . Radiofrequency l e s i o n s of t h e ' g e n i c u l a t e - J5*t~\ 
• „ "• » - w 

« ,- . ** 

'Twenty.-eight hamsters were given bilateral lesions , 

of the VLGN' and intergeniculate.'.leaflet. In addition, 2 
y*-

Animals were given unilateral lesions in order to as'sess 
y 

how touch tof the geniculorsuprachiasmatic tract t is 

crossed, "" Hamsters were' anesthetized with sodium -

pentobarbital (80 mg/kg) and positioned tin a Kopf 

stereotaxic, instrument with the; incisor bar 2̂-0 mm below 

the interaural line. Radiofrequency lesions were placed 

at three rostrocaudal points (1.6, 1.1, and 0.6 mirf 

caudal to .bregma; 3.0,' 3.15, and 3.2 mm lateral ̂to the 
•a 

midline; and 5.0, 4.65, and 4.38 mm ventral" from dura) 

. using a Grass LM4w lesion maker. Current equivalent to-

„ 12 ̂ "to*** 15 4nA "DC. was passed for 15 seconds through an 
* - ••' 

electrode constructed from, a stainless steel' insect pih / 

insulated except for .5 mm at the tip. Animals with 

bilateral geniculate lesions were sacrificed frojm" 8. to 

300 days after surgery. The two animals which received 

unilateral geniculate lesions were sacrificed 13 and 30 

days after surgery-. Alternate sections through the 
y . * „ 

.suprachiasmatic nucleus were processed for neuropeptide 
> ' ' »• .. 

Y-immunoreactivity as described above or stained with 

la 

- t 



cresyl .violet and luxol . fast blue. Lesions were 

assessed by comparing the distribution of neuropeptide Y 

immunoreactivity . in every third section through the 

geniculate area with the ' alternate counterstained 

sections. * - \ 

III.B.I.e. Results , ° v * 
•i 

' Neuropeptide Y-lmmunoreactive fibers forming a dense 

plexus in the suprachiasmatic /nucleus .were visualized 

0 with or without colchicine/pretreatment. At bo bit* 

rostral and'l^\"caudal levels* of the suprachiasmatic *= 

nucleus, * these fibers were densest ventrally, while at 
?* « * * 

the middle of the rostro-caudal extent,, fibers were most -

concentrated ventromedially. ' Fiber ( density appeared. 

highest, at these middle levels of, the suprachiasmatic 

nucleus. Neuropeptide Y-immunoreactive .fibers were 
' i .« 

observed throughout the rest of . the suprachiasmatic 
•\l-

nucleus; . however,- the " dorsomedial" su*«f«chiaswattc 

nucleus showed only-very sparse immunoreactive fibers. 

At all levels, the suprachiasmatic nucleus was*bounded 
/' " '.' '' 

laterally by //a "capsule" containing, very' . few 
/ , -*-

immunoreactive fibers. The capsule was most visible at 
/ ' • I ' • 

middle, levels of the suprachiasmatic .nucleus (see Figure 
o -

l'lA). No , immunoreactive fibers 'w.ere observed in the 

suprachiasmatic nucleus after preabsorption' of the 

antiserum -with neuropeptide Y." , ' ' * 

> x 

JX 


