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.fView of the-

o lux, and ‘that!

l:ffor e/indicate ‘wavelengths from|'a laeer\aource.. The,?j

C /

R netve, ona line’ drown fron

('Example of one of*the 50 X 45 X 12 5 cm wire mesh
cgees. used to houae the' rat pups. Each 'cdge housed .

‘B-rat pups from day 14 for a period of - 8 weeks............ ﬂﬁ.,4C

. | . ‘ .

! View 6f the, experimental eetaup without the diﬁfusing a 1

- slieets in’ place. ¢ The two. cages’ below the battery of .
lights housed, the unsutured, bright light, and the " = <.

“ 1lidrsutured, bright light groups, and the’ cage on top - - - -

_of the table housed' the upsutured, dim’ 1ight group. ' '
Thé fluorescent tubea we:ggzach 20 watts’and 20 -

inches long cereedel ff................‘....;....... '..;.. 16
v - B o /(/(‘ prenITeL : e

eheets

. place., The .diffusing. sheets. adjasted the R }~
»Iight-fnt ’

ensity ‘of the bright- light groups to° 1960 _
of ' the dim light group to 9‘8 }ux.....;.

;Graph of ‘the B'r cent transmiesioA of the sutured
- rat eye lids f4r the’ given wavele gthl. The' circles N
«{0)- represent the percent transmi sion of rat eye 1ids’

‘tridngles (A) represent the mean, percent .transmission:
_<For a particular’ wavelength.- “The hi gh- transmiasion
at’ 488 np is- thoug

the spectrum.....................................;......., 21

Schematic diagram of th scleral surface of i rat
. retina ehowing?the land
- areas (stipled) on ‘all retinas" ‘éxamined.,
"of obaervation 15 located I\mm, temporal to the’ optic

nerve: tnirhe_temporal notech (eut during'hemiaeétion S

La:;:,'qi

R E e A S [
P « Lo el ) P
O d el L X L T L U TR R

R .
P TR I B PO g rtins

*\' “7 .

.///\ ;

of the eye)

Light micrograph of a retina from an - unsutured\\btf;ht :
light reared rat.: Almost complete'\degenération of

“outer segments and’ degeneration of 'bout nine-tenths RS ."Siifi:”.
£ the- outer nucleer™layer is eviden by comparison o »_‘f‘i
™ either of the undamsged retipas (figure.8 or 9), .", = i

530x I.l’l.lllll..cr.l.‘..ltl-l.llulll!.illc..'li.i!.";lle"v‘31:; .

bright 1ight reared rat. Thie retina a so experieneed
‘iight*dumage~55imilar 'to “that” of the unsiytured, bright ‘f
light group (figure 6) ;

perimental eet—up with the diffuaing L 15"hih

t to be.due to.a very-narrow - .- - Z,:gv‘r N
. "window" near the blue:arealof the spectrum.‘ The peak - - ' '~ |
would then ;be nearer \the red end (toward 647 nm) of. ‘€~’-""“ e

ks used -to’ locate identical -, = - :T~}fi"
. The area ', PR

e cehter of ithe optic: - . . :

‘See text for more deteil.......;....2....;.. -25:Z;Lfl]

530 x .b.n‘o-oo-otcn-oc-oono-cnlo.".3’1 ,‘ !
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""_‘19196}{.-----d----.-n..-----..------'-.-.c..ooan-.-tno'-.. "'l!?:‘; B

" from the unsutured, dim' 1ight. group. . Single arrows,
L indicate amacrine symapses, while double’ drrows’ indicate N
o bipolar, or. ribbon ay'napsea. The rib‘bono/ in two oE the
- bipolar processes (bl and'b2) are free-floating, tl;e e O
.+ remaining ribbon is in a dyad configuration. Conventional— R

~ lookKing- gynapses. (single white arrow) 'in processes with. RN
bipoler—like matri_cee (b3) were not’ counted 19196)(. et {05 L

I

;‘:g\ .
- 'v L g .
" Liac of Figurés ~(‘_Contr'_d.)"' ' = -
” L l' ARy
ce Do T ,. .' -" , - Page

'\

Light micrograph of a. retina frOm an unsuturod dim )
- 1ight reared rat. - No apparent damage to any layers x

of the retinawaa&hserved. 530x. 33

\
-Light micrograph of a retina frof. B Iid-autured dark.

.. 'segments’ and nine-tenths of -the recep tor nuclei (RN)
* The:arrows point.to.the remaing 'of 'the outer limiting g
C membrane. 18960X....................\;’....................' 235,

""‘-_"Mierograph of nqrmal retind (UD) showing.a portion

.- reared rat. The inner nuclear layer and inner R
iy pIexiform layer were found to: be significantly larger S
than thoae of ‘?the other \ionditions. 530x. B S . 33,

Micrograph of g light d. ged’ retina (UB) ahowing the ' - PR o
. exteénsive réceptor damage.‘ The pigment epithelivm... =~ .
= (PE) has. collapaed, and reeta on thé! remaining -

degenerating tissue, previoualy tzhe inner and outer

‘of. the 'intact ifner seégments (IS) and\'outer segmenre '

: _.‘:":;A micrograph ftom ‘a montage of the IPﬂ or a rat o
; '-.l"reti.na from* the unsutured, bright 11 h(t group. Single

" arrows indicate emacrine or conVentional synapsea._ o

_ ::"’ while ‘double arrows indicate bipolar, bt ribbon
" synapses. Two amacrine - procesoes (al and-a2) are in"” o R
) eerial configuration.‘ 18960}{.......,.l.........z.......... 40 - -

A micrograph from & montage of the IPLlof a’ rat ':.

. ‘retina from.the lid-sutured; bright light reared .
-_'group..- Single arrowa i icate amacrine, or conventional
. ‘synapses, while. the -double arrowa indicate bipolar.

--or ribbon\synapses.. The amacrine procesa (a) fom a’’

'reciprocal ‘synapse -onto the bipolar" process .

i
o !'

‘A micrograph from a montage of ‘the IPL of a rat reti:na

’(OS), miasing in the light damaged retinas. 19153)(.. ‘3‘7-,':- L

[y

e aniatrte el




L5f/ A micrograp from 2. mohtage ‘of ' the IPL. of a rat

retina. from ‘the lid-sutured datk reareql groupl. R :
- Single: arrogs :I.ndicate amacrine synapses, while double
-arrows .indi

C by contains a frée~floating, ribbon and a:ribbon in

ate. bipolar synapses. - -The bipolar process

dyad configuration (*) . 18895X...........................

Graph of" the incidence of mtal amaerine and bipolar
synepses” irl the IPL. ’Note the .lack of differences’

. actoss ‘con itione..................................L...‘.- &




" Table

_3.

oty

. a ligh

Mfean thickﬁeba (u) of retinal layera for each of the

’. ‘the GCL figasurément includes‘i

S Comparieon of the eynaptic incidencea in the IPLs of
.- Gnsutured, bright 1light reared (UB),:Tid-sutured, bright

o weighted according to tHa area from which individ al -

"1".- '7'.'

' deprivation i

1
N AR
o, ;

n studies in the literature. teevecssnss

_Thé"incidences eud‘ E. r'atios of‘ "normal or control
) retinas from the ]

Compar son of the increaaes of amacrine sy:fape‘gs An

deprived retina to a control retina in studies . -

by Sosula & Glow .(1971) 'and Fifkova (1972b): A/(total) -
total amacrine. synapses;, - N/ amacrine—-amacrine

synapses,, A/B = amaérine~bipolar synapses, A/G =

crine-ganglion synapses............................

. four conditions. UB, SB ‘up, tand/ SN.
ONL-outer nuclear layer, NL-inner nuclear layer, IPL=° ;’
- -inner. plexifo layer.GCL-gahg ion.cell" layer.' (Note-

& 'optic nerve layer). ' ‘
total easuremenq is noti he pum of" the other -~ "~
auremgn‘;le beeause the- inner, segments and outet -

QS-outer eegments v

The
. me

N plexiform layer were not measuredr individually. veeeiees .'. o,

e L

. 1ight reared (SB),! unsutured E light reared (UD), and
. 11d-sutiired, ‘dark reared (SN) ‘fhts. | A/ (total)=total
amacrine synapses, A/A-amacrine—amacrﬁ:e synapses,: -

" AfBeamacrine-bipolar,” A/G=amacrine-ganglion,.A/U=amacr ine- 5 T

undefined B/A-bipolar-z .amacrines, B/Gﬂbipolar-ganglion,

! amacrine, B/Uabipolar-Z undefined- (free-floating ribbons ‘

" included .in ‘this’ caﬂego?) " The meane stiown here a

incidﬂ'lces Vare calcula ed'llpllllnbtulculvgicu.'!u.‘.t.cl'...

Summary of the. enalyais of variance of the IPL

C-eondition, L-layer of IPL L3-outer third of IPL.. ceainss
.

Incidences ‘of- total amacrine and bipolar synapses for

“the entire IPL, ‘and the AYB ratios, for _tﬁe four -

cox\ditions* unsutured “bright light reared (UB). )

lid-sutured bright light reared * (SB), unsutured, dim-

1ight renred (UD) s lid-sutured, rdark’ reared (SN).... o .....,

Comga’rieons of the changes in synaptic incidenees ‘~.3'

. (expressed as % of"controls) of total:amsicrine:and: ,
.-total bipolar’ sy'napses die. to light damage and- light oo
Fifkova' 8 light damaged data 1s from,
+Fifkova.. (1973), her 1ight deprived dgta is from ,
Fif.kova (l972b) P8 *-no statistics reported. R RERPE .'. o
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. ’ ‘
j rat eye lid is about 0 52),. nd wes therefo\re 9 8 un. All retinas

v ' '. - Abstract
Four groupe of eight male albino rat’ pupe (llo days old) vere )
raised for 8 w eke ‘undler different conditione- l) unsutured, bright
\,light rear}d (UB), 2) bilaterally lid-eut:ured /Dright l.ight; reared
(SB) 3). unautured dim light rea.red (UD), and 4) bilaterally
lid—autured "dark .rea.red (SN) The intensity of the bright light was o ‘
1960 lux. 'I'he intm{sity of the dim light was equat d with that L B

st:l:ikingr the corneaa of the SB group (tranemiasion f the sutured

\

stained for 1ight and electron microeeopy.; Microtomy, microscopy, S \ :

, . ~\_. -;. .~ AN N
X . . N (

and scoring were done blind
Light microscopy showed that the retinas of both thef UB and SB

groups were extensively damag?ed--almost Eomplete degeneration of the i L

\ﬁ"-

outer retinal layers, indicating that even verS‘:aw inteneity light

(9 8" 1ux), when continuous, cauaes severe reti damage. The SN

‘roup was thicker in Jnany of the retinal layere compared to the UD
\)/’ ) ‘- : '. S vt . ".’- . A"

2

e Electron microscop)x revealed that with“the exception of
badid Vo E t_

o amacriue-ganglion synapses, there e.re no eiguificpnt changes in the

incidencea of _ag_y_ type of synapee in the IPL of the rat retina after

light deprivation or light damag g The incidence of amacrine-ganglion " '

- ." L

aynapsea was significantly greater (p <: 05) in groupa UB and SN, 5

onlz in the buter third of the IPL. -

j ie queetionable. :If it does exiat, it is a’ very small effect, and is 4 -

’ ' \

probably reflected by only the amcrine-ganglion eynapsee. 3

.' _.,.:_ ;" l )

-

e ot Mo g D)
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RetinaliA‘natomy." L S 3 S

. " - - ’ e e el ' , .
: & L o R Early anatomical studies have s'nown ,that' ;;1 ver::ebrate xeuné‘sﬁm‘
o : . v e .

) :5 ) ’ uaﬁtatively similar (Cajal 1972, Polyak 1941 Bé’ycott & Dowling. 1969.
B ; ‘ L Du,bin, 1970) The retina is composed of 5 differ'em:n tyges of cellé, wtth
b o ) their nucler arranged in 3 nuclear layérs, oseparatea b;r tbwol 1aye;s of

' € N3 °

synapt:l,c 1nteractfon that \are free of nuclei ('plexiform layers).' Th.e
. “t.

receptor per:lkarya form the outer nuclear layer (DNL) of the ret.ina, which

. R -» "o ¢« -
'Zy\ is separated& from the inner nuclear layer (INL) by t‘neb outer plexifomp

The INL contains the cell bodies cf the horizontal bipo-_' .

layer (OPL)

"s

the ganglion cell layer (GCL) from the INL. The GCL :{as compos%d of the" ‘.

',-'rrganglion cell bodies, who’se axons form the optic nerve fihe‘r 1ayer. Tl\e
o plexifom layers contain the fine processes of the cel,ls from adja"cent
nuc],ear 1ayers and are the aites of their synaptic interaction. Commun:- ",'; '

el P C e LTt

S R ': ication bet:ueen receptor, horizontal, and bi,pola.r cells occurs i\, he OPL,

T \ . '_; EETRI? .

~". and counnunication between bipola:r, .amacrine, and" ganglion cells occdrs_ ﬂ '
o

v A A o-.~-' RagP R

'( in the IPL. -Bipolar celJ. axons have a. specielized pﬁesynaptic ribbon,

. L " which is usually. directed between two postsynfptic prncesees, oré. of

" e N ‘-. '~u'.'O : o Y ‘G

B other a.macrine process;'-.‘f.
RS (Dowling & Boycott,. 1966) ',
- dnd may have either bipolar amacrine, _.o'

..","

y'
a

‘ganglion cell processe 3‘




postsyaaptic elemente. The ganglion’cell dendrites ere hever p:esynaptic.;
e PN . .\-‘ - . a .~
Ofkthe two layers,of'synaptic intetaction, the IPL has the more com—

\ A

plex structure (Gajal x1972 Dowling & Boycott, 1966), and has rEcently

PN .

been shown to have a correspondingly greater role in establishing com~" ’

plexity of retinal.output QWerblin & Dowling, l§g;) Dubin(1970) has ”'¥3‘ ? Vg

shown that animals’raﬁhed according to anatomical complexity of IPL are - - - BN I8

¢

f similarily ranged according to complexity of the response properties of -

3
on

ganglion cells, ,e. human, monkey, cat, rat, rabbit, ground squirrel,

] : / R
frog,\and pigeon An indication‘of the degree of enatomical complexity

< . o
.-". . . DA !

ois the ratio of amdcgine synapses to bipolar synapses.; The amacrine bi—-
1-. ,. ‘_“ . ..’\ A vl .

?Jfﬁé rﬁiiogiare apparent and it will be arguedulater that they are 1ikely
IR . ) - o o A
due to differences in methodology and criteria for identification of syn— ‘: e

Cepgea. S R

ghysiologyfof the Retina«

v

:l'The anatomical and physiologicab studies of the retina indicate that

it is a good model with which to etudy neural function as it hae only one.l- ‘
. Y k% R
input and one output,qyet it is complex enough to be interesting.u Invest— B

igatore have found correlation§ between the physiology and the anatomy

\., - 2
qfield cloeely approxim&tea its dendritic apreed and similarily, the‘

" E .
. . .. “ AN
wt < v v o --3. W, e . a

,flaxeral Bpread,of the horizontalicell processes approximate the antagon—t'yﬁ.

« p‘




s

b . - ' : 1 . . . .

a; - ..' ourround is formed bﬁ receptor driven horizontaltcelln'in the per:phery ' : i

:fé i of‘the bipolar's receptive field which dodulate'the.bipolar-out?ht-(Wer- | :g ) :L“
; i . blin &'bowling, 1969) . The anacrine cell is coneidered.an-fnterneqr;n ’ t fgf};

:fz~ . ' in the;IPl.and probably'aernes to eateblisn stroné'antagoniatic center o ' ': }n Lo
% L8 2 T - sunround propertiesjin‘ganglion:oellq. 'Amacrinevcells, because pf their 1 .: 'E-'\ n
”g B ’ i ‘transient nature,’ are eléb thouéhg to be reaponsible'forethe phasic, mo- . §~;;£}jl'
’é - L ’ tion senaitive‘éanglion cells (Werﬁlin E\Dowling,.1969). Werblin & Dow- : Z ..;.';

5 ) o . AL DA " B
",;“ ¢ ) lin8(1969) suggest that ganglion cel whicﬂ<are“tonic“in natute’receive ) ' '§~,‘-.:'
- mainly binlar input, and those which'are phasic in nature receive mainl; ; ) ‘
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fjto retinal qndtomy .3

- g .

amacrine input:\\The motion—selectivity of ganglion cells is also thought fi

"u 0 Y ~.

known physiology.of retinal components stron

v s
. woi.
" . m -

The eaoe vith which natural stimuli can

. .‘ [
* ..‘ 2 g ey

and the fact that it has” one output which can be eaeily monitored make itu.

. & » e
T . 3 Bl el & .-

A very advantageous tofuse'as a model tiaaue for. studying neuronal integra-‘

. . =

» .l '.,«"
tion., The retiha would thus, seem ideally

1
. 3 3 K
o v . .t .

. e, A -
. .

anatomical plaetieity of the nerVoue syatem.

+ . er gne L

’and. Fifkova(1972b) have thoroughly described

.
‘ N .‘ N

- .

le)) )

\ the IPL'of the normal rat retina and have in

.-' .._, »

~
. -‘.

[N e ..‘

coud r W

1

These

incidenceg of synapsee in“this layer‘~

after visual déprivation by monocular lid-su

sl B 1 "_ 3 .. o
.:~..‘ ‘,,‘ e

..cluder (Sosula & Glow, 1971). there is a significant increase in the total'i

e -'.' .-.

number of amacrine pynapses in the IPL

-

K = o

pr aing plasticity in this sfructure~'hich coﬂsists qf chanaes in the el

However, beyondﬂthis, there ia

- .t

m-, -

gly imp

tionship

ies-its rela

ot =

be presented
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suited For- inveatigations of

K

Sosula & Glowf(1970 1971)“~‘
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.u .-

‘the synaptic densities in

additiou dempnatrated a aur- -
l- . -‘.
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inyestigators agree that
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ture (Fifkova 1972b) or oc-qz ;
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"'I;a‘able 2, Comparison of the,iﬁcre@sés E‘f\_\ama rine synapses In a

light ‘déprived retina to a control ret:.Lna:J'} studies b},‘v Sosula l
& Glow (1971) and Fifkova' (l972i:). A/ (total) = total smacrine ‘ .
Bynapseé,'A-/,A & amacrine-amacrine synapé(a;cz,\AIB‘= macrineubiﬁolar !
synapses, A/G = aﬁnacrine-ganglioﬁ synapses, } ‘
il l ’ v / . é‘
. ‘ - / ‘} ;-‘
~ ) . K .
) . / « . Lt ’ A
T W = , _ ;,
. " - s e ~‘ . i y ' ’ X ' '
. -~ I _.' ’ 4 :\e 4 ‘ o . v
RN A AL R S ' !
Sostila. & Glow :(1971) " .« - -Fifkova\(1972b) - .7 -~

© 145 Xinerea

A2 (2K increage 100" T ; ;
LA L5 Xderense [ ns Tl 1,2°X 1ﬁa'::e€?%\7i:,.boi~.~ BB
‘ 7+ 7, .:35 X Increasel 001 " " " 0.9 X deérease| - ma. i |
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of disagreement between the two'studies_are'evident.

.fNoeli, et al., 1966 Noel

6

2t

'the increase of anacrihe synapses due to light depriVation, and_the areas

found a 1.5 fold increasé in the‘nunber‘of'anacrine—bipolar synapses, and °

Fifkova(1972b) found a.1.2 fold increase, and although the direction of

Sosula & Glow(1971)

change was similar fqr botH atudies, they disagree as. to statiatical sig~

ty

.nificance. Sosula & Glow(197l) found a 3.5 increase in the number of'

amacrine—ganglion synapses, vhereas: Fifkova(l972b) fpund a nonsignif-

icant 0 9 fold decreasen

cr

‘ Some recent etudies‘have demonstrated retinal degeneration dne to -

'H'what was previously thought "low level” illumination (Bennett, et al..

. ' T

{:19733, 1973b) This suggests that retinal plasticity may Be caused byff‘

N

Sy " ’. .

differences between her and Sosula & Glow 9(1971) data may be due to th

‘{fadditional variable.as\Soaula & Glow(197l) uSed hooded rats which might

~”have been more resistant to light damage thah her albino rats. T

i

The effects qf 1ight damage are most réadily observed in the outer

M .

CLE Anderson, 1972), and ore specifically, extensive loss of receptor ce
': after 120 days of continuous "normal light"'(approximately 400 lux) was

'ﬂ;observed by‘Bennett /et al..(1973b) Photoreceptor and pigment epithel-‘

«

‘ial cell damage after 6 and 12 hours of light often considered normal

e

'»;(70 foot candlea direct light and lB foot candles reflected from cage

;lbottom, 754 and 19h lux respectively) was found to be reversible after

:

.iilight damage rathen than light deprivation.: Fifkova(1972b) suggeBCS that

is

;1ayers of the retina (the outer plexiform and photoreoeptor layers) De—

v‘

et al., 1971 Noell & Albrecht,1197l O'Steen

lls

re

. generation of the outer layers has been observed after a period of contin—’
. Ny v
' uous light exposure (Anderson & 0! Steen, 1972 Gorn & Kuwabara, 1967- L

’4 hourd’of dark (Shear, et al., 1973) but it ia uncertain whether 18 n T

[N

PRI RS PP
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hour da'mage is reversible.- Fi:f'kova(l972a) observed that shrinkage of ‘the

’ . ~ outer layers was dependent on' the duration of light exposure. In addi~ . :
/ "..> . tion, Law*')ill(l973) tias confirmed t:hat in rabbit, not only is the thresh- . ) ‘E ey
: . 4 . old of permanent retinal damage dependent on the light source, but the ‘ efl
\ _' . ' . damage 1s direct-lyf»relsted to the absor.pti'o:n of energy by the, receptors, % v
' ’ ' " .., -and th‘a’t light of the visible spectruu is responsible for ‘the dsuage. e , ; . :'
]g : | ‘ Although most studies concerping light damage have observed the ef- {
‘ - - fects on the outer layers, changes within the' IPL are also thought to
' ' . ' .occur. Weiskranr_z(l958) has observed a decrease dn’ the thickness of the i 3 L
£ AR . :IPL in light deprived cats which has:been confirmed by Rasch, et al- | § o ,{ »
, (1961) but Cragg(1969) suggests that these findings are in mtion 4."""':/5‘. 5 ﬁ
6 ‘ ",";:to these authors, but his main coheern v;rlas‘ OPL, not IPL.. The findings bvy‘ L
: ,“.others (Sosuls & Glow, 1971 Fifkova, 1972b) suggest that there is no Sig-— T
“_'I"_-{nificant change in thickness of IPL due to 1ight deprivation, or light : é
R .;'ﬁ';;gg;'i, ;Q"damage (Fifkova, 1973) _‘u_qf}d"n}',' m‘=f»':'::i:,1fum; 'j;;,ii?"f L
| ) ‘ Fifkova(l972b) observed a reduction in. the number of_ bipolar synqpses / ; : ‘
; ‘ ' - in the IPL due to "normal" light (500 —lux, B hours per dsy for 2 months), A ‘ ”

‘_ §and also observed there was no difference in the thicknesses of the outer :,""

N ‘i.

o layers of/ the retinas of both the depr'ived and undeprived animals.\ Sosula —

L
E

& Glow(197sl) also found no decrease in the thickness of the outer 1ayers :

S S

BN SR N e : % D

1§ o T in the exposed re.tinas of hooded rats, but did not confim a. significant S gy e

S : : P, R o m

\ ~I‘ ) "‘I~A‘v r T S ‘ " 1 » ' . X LA - ' -

t = decrease in; the number of bipolar synapses and in fact found the direction N BT
i "_of change to be opposite (See Appendix F) Fifkova(1972b) suggested that ’

L 'this difference might be due td protection o}fered by the pigment in the .

~ Ve

choroidea of hooded rat‘B.

FiQs’ova(1973) has further investigated light damage in the IPL. She B
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months, 16 hours for 4 months, and 16 hours for 6 months. As in her

eaflier study (F&fkova, l972a) he found no evidence of damage to the

*

receptor layers in the group exposed to 500 lux, 8 hours per day for 2
/months, and sonthis group sas,considered a'control. It4yas found that
increasing the 1en§th or period'of exposure reéulted in increased re-
ceptor layer‘damAge;‘and slso a decrease in the amacrine-biphlar indi-wi:
dence and a sign;ficsnt incresse in the'amacrine-ganglioh incidence. - Her

groups are in effect many replications of the 1f§ht damage effect and

) ;the consistency of. the results ke it seem 1ike1y to be a teai eﬁfect.

£ o ekt SR e 3wt 5t g L e

" The discrepancies between/Sosula & Glow s(l971) and Fifkova 's - (1972b7h-

-
ks o A1 is)
- Y PR .

'::.studies are difficult to resolve, partially due bo methodoligical‘differ- u:;-‘

<

'fzences.‘ Sosula & Glow(197l) used adult hooded rats (3 months old), whereas

';fFifkovd(1972b) used albino rst pups (lid~sutured at 14 days) Fifk0va ;f/ a

" 1?(1972b) su’hests that the natural pigment of the chorides«of tHe Hbod'd

Sosuls & Glow(l971) used '

. 1

‘I\frats may act as protection from light da"

'7~;the open eye of their monocularly occlu ed rats as a control, and 80 may

‘ ) have been making a different comparison than Fifkova(l972b), who used

_— / :
L _undeprived unsutured animals as controls. Sosula & Glow(1971) A?y have

. '-'compared light deprived retinas with 1ight damaged retinas if they used

D
t

the open eye of the monocular;y deprived rats as the controls, although

‘ fxfthis is less cettain in the case of hooded rats (Fifkova, l972a), e

"':zfixation techniques were vef& dissimilar.A Sosula & Glow(197l) dmmersed

'*:whole retinal cups in osmium. Tissue fixed in osmium,alone yields low—’f'

A

. density micrographs, making identificatian of the usually higher,density
'hﬁ:bipolar cells difficulE Fifkova s(l972b) fixation makes identification :
vfof different cell processes more certsin as the bipolar terminals have ’

-

342 a matrix with an oversll higher density thsn the amacrine and gangiion
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of a o
thin - T?
: : : Fifkova(197 ) who stained with lead citrate only. Yazulla(1974) has‘ﬁ‘ "
i .
. f shown that do »
4 _ /e B N i
= y rographs which bia =
:f“i’?_?taken rsndomly thro ghout t e IPL, rather than ukﬂ:ages, of 7 deprive o Lo
N . " N ' ‘ ' : o p . SO
f:{ : i When comparing only one deprived re = -q. i
bl R
. ’3,_ ) "g
PENRINRY "-, xS ',:; N -:"'-.
Sl ; ~ ) . A,I_:'
.v\‘. N P‘ 3
o '.A.tain, thus significant di
IRV ' L L
v - uf'F:A . sult of{artifaetu Unless a 1 reti as. are fixed at the game time, slight
. Lae = R . , .
e ) . - . . f . ' -4
N differences in’ fixation ‘proc dure,; T different batches of fixative may ]
i -influence the reSults. _Eye_m gnitiegtion”propertiesrof an electron micro——
}g. if th scope is re aired for f}@,y~ .

‘scope may change during the pr jeet ¢

i

to significantly change‘the inci ence c unts.. Also, changes in*lens

4strength even during one session 'an var magnification eesily by .52

“which gives an area range of 202 ! herefo e use of a calibration grid is

ia must. v

HEN

S :‘.some reason,'and the lens curre't’adju ted, or ei n; just drift over time) [;1"
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incidence counts may'be significantly different due to systematic varia-

v

tions of synaptic densities between the center and" periphery af retinas

in general It is imperative that similar areas of retina are compared.

Fifkova(l972b) observed samples from a "atrip of tissue-l nm wide, from

a

) ‘which blocks next to the optic nerve were preparedcﬁ Sosula & Glow(l97l)

B v

do not indicate how, or 1if, they were certain of looking at similar areas
i ’ . .

- K ~
to resolvelwhether the’ discrepancies between the two studies are. due to

’

their methodological differenéhs, methodological problema, or both.

Ty . \

‘ 'iFfl‘ difference.#

The IPL changes may be due to changes in synaptic size rather than

e f _‘ A

incidence., Some evidence exists which suggests that the decrease in the
N . - ", i
Wagner(1973) has shown a dark—induced decreaae in the number'_;
/. I W
of synaptic ribbons in fish retina, and suggests that the "restitution

total bipolar incidence is due to a siz difference rather than a number

.\,

o of the Bame ribbons to allow photopic vision must take place in less than_-

. 30 minutes. .This rapid change in ribbons brings up the possibility ‘that .

the differences dn bipolar incidences due to light deprivation may be

relative size differences rathen than absolute differences. Bipolar syn~
apses may not be decreasing in nﬂc:er -but d creasing in size; accounting"

for the decreased bipolar inciden S‘Bbserved y Fifkova(1972b) (

- \

even have results in the opposite direction ) .J\
et 'u" : ;
‘] Some reeent evidence by Sherman & Stone(l973) suggests that visual

- .1

P

deprivation by 1id—suture haa no effect on’ the-development of the . retina, PR

RS . T

’,'at least in cat In an attempt to locate the site of the physiological_

abnormalities in light deprived cats field potentials and single unit

L characteristica of Y, X, and W type ganglion cells of 1ight depriveﬁ

-

in their comparison of light deprived and‘control retinas.- It is difficultf{

Bl LS A i e 8 B Lol e tein

e Lt o Ly i
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A

. of nbrmal or con rol retinas show Dubin(l970) to have found an A B ratio

"'-? further investiga ions dealing with light deprination are also inconsis- A

tent.saAs[seen fr m’ table 2 and Appendix F ‘Sosula & Glow(1971) and Fif—, -

' of light damage on; rat retina - (FifkoVa, 1973) Those studies on light.
. )

] . »

]

, c 11
. cats were compared with normal cats. Both the antidromit field pétentials

and- the singlle unit eharacterisfics were normal. The integrity of the

ganglion cell characteristics depends very much on that of amacrine and

A

bipolar input, It 1s reasonable to assume that if there was a large in-
crease in amalkine input onto ganglion cells, that their response charac-

teristics would change, perhapsdmaking them more phasic (recall Werblin .

& Dowling, 196&Q, but no such change’is observed.

The presen# literature on the IPL ofirat retina and on the effects

ofn:is\\I“depriGation dre Very inconsistent The conpenison in»table-l

L

(. L
of 3 3 Sosula & Glow(1970) 7 0, Sosula & Glow(197l) 7 7, while Fifkova

(1972b) had 10 6 The discrepancy for normal retinas is very large and t

. | PR

= \, ‘4_'

=

kova(1972b) are statistically different, and even in opposition concerning ;g“"A

+

the changes in the IPL Only one investigator has looked at the effect

deprivation have mqnipulated both patterned light and diffuse’ light simul—

l
taneously, and have%not adequately compared the effect of light damage.'

" One study 1s needed to investigate the individual effects of form depri-
vation, light deprivation ‘and light damage on the ultrastructure of the
IPL of rat retina tﬁ resolve the differences, be they due to the’methodo-

s

logical differences or methodological prohlems of the present'literature.\’(

If environmental differences impose plasticity*at as early a 1evel '

A0

‘ as the retina, it becomes debatable whether the monocularly induded plas-
. 1 ,

ticity obsérved at the visual cortex indeed originatea in corte; alone,

“r

' or actually.is due th—an altered input as a result of changes within
B . Lo . . ».‘. '. ’,. ’..(
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o . .
'.ter—mate rat pups were uSed, and run at the same: time. All animals were

. Fifkova(1972b) and Sosula\&,Glow(l97l) will be discussed An the 1ight of

e RY

i )

‘-

"~ N 12 .

SN - :
the retina. (However, binocularly induced plasticity is &ettain y cor- °

tical in origin as this is the first place that input from both eyes

interact). If plasticity is indeed found in a structure as early as
retina, it must give pause for thought to investigators who claim that
the cortical plasticity they have observed is the basis of memory. Thus

it is importandgko resolve the’'inconsistencies in the literature by testing

Qplasticity more critically and, if verified, to determine which environ-

mental factbrs are responsible for specific retinal changes.

The present study was an investigation intended to resolve the effects

.~of form deprivation, light deprivation,‘and light damage on the IPL of

. rat’ retina. To clear up the.inconsistencies of the previous studies, lit—

1

;fixed at the same time, and the micrqtomy, microscopy, and Scoring were '

'

'.done blind Toxeﬂsure truetnagnification (and incidence counts), a. cali— :I,..

A \,-,1.-’

bration grid was used with each montagexand light micrographs.- A strict

© e [

. criterion (Dubin 1970) was adhered to and checked by an independent ob- 2

server for’ uniformity»of scoring.

u . N

Results for the light deprived retinas and light damaged retinas were

: opposéd to those found- by Sosula & Glow(1971) and Fifk0va(1972b 1973), in

that there were no significant differences between synaptic incidences in

the IPL of light deprived and light damaged retinas. mThere were in- fact
nL significant differences between the IPL of - retinas exposed to bright-If
oNs ’

t light ot dim light, or those light deprived The results obtained by

-

s

the present findings.
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Methods & Materials ’

lhree male albino rat pups from each of eight triplet sets were ran-
domly assigned to one of three conditions: l) unsutured, bright‘light
reared (UB), 2) bilaterally lid-sutured, bright light reared (5B), and
3) unSutured, dim light reared éUD). A fourth group, bilaterally lid:
VSutured, dark reared (SN),,was composed of eight male albino rat pups ran-
domly chosen from six litters. The eXperiment originally proposed to use

eight littermate quadruplet sets, with each memher of a set assigned to a

:;Sb. condition, such that a litter effect if any, could be controlled. In-the

3
(23

ﬁég;ﬁcourse of the experiment the female with the SN group became vicious and‘

"cannibalized the ewtire group. Thisogroup was replaced with pups chosen

Yoo

' ' ’ﬁ‘randomly from six litters born on the same day., All pups wereaplaced in_

e

their respective conditions on day 14, along with one nursing female perf“

‘.nf group. The females uere removed after 3 days and the pups remained in
PR . ! .

their conditions for a total of 8 weeks. .

. To accomplish lid-suture, the edges of the uppér and 1ower lids were

surgically removed, under ether anesthetic, and the lids wefe then sutured

. together (EthiCOn Kr889 6-0 sterile suﬂgical silk) and allowed to heal
This method ensures that there: are no minute holes for direct light to
enter. All suturing was done .on day 14 before the eyes ‘had opened

The four groups of pups wvere housed in identical 50 cm X 45 cm X

4

©12. 5 cm wire mesh cages (see figure 1) Groups SB and UB.were exposed

e -

to the same bright light source. The intensity of the bright light was

o,

1960 lux, and was provided by a, series of 20 inch 20 watt flourescent

‘tubes. To ensure that rhe 1ight was uniform, a sheet of white cotton

' >

material served to diffuse the light. The UD group was expoSed to 1ow

hl
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V/a.r"bf the exper:l.mental set-—up without the diffusing

,.The two cageerbelow the battery, ,of light:s hOused
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‘ ) L . 20
intensity light. The light source for this group was provided by the\

flourescent ceiling lights of the room. A sheet of white cotton mater-

ial was used to adjust the intensity "to about 9.8 iux. and also served. - -
.o /
to diffuse the light. Figure -2 shows the experimental set—up without

the di_ffusing sheets and figure 3 with the diffusing sheets. All mea-
surements of_ intensity vere taken at t’ue cage bottoms, with a Gollen

8.66-1072 light meter.. The exact.inte'nsity of the difruse light for '
thé UD grou;\w\aé matched with the calculated intensity of light inci:-

) dent on the:corneas of the _SB group. (The intemsity of light striking

the-corneas of- the SB group is the praduct of the intensity of the 1light

, at’ the cage level and the proportion of light transmitted by the eye |

._ L. R . ._.‘ ) ) . Lo , . '.A\, . /
. "1id) i -. . .‘,, ‘ '.'.“.‘ ‘ .:"w( ‘

. . . . . ) . o . R N Lov Y 'l
“. . . . . . o

. R "v
L e The percent transmission of the sutured Tat eye 1id was measured‘ :

L in the follow:.ngvm_anner., Eye lids of one month old rate, prEviously lid—

‘ acroes an aperture 7 mm in diameter, and immediately placed in the path
of a laeer beam produced by a Model 52 Ion Laser (Coherent Radiation,

: , ' . ‘ Palo Alto, Calif ) The incident and transmitted light was ‘d,etec-'ted ‘by

o ‘, . o a photocell and measuﬂed on a calibrated meter. . Tr:ans'mis'sion.'coefﬁic-

. ients were 0. 57’ to 0. 1% for /wavelengths tanging from 488 om to 647 nm

respectively (see figure 4) g Similar results were. obtained using a Uni— R

cam SP 500 Seriee 2 Ultraviolet and "Vieible Spectrophotomet:er-‘ (0. 57’ or

|
1ess t;ransmission), but the light source was not intense enough for .a

'more accurate measure. Thus, the lid-sutured bright light reared rats

,had to ‘rt\aceive about 200 times Fry nuch light (1960 vs. 9. 8 lux) as- the

unsutured,\ dim light reared rats in order to-: equate ‘the luminous fluxo

o .9 eaching thed.r. retinas, - B . . . b
BN . . .o R o . EEEE Lo o

' sutured at day 14 were trimmed of hair. eurgically removed mounted
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Figure 4. Graph of the pér cent transmission of the sutured rat

-eye lids for the given wavelengths. The circle{a,(o)‘,f‘epteséxii: the.:

per cent trgsmmiasion of rat’ ‘eye lids for the ind':!.cated wavelengl:hs i
fro;n a 1aser sourc:-.‘e. "‘I‘He nriangies (A) tépieiagnt the pean per‘ c:er_nta -
trans'mis.’sion for 5 part:@:ular waveleng"tl\};vf"l'.:l;e higil”:‘:‘:a';ns;n:'l‘;'sion ai.: ':-
.488‘ft;m .ism;l-tought ;:o 'b‘e due ;:o a ve e i ,

3 . Lo EH 5 CEPRR It S
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propylene oxide~§pon, at which time they were placed in 100%Z Epon 4An

]
rubber moulds” and left in a 509 C. oven for 2 days. See Appendix A for

a
a detailed description of solutions for fixatiom, and also a working
schedule. Pilot work has ;?own that in rat retina, osmium alone gives the
best fixation of membrane/s', but results in extraction of much of the cyto-
plasmic matrix, making identification of some cell profiles difficult,

Glutaraldehyde followed by osmium yields good contrast micrographs in

which‘cellitypes are'easily identified by differences in their matrices,

13 ,/
/;//}J&ﬂ“fEnds to explode the mitochondria and results in poor membrane fix=~

‘ation in general (possibly making it harder to 1dentify smdll synapses)

e

It was found that the osmium followed by glutaraldehyde fixation tended

to preserve the membranes very nicely, as well as maintaining some of the {

e

| cytoplasmic matrix' Thus mhis fixation was uaed ag a compromise between

observability of synapses and identifiability of processes.

A total of 20 retinas (5 from each condition) ‘were selected on thel,.

'

: basis of good fixation and ability to localize the chosen area. ‘To_ensure

that.all subsequent work was done’ blind, the retinas were randomly coded

ce

" within littermate blocks.by‘a naive observer. The microtomy,imicroscopy,‘

u

and scoringﬁbere then done one randomized block at a time in order to min-’

~ imize any progressive bias. All sectioning was done on an LKB Ultramicro-

tome.‘ One micron sections were' cut and stained with 1.0% paraphenylene-
&

-diaminé'for light microscopy Silver sections (Peachy, 1958) of IPL were

icut and mounted on copper slot grids, and atained with 2% uranyl acetate

: (about 20 min, ) followed by full strength Reynolds lead citrate’ (Reynolds, '

y1963) (about 10. min. ) Yazulla(1974) has found that double staining is

‘preferred because it stains smaller ribbon synapses ordinarily weakly

_ stained using lead citrate alone, and therefore often unnoticed

\
.

~

2 R
RN - . oo
. LI . AP
- N S -
daly o 1

R

e - . PR
LT e b £ (I kI e L Bl ST




I feaniore mm

e

Iretat

et o - - o LT R
PR ",-"': v L s s
SREL - s s S TG PO N RO B .

: .

. v . , -

All groups received ;ood (Purina Rat Chow) and fresh water ad 2311)
To dissipate the heat produced by the battery of lights in the "1ight"
room"(the air was continuously circulated by an electric fan. The temp—
eraturé ‘of the “1ight" room was “taken daily from the top of one of the
bright light cages., The mean temperature for the 8 week period was
27.15% 1,81 5.0.9 C. The lid-sutured, dark rea-rled group was kept in
another 11ght—ti?éht room, also equipped with a circulating fan to help

keep the temperature constant and supply noise to equate with that of

the "light!' room. The meal( temperature for the 8 week period was 26.60

.t l 65 5.D;0 c. (The temperatures were originally taken, 3—4 times per 4

Al

124 hours, but this was found unnecessary, as there was little fluctua-

v
. |. -

st .
e

After a period of 8 weeks under these conditions, all ?rats were sac-.
rificed the eyes enucleated and the retinas fixed according to a modi-' '

o fication of West & Dowling(1972) After enucleation, t.jhe eyes were hemi-

. "seeted and the posterior cup immediately immersed in ice—cold 24 Veronal

G -

) acetate buffered osmium, made from equal volumes of 47 osmiuth tetroxide

r

and Veronal acetate \buffer. The.time from severi’ng‘of the optic nerve

(and retinal blood supply) to immers:l.on of the retinal cup 1in osmium Was
ot

no great,er than 70 seconds. After 90 minutes, t:he osmium was decanted

-and replaced with a cacodylate wash left on/ice for 5 mingtes, and then

post fixed for 60 minutes in ice-—cold 2 SZ glutaraldehyde. The tiseue

.'-was then dehydra;‘:ed in a graded series of ethanol baths (50% for 5 min. s

701. for lQ min., 85% for 10 min., 95% for lO min., 3 changes of 1002 in

= 20 m:l.n, with the 1ast change to Absolute) and finally propylene oxide (3
’ changes over 20 min ) The retinas were 1et stand for 60 minutes (swirling

, occasionally) in 50 50 prqp?lene oxide—Epon, t_&n ovemight “in 20"80
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To ensure that sampling was from similar arleas of retina in all ani- N .
: ]
. \ LI
: mals, the prominent blood vessels on the scleral surface and the optic o
.j. . . . o : .
. / o
s . nerve were used as landmarks. Flgure 5 shows the area from whith all g
X N K
samples were taken from all retinas. The orientation of the prominent T

- . ‘
blood vessels with respect to the optic nerve and the dorso-ventral axis

. ' : u;z;l‘s constant, ‘and the temporal notch was cut during hemisection of the
. .":‘ . eye. - The sampling are!: (stipled area) was appro‘ximatgly‘l mm temporal
to the optic nerve, on a line drawn between the optic merve and the
temporal 'notch. | }
For examination of retinal layet'chidknesses, light ‘micrc;graphs of
P ’ . t.h'ick (1 p) sectiona'w‘ere taken on-a Zeiss Universal micrbscope and printed -

LR T ’at a magnification of 900Xa Photomontages of the entire depth of IPL were
: l

. ' " made of the 20 retiﬁas from electron micrographs taken by a."JEOL lOOB
electron microscdpe at a magnification of 20 OOOX. The magnification of-
-the negatives was approxlmately 7 000, and prints were made at about 2.6X -
the negatives. A calibration s1ide was u5ed with the light micrographs

' to check the magnification of the prints. ‘To ensure true-magnificat:ion

of electron micrographs, a calibration grid was shat along with each

i
. b . .

i - montage of IPL,
% ‘ v : . ‘ -

g ‘ Each IPL montage )was divided into 3 equal layers: inner, middle,
lf and oute.r third, and the 5requency of each type of synapse vas, tabulated
;‘ o

i

for each laye;. The c-riteria for 1dentificatd_.9n of the ‘types‘ of temin-

e
X

“als {a'nd synapses in rat retina have -been described élse‘_where (Dubin, 1970;

B ]

Fifkova, 1972b; Sosula & Glow, 1970, 1971)." Two criterda for bipolar
éyn’apses were used: ]{.) ‘the dyad, as- described by Dowling & Boycott(1966) h

(see figure 14 & 15) and 2) t,he'fre'e-fl'oating ;:ib'bdn (see fig’ure 14 & 15),,

" . -7+ which is not in the usual dyad configuration but can definitely be identified
‘ : . : . cJ I
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' . Figure 5 i-'Scﬁgma;i_i: dlagran of thé scleral surface of a rat :réri,in'a
" showing the’ ];anqlxia:i-}:;é used to locate ‘1deﬁ_tical ax_-e'a}i" ('a‘t:ipled):o‘n'alj
... o retinas examined. The areéa of qbservafv’iéﬂ"is‘ located 1 mm femporal ta = . -
tﬂe“optic' \né.rve‘, on a line drawn from the ceni‘ier:of the optic nerve to/ ‘
‘ the temporal notch (cut during hemisection of .the"eye). "See text for
ngorg-. detail.
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as a ribbon. Dubin (1970) has found, that upon further sectioning, the

<

free-floating ribbons are associated with a dyad synafxse- Thus; free-
floating ribbhons were considered to be reliable indicators of bipolar
synapses which were sl'ightly out of. ther pldne of section. For examples
{}gf écorin? of syr‘.lapse.s,aéuﬁgures 12, 13, 14, and 15. Scoring of the
photomontages was done one littermate set at a time,a without knowledge

of the history of the retina, gnd was continually checked by an inde-

pendent observer. -

.

!
Synaptic incidences were calculated by dividing the number of synapses

"

by the area, (in ;{2) . These incidences along with the A:B ratios were stat-

B ' 9 hd
istically coppared between the folloving groups: . _Tgfieueffect of light depri~

vation was dbserveq, by comparing the §N and. SB groups. ' Neither group re-

-

" K . Q. ‘Yv \ , . - '. - . .
ceived patterned input due to the lid-suturfng, thus the only difference

. between Ehé.twq g'}:‘c;v.i'ps/ wés ’-t;h‘je._p‘rles'.gz;g‘é 'or',ébsépce of dii.-f‘f.us:e 'li‘ghtr.l Form
dt;privation waa. observed by émﬁpari—né fhe Sﬁ and UD gréu-ps_. ’Both gr"oﬁ'ps .

.;e"c_,eived t;.quated int:er;s&itvies' of "l/ighAt, t‘hus'fhé only:differvencé between 4 \\
these two groups was the i:resenct:,c o; e.lb5en;':e df form vision., Finally,

Wi N ’ ”

comparison of the UD and UB'Agr(ups 'siwwa he effect of 1ight dam'age on -

the IPL.
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Measurements of the thicknesses df retinal layers under the four

2

rearing conditions are sumarized in table 3.

(Measuretentg of

:Lndividual retinas within any group can be seen in Appendix B.) An

analysis of varience, and, where necesbary, a Newman—Keuls (see

Appendix ¢), were done for each layer across rearing conditions.

mean lengths of the outer segments of both the unsutured bright light

\

\

The

'and the lid-sut'ured. bright light, groups wa\s the seme, and they were

significently emaller (p < 05) than both the unsutured dim light,

nd the J.id-sutured darkoteared groupa.
bright light groups (figures 6 and 7. raspectively) when compared to

(figures 8 end 9 respectively) .

l

1

A
N

K

2

The effect of the bright o

2.

B

. light ielevident in the unautured bright 1ight, and lid—autured

© «the: unsutured, ,dim light and the lid—sutured dark reared groupe ’

There was no‘apparent differem:e

‘in the damage to the outer eeg-ments and outer nuclear layer between

'the unsutured and lid~sutured rats raised in the bright light.

e

,

i

<

ou'ter - segments :Ln both were almost, ccnnpletely degenerated .and only’

e

about one r.enl:h .{or one row) of“the receptor nuclel remained (see

v

figure 10), as compared with the unsututgd d:Lm light and the lid-

"sutured ‘dark re“ared groups. Figure lf shows the area . where inner .

segments change to outer segments in an. undamaged retina, in contraat ’

‘. membranous material between.

The outer segments of the lid-sutured, :

. to figure 10 'which ehows the remaining i’ ner-most row of reeeptor

: nuclei and pigment éi:ithelé,um, w:lth evidence of degenerating

dark reared grOup were eignificantly larger (p < .05) then thosedin any

The ,

~C
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Figure 8,. Light miérograpﬁ of a retina from an unsutured, dim light

reared rat, No apparent damage to any layers of the retina was

observed. 530X

5 PN . U S

Figtre 9, Ligh;‘micrggrdph;of,é retina from a 1id-sutuyrdd, dark

réared rat. Tﬁa‘inner'huclgar layer and inner plexiform Iayér were

found to be significantly larger than those 6f the other conditions.
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Figure.lo. Micrograph of a.light d,amaged.re'tina (UB) show:lpg the

extensive receﬂtor damage The p:lgment epithelium (PE) has collapsed
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other group. Measurements of the outer nuclear iayer,showed the
unsutured, dim lighr,‘and lid—eutured, dark reared groups to be
' significanriy iarger (¢ <.05) than both the unsutured, bright light
and the lfd-sutured, bright light grbops. The inner nucleer 1
and the inner plexiform layer or—the 1id—sutureo, dark reared group
were eignificantly larger. (p< .05) than those of the other groups,

— . but there were no significant differences between the mean thicknesses
of the ganglioh cell layer of any of the groups, ' )
Electron microscopzv , .

+,

The two main ‘types of synapses found in the IPL of the rat retina,

. the amacrine, or conventional synapse, and the bipolar, or ribbon
MY ' L . f

synapse (Dubin, 197&? Sosula & Glow, 1970, 1971, Fifkova, 1972b‘ ,

;}f'@ T ‘ Leure—DuPree 1974) were also observed in the present investigation..
=R . -
vesicles on or adjacent ro the presyneprie membrane, e.memhrane
t N denhificafiop of;boeh:pre— dand poétbjnaptic membraﬁes,‘end less oo
frequently,, a post-synaptic densification:of the.cytoplasm end slight
ii, widening,of rhe synaptic cleftl’ Examples of amacrine eynaoses can be
seen in figures 12, 13, 14, ‘and 15, If a éluster:of vesicles was

-

present adjacent to ‘a memﬁfane soecielizatiOn it was judged to’be a

i

'

cléar synéesé{ However, strong membrane specielizations were also

prhsent with only a few veaicles, or dense clustera of vesiclea were

seen‘adjacent to membranes without strong membrhne specializations.
Both of these cases were also judged to ‘be aynapaes.' Thus, some-
‘synapses which were counted had very strong membrane specializations,
but perhaps only 4= 6 vesicles 1n the. aynaptic cluster, while other\

ﬂ synapses had a minimum of-membrane apecialization, but had a vgry

Amacrine synapses were typically identified by a cluatering of 'nh'v

o R st st S et v omn
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' Cases in which both criterta R

P
.7

"‘prbmi(nEnt:‘j cluster of t;yna{:t ic '\'rets"iéle's'..~
e were weak were:"ot judged to he synapses. The identified synapses in ..

-:_- -

PN figures 12, 13, 14, and. 15 should give one a feel for the scoring.

. X,

. . Bipolar,‘or ribbon synapses were characterized by a preeynaptic
/- o " . Pe

ribbod surrounded by vesicles, which was" usually near\ to and‘“oriented

LA
s e il

‘..
°

. . .
. ¢

toward the junction of the bipolar process and two postsynaptic processes. R |
i & - "

PR . o [

T ' - -

- .J: . k(aee figures 14 and 15) "Free—float:l.ng ribbons were also considered 4
: as bipblar synapaes, even though they were not in the usual dyad . - ) Con ) ] . a
| A configuration (see figutes lli'aand 15) 'I'he free—floati‘ng ribbons create . 4 .

. '*an increased bipolar incidence and account for about 25% of the bipolar
. ‘ A T © .
,‘.total regardless of the experimental condition.

»\-'

Reciproca.l synapses .

PRy S

‘.-'|:. s

- _' (the bipolar of the dyad, wer:e occasionally observed (see figure 13), but

conditions (UB'.' sn, UD snd SN) are shown in table 4.. The mean
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-there was a significant difference (p < .05) between the inmer, ‘ ‘

v 4
" - M
'

N ) niddle, and outer layers of the IPL, This is not unusual and in fact i

should be expected, as the types of synapses are not uniform throughout /

the layers of the IPL. Né signifiéant differences in the incidences

of any bipolar synapses were observed between inner, middle, and outer
5 .
la'yers of the IPL. With the exception of amacrine-gang}ion q.y-napses,' ;
t_here were no significant diff;:rences found betwe~en UB, SB, UD, and &
SN groups for any t'ype‘of synapse ¥ the IPL. The incide_nces'oﬂ the: :
. — amacrine-gapglion synapses were found to be sign:lficantly greater Z! -

: (p d 05) :l.n the UB a‘nd SN° groups, _z :I.n the.outer third of thg I.PL » : N , .
s . ‘_ . (see table 4). j.~: 2 "':,' _.,-.‘-‘ . ,‘: " ey __,__."'.:“ / " ‘ = A .‘ S v ? .!
, reariﬂ% c.onditions -are shown in table.6:“ The ‘same incidénc;daua is i R .- .(‘
- . ' ‘ ‘ shdwn in figure 16 to better visualize the lack of di;‘:ferencea b;atweexl - ! ‘- "::
g K maqrine 'anq_ b.ipolar': ':aniciénce; l,:;tween cond:!.;:ior}é,. . x| R ) )
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2%

““amacrines, B/G = bipolar-ganglion, amacrine, B/U = bipolar-Z
undefined (free-floating ribbons included in this category) The‘_'

’ meéns shown here are weighted according to the area i,;om which

‘ i
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Table 4,. Comparison of the eynaptic 1ncidences in the IPLs- of ' L k .
-’ .o . BT I
unautured bright lfight reared (UB),, lid-sututed bright light
reated (SB), unsutured dim 1ig‘m: reared (UD), and lid-sut:ured,"‘
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in_dividual incidenc_eg were calculated.. . - | sl
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Table 6. 1Incidences of total amacrine and bipolar synapses

entire IPL, and the A:B ratios, for the four conditions:
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for the

unsutured,

bright 1ight reared (UB), lid-sutured, bright light reared (5B),

unsutured, dim light reared (UD), lid-sutured, dark reared (SN).
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Discussion'

Light microscopy. ,

Continuous bright 1light (1960 lux for 8 weeks) caused extensive

-

damage to the outer retinal layvers of both unsutured and lid-sutured

, . rats, as seen in figures 6 gnd 7, and in the measurements of OS and ONL

i3 (table 3), The degeneration observed in the present study is in

agreement with the ear:tier studies on the deleterious effects of °

' , _ cont:lnuqus light even at nbrmal and sub-normal inte’nsities': (Bemnett,

Teeeial

” et al., 1973a, 1973b .Gorn & Kuwabara 119673 Anderson & 0! Steen, 1972

Gogeiog

O‘Steen & Anderson, 1971, 1972) and altemating periods of bright

ag

1ight and darkness (Shear, et al., 1973‘ Fifkova, 1973) The damage

:,-:.'.» ', :o the “08 and ONL of the UB group :ls understandable, but the similarly . . C 1 .
, o extensive damage to the ’SB groqp )is confusing.. 'l’he 1ntenaity of light - " j
L for the SB group was equal to t':hat of the UuD group (9 8 lux), and the _; . ‘_:l; B

- retinas of the D group were in all ‘respects qormal. Both groups were . K ,:"'-,'j O

kept in continuous light, ‘but. those i the UD group could still cloee ' o

. their eyes, }{1& in effect could cycle the Ldight, whereaa those in the
"
- §B group could not cycle the light. It tust be assumed that: even

+ -

very low mtensity light (9 8 lux) will cause severe reti.nal damage

if continuous. The extent of damage_ prodused by 9. 8 lux is the same -

3

. as that produced by 1960 1ux. A comparison~ of figures 6 and 7 with
figures' ‘8 and 9 5h0ws that the only thing that remains of tzhe narmally
. thic.k receptore is one acanty row o£ receptor nuclei (see f:lgura 10). .

.\.,

" - . - o
The damaged retinas have collapaed, and degenerating membra.nes and R

K . " phagocytic tissue separate the pignent epithelium from the-remaining

receptor nuclei of the ONI. o
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b “~The greater length of outer segments faund in the SN group is

ptobably explained by a reduced phagocytosia of r.hevreceptor disks in

D R

uhe da.rk. The ONL of both the UDl and SN groups were similar,

M m

indicat:ing that the ONL of the SK. group v;as ‘nqrg_e'l. The finding of -
lafgér INL and IPL in the SN retinas is supported by Cragg (1969), but. !
) is opposed to Weiskrantz a(~1958) .end Ragch et al, (1961'), who have‘

observed a decthage in t:hickness of IPL after 1ight deprivation, and

P ' contrary -to Soeula & Glow (1971) and ifkova (1972b)°vho find f10 change i

:ln thiekneas of IPL due to. light deprivation. ,

'; .. ¢ e . . R v . .
Electron microscopy._ e T '.- 'ﬁf-ﬂ o T e T

¢ . ~ '-f AN N e oL BT )

e LT The atate of ehe literature on the IPL of rat retina :Ls very . B et T
A A R ..E, Y g . o e

;'inconsistent. Inveatigators cannor:\ ag:ee on the ine:ldenees of emacrine' A
3 \} e et Ty
syﬂapsea and bipolar synapaes in t:he )PLB e en of normal or eontrol

P animale (eee table 1) As suggested earlier methodological and -_ o

: criterion diffe-rences may make_ a. aignificant ontribution to ‘the e T - -

discrepancies. ‘Dubin (1970) fixed by immers:l.on in- oamium as did Sosula )

)

- & Glow (1970 1971), yet the two etudies had quite different inciclences,"'*'

]

. of Bipolar eynapses. Fifkova (1972b) perfused with glutaraldehyde,t

and poat-fixed in oemium. Hel: reaults ere very different from both

- . Dubin (1970) and Sosula -& Glow ( 1970 1971). Sosula & Glow (1970

1971) Med. a double etaiﬁing met‘nod (uranyl acetate followed by lead

. citrate), while Fifkove (l972b) used lead citrate alone. Dubin (1970)

'."'did not specify whether lead citrete wes used alone, r utenyl
, ,. acetate uaed prior to ‘:I.t on t‘he rat retinae he examined In Dubin s L :
L ‘ (1970) study, mietognaphs were taken at 4 090-6 000 X and ¥inaily .":,_i_ -

s
¢

printed at 15,000-20 ooo x, and in Fifkove 5. (1972b) atudy,\, m;i.crographn

were ta.k.en at 3 800 x and ptinted at e final magnificetion ?f 26 000 X, :
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:: 4 printed -at a: fiual magnification of 15 000 x.. It ds a strong possibility.

Lt
.

:l.n the casea of Dubin (1970) a.nd Fifkova (1972b), that much of’ the b

.

'_“,"._-" 2 detail needed to identify some synapses is lost during the enlargement
. . ; . ,‘- 0 o N , R
process." ]’.t muat alao be remember,ed thnt Sosula & Glow (1970 1971) .used

adult hooded rate, and FiﬂwVa (1972b) used joung (10 weeks old at

time of compariaon) al‘bino ret pups. Dubin (1970) did not specify the -

:-' A o * " . ‘ = g N
age of xthe albino rats he used. “ ot I ~ s AN

A quite recent study (uot mentioned in table 1) bg' Leure—Du.Pree

(1974) ueed adult albino - ts "' 6 The ret:lnae were :Eixed by perfueion
i z wi\;h glutaraldehyde, th post-tixed in osmium, and doul.:le‘atained =with
: ut’anyl acetaté follnvfed by lead hydroxide. The print magnification

L8 Yoo T

but 'there is.a‘ ig differenc.e in,methodology between Le?re-DuPree (1974) . ,, X & ".‘."

'and t.he othe {‘tddi.es.( ‘.'; . :‘;- B , .",‘-'. -:-;: a' ‘ . "fg'.: 3
L ‘rhelarge disctepaoe‘{ea' bétﬁeen the otudiee are difricult (almoet 4 _',_ E .
imposs-ible) to attribute to-an 'onle-o.f the methodoloéical or critet:l.oo "* ) § .

'
- ;.l:..

;dd,fferences, and are almost; certainiy, duet 4:o a combination of 311 the/ "

cer) T -

' -feccora fo‘i: any one study "', "."‘ By Lt r.,; i " Mo " ‘-‘:"
.Witi; such 1arge discrepanciea (eepecially those between Sosule &_

is'used to :aneet:lgete—the effecta of l'ight deprivation'or light damage

} f
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~

. The:inconsistency of the previous investigafions of'IPh of

‘normal (and of light damaged end light deprived) rat retina suggests

the need for one Btudy to investigate the effects of '1ight damage

and light deprivation. A study in which a11 retihasnare fixed

o et s
TER TP LY

,7 with the aame procedure, the eame fixative, at the 8ame time, where
the microtOﬁg, microscopy, and scoring are done blind, where montages

dre ueed with the magnification determined separately for each and

where one criterion is used for all. experimental conditions._ This

v '.study did just that..v, ST “. ' ﬁ"." - ;h' -

S

The significant difference found between inner, middle, and

~Wouter layers of IPL for all but amacrine-bipolar synapses ia not a '

, i
;"'surprising, or even unuaual reeult because frequencies of the

"fii,different typee of_gynagaeaﬁﬁre known to vary in the different lezersle

'i_aof the IPL (Soeula & Glow, 1971) s

l:(with the exception of amacrine—geﬂhlion éynapees) th‘re are no

df;eignificant differencee in th incidences of I type of synepse in i,i»;

v

'ici.the IPL due to 1ight deprivetionidr light damage. The incidences in

re very consistent between

'table l, shown graphicall{ in figure 16,

Table 7 shows the‘changes in total amacrine end total bipolar

";__incidencea expreased as per cent of the control retinas (the DD group

:fin the present‘study) Soeule'&:GIow (1971) did not study light

/ d

:demaged retinqs, while FifkoVa (1973) found that the total emacriner, ?_ﬂ“

ffincidenc.,increasedvby 25 Az with 1ight damage,,but did not report flzzfl:f5“3}

;‘x'_'
. 1..

eny significance tests on it.@

A non-aignificant 6 1z increase waqﬁ?f
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T P
WPttt

chses, s e much smaller. The most inconsisteng findings are the

A L

:Ln amacrine-gsnglion synspses. Sosula & Glow (1971) find a .

345, £old increase, whereas Fifkova (l972b) finds a 0 9 fold decrease. :

s

' Such a strong increase ‘A8 that found by Sosula & Gldw (1971) is

debatable, snd very much in contrast to that found hy Fifkovs (1972b) e f '_ .

3

‘Not only id Sosula & Glow (1971) have a: smal’l sample size for compariscn,
i but also used the type o;f tixation which would make differentiation of

' ganglion cell dendrites Jfrom smacrine processes less clear../ liost ‘
‘ certainly, Fifkovn (197 b) would be better ahle to iclentify the

ganglion cell dendrites by their matrices, and thus have a more

0 atcurate count. Her results are opposite to those cf Sosula & Glow

(1971)., I suspect that the large results obtained by S a & Glow AR

. ron microscop

‘have been mentioned :Ln the Introduction, but the main point is thst

- Some of the problems of comparisons using el

v e

. consistency of mel:hodology should be sought by the investigator.

_A: .

Consistent results are Very difficult to obtain in electron microscopy, "

snd thus significan} differences mny be due to srti.fact rsfher thanw :
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Table 7. Comparisons. of tﬂe'.chan;ee in gynaptic in'cidt;.nces. TR , '
e (expressed 48 % of controls) of total iR, atid total‘bipc;lar : : '
- synapses due to light damage and 1:L;h(: deprivatiop, Fifkova's - : .
light cfamagec_i data is £1_:ém Fifkova (19.735, her light déprived data - R
. ~  1is from Fifkova (1972b) . %= no statistics reported. . . . . -
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PR by 11.47% (again mno statistics reported) in Fifkova's (1973) study, e
- - ) . ¥
- while a non~significant 2,2% ‘decrease was observed in the present ;
o ’ N N A
. ) . 1
. study. The direction of change due to light damage in the present
. ‘study was. similar to that of Fifkov.a'e (1973), but not nearly as "’ e
' - : : 4

strong. .&

4

Soeula & Glow (1971) obeerved a 137.0% increase (p g 001) 1n

total amacrine incidence after 'light deprivation, Fifkova (1972b) L

obaerved a 33.SZ increase (no statistics were reported, but she is

in agreement with Sosula & Glow (1971) "of a significant -increase in

’ . . . . -

amacrine.k‘:ontacts in the IPL of depi'ived rat's eye'B.l" (Fifkova,

1972b)). A non-significant 6. 3% increase was obserVed in the present -

inveetigation. . Sosula & Glow (1971) found a/ non—aignificant 49 ZZ . N

increase in total bipolar incidence, Fifkova (,1-972b) *found an’ 18 774 '-1"";:' g .

decrease (p < 02), while the present study fouud a non—significant

14 62 decrease.. The preeent study agrees with the other two etudies .

R

v s .,’-.

'ae to the direction of change o£ totalﬂ amacrine incidence, but not h.

to- the magnitude and certainly not t:o the aignificance.. Findings on

the total bipolar incidence are. in agreemmt with Fifkova (1972b) on

the direction of change, but nct on significance, and are not in '

agreement with direction or eignificancel with Sosula & Glow (1971).

The only eignificent‘finding in the pteeent investigation wae
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(1972b) fbund a non-significant 1.’575 -decrease, while in the present
study a 15.6% increase (p < .05) was found after light cieprivatibri. : o
The size of the increase i"‘ound. by Sosula & Glow (1971) is questioned,

e).'en though the present findings are in a similar direction, and

significant. The type of fixation used by Fifkova (1972b) was
pr.ollm'bly b’etter' syited for idé_ntifying} gangiion processes tha:'i the
.preaent study, and certainly hetter than that of Sosula, & Glow (1971).
Fifkova (1973) found a significant (no statisties reported) 154 5%

' 1ncreaae in amacrine—ganglion synapses after light damage, while the

,‘preaent study found a significant 10 77; increaae (p < 05) in the dut r '

»
v

third of the IPL only. - "..

v

Previoua investigators (Sosula & Glow,
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:Ln cold <. l/ weeks)

0,578 5. Na Veronal i

0 382 g N.a aqetate‘ .(3 n20)

25. .auctose

-.2.0 ml"ilz CaCl (é ydr se) .
T Ve 4% Ogd -(tore in cold unt:L‘l. changes~ color—darker l_:rown) }. .
R ‘ ‘ S 25!ml. waterh' ‘ R |
' D ‘1 gos0, .o

e B B T e . Epon '941m13,
Lo oo DDSAC 4094 ml

e DT e 565 L

;.‘- nupr-ao 0.3 ?‘,
= (from Polypcie cea)

e -




- .. .2, DRI A SN
e et eeTrae e AT T e - .
I R :
L H ' =
.
! . : : P R
- - - O - l
" s
4 | N ) . eyt ! . . g
N T o - - . > - |
3 (A . . - < t - o
[ R e i L L S R A i N = - - RN
R g 2T :
s -
© = ‘
» -
! &
v ' X
2 . =
-~ e
1 ,
i T LA
A 70 ;

. ors
. B

APPENDIX A - TABLE 2 . g
El

- \ Fixation Procedure _ ~ ) i

™ l 3 :

% K ~ ~ o

iV, ) 1. Drop fresh tissue into cold 2% Verohal acetate buffered 0s0, . ¥
: Leave;rffor 90 minutes. . . .

e . k

2, Wash for 5 minutes on ice., -
] ‘

3. GCold 2.5% glutaraldhyde for 60 minutes.

4. Rinse in dist4lled water for 1 minute. o 1 .

5. Dehydrate in/ ETOH

502—5 minutes

S ';7Qz-1o,ﬁ1nutes L e T

: 1852;1o‘a1au%es:““:;¢ el e

SR . .95%-10 m:lnutes

1002-3 changea over 20-60 minutea with 1ast c‘nange tu :
Absolute. > A o ‘

50 50 propylene oxide-Epon m.‘ 60 m:lnutea. .

".‘-8.,‘ 20 80 propylene oxide-Epdn vernight. LT .

g 9/. 100% Epon 1n rubber mould for 2 days in 50 c. oven., Ly




LR -

REARY

»

" SFENIY

-
&,

- . . 2
. N » . 4
. b . .

.
-
- i
]
4
5 i LSBT
N *

-
pd
»
'
.

- - ' . SR
B . b
N - . P
. . - . ' - . i
- f R e " s
- - . IR
« " . . . YT
- . . . - N ! .
. . ‘.
) N - ~ . . S
T k] . - . r
' . . . . ' .
. . ¢ . -
; x
. > v‘

- - o  APPEIDIX B .

.. "7, THICKNESS (p) OF RETINAL. LAYER
o7 T TAREN: FROM LIGHT' MICROGRAPHS -

LARL LU ATV,
Kathige) RIS
. SRS N A (1




" “
= »-{'.,'»‘. 2

- - N
A S 'S {

o . o
" e 1 H % =1
et -4 RS A vy i o BRI

Ty :

ZERG

. s
b v s v
:

crographs of ‘fetinal Tayers=-’

it

s

=, -4

LA Ehwe o1
SO v




5 . I" .
o Y
IR UL ST SRRGNG 1 e L BRI
S RS S W
oy

0 FOIERG 8 .
-p

) vy b pond
N L TR ¥ (o g R R A
N - N 2 ° 3 ey : i
3 e ope RS . £} o s 3
33.‘"‘ﬂgseztfi'a.“:i.am T i R SN s i i

3 ke 2,

Fpd ir ek = g,

Dy R & h
. .

o

i iy el i i oo

oo
S Dane

‘.r",. N

»

’.“"

3

w
" v,

kr, l‘,ﬁx’il X
g4

i .
g Ao ¢,
o
h‘_'t

T '-%'35."

MRS
e ¥

g




S i D YA i M Y] i s 8 e A 2 v

ARPENDIX CZTABLE 10 U
B Ot,x'cgn';v;/ég;ﬂéii:ai}(b's'),- CEL Tl T

54355 .0+ 191821833 | 502.17

s

$S;ﬁ,055. |

ompardsons;

Gstrks

¥

o
=

Ry, T






PN NS 5 g o
T P NmeT N, o o .
9 R L TP
’ “g‘%"“”siﬁww.cv:-'ormwpk\_;'gw.: B 2 b e

’ * > . K 4 3 r R . -

. * . .

.. Inner Nuc¢lear Layer (INL) * -~ 5
X e VA Ll N o . . ol

A

01"

i

y
o -
Sz (Sw F
i R

e
ST
v e

A
Py e

=

.
e

o
e



PRI — — - —rr — W YT T e =7 = = —— T Ty O T = e TR Chetioae s T s -
KR . . . . 2 | B . -
N .’.-0 — N v o by L v - - ! o
b il P, i 'R By i Y RO ]
3 R . et 0 oo . . oL
= 3 ' ' . T ee————— N
N . . v N v, .
e o : . v, et
.'_',ﬂy-.t\, 4 D 1 P ~ B L - [P s, 3 Tt
A , . i [ > 3 . 2
EREAY rA vty vy Ay by oy P T R i T T K oAb TGS e, T
i ol e L ep iy et e R s i L e Vo PR R I S
N " .o N i - - i .. iy N
2 . N L. o . Z . . * o . c . - .

3 . %

[ e

2 W
a

. A P D 3, R . I et .
. il — T L SRR -
i .. .APPENpIx_IC'.H' TABLE 4-‘- 5 " . .a..__ N IA . . :..
'.‘-._‘ - e .,",".‘ ".’,..! N k=i W : i .:‘ . :.' N ‘."" N N
P DiC 4 . l_." ,-. . o '.'.'
.Inner Plexiform Layer (IPL) : .
i B T T g G U e e

i108.7d

. e e :
d:;i-l:r. A

)

P

LY

4
Pomrrg
-

19:235"

e

et

o

e L% k
BRTPEL ST LR TR
AT K I TL T LA
TR ey G
SR

R TR
R o
Al
ST R LR RE
i, L £

e

e

h3

5.




7 T T T T
oy g T T = T T = g
D oge T v A L5 TR B e e L L ST LB N
A g D - .
5 o P
- ' - o . . ‘
i e ! oy ‘ LA ' o ! ., - G . . . [
Y f £ 50" # A} e x, n
F A o I i i ' :
- T " AT S . 63 EAE LA . B 0 . b -
! o L -y .. ” Y e te . L .y .
iy . 5 - - b
Atk - o LR

[T -.‘\. iy - “ LR 1

&3 et hmiaag, s . - .y

T IR SR e St g s
' * . -

N .

L o ¢ . . . :

— F
2 v — . b s VSR e s e Lt
PPt g R e e ey PR+ eI N S L h e Qe g7 | SRR L T
& ~ 5 B ~

CARE

I3
.. N .

.. vt & "’.~ . . '—_ .. “ . PV : RO
LIy b o AP . . . ) * S
© APPENDIX'C --TABLRS - 2 g i
:..'..'” .,,. ‘ -’.' e . ] , ." . ,~" “i; ’f;"/.
- Ganglion ,o.;l'\xigyég. (Gcry. ;o - L

BN g

b
e

REE PN
< PR
)

v V.
P Py ¥,

EJRTIC
-4 nitie p

AN



TEETET e KicT - N LN BV W X5 £ RN IO SR O T bl NG BT A A A G
. . v s . . s .
. . LN PR ‘ e B .
. . S . “ R

it Syt R« v
R LA R e L v
oI

A A
TR
ol
et
N
P

e

DIX D,
YRAPTIC. COUNTS '
B LUl LS U FOR | EACH MONTAGE, OF: IBL':
R Lo

wesidng

A o R OAATS!
Al s 8 pugatmey AN

Sontm
e, Axty

’
LA+ AL TR SRR




T Coay N R TR e
EAR R e T R S T YN .- .. .
v, i . -
. [ Yo :
. . et
v . ‘-

E) : o
TR ey Bt
N TS 1

Vo s Rid -n
N | S0 e e aw
* 6.
L . - .. .+ . APPENDIXD - TABLE 1 _ |
‘ T ‘Ta'bulatéd\.:Synapt;ié" Count .fbr'MovntZagﬁe UB3R €3 T , )
. ‘ ‘ ‘ Number of Synapses - o _
.S_);ﬁaps_e g -«;.-M_:I.dc_.llé, 1/3°° :° Outer f/3 54 AR

o

‘ y L Bifolar

7hi6

:l':‘:.i.: 5: ;z‘l',

s

. I

O A

e

T . S
a2 i A
ARaTes

o2
Wi




BT

AP i SREPP S

“g

AR OO S LA
kSRR R S g

e S
. RS . ) ) N
R T PSR
Y v L] ' ‘-' 0 .
g ¥ oo oa " APPENDIX D —-. TABLE
. . I . © . .

RARITACMOSE

' L
v s
2‘

.

‘Tabulated Synaptih.boudt for Mont

age UBSR (B1) RS
S ‘w ‘ '+ Number of .Synapses .

.

»

Inner 1/3 - mgdle',ils i

N "

- Bipolar ',

4

TNT'Y

ORI T}

P e

[N

vt

g o (-)ute'f. 1/3-




, . R " S e . . s e . v A e
L . Lo . . DR . L . oy PSRN P A
R SN TN L S e e T e e g 0 sy R L D AC T RO

» f - -

o . . - ‘ ) . ::fggg;gs

o o APPENDIX D ~ TABLE 3 - -
y (LABLE , . ,

Tabuiétgd' S’ynaptic‘:‘CcJuntifor Montage "UB3R (_A.S) L .

. . P .

C Lt " "« .° . -. Number ‘of.Synapses .. . '

oo o - . : ' .

214007

iRepyafs . By ‘ﬁv““ﬁ L
Pl (o
TR e




ST =
T TETT,
T P - ! . B L i / R oot
¢ - T . - A R
' v ot " FERET
. ! " “ ' . . K ooy . B
.o N S . K
- o .
aat har N2t
ety s

. Coa - . .
P e eyt T e g s b sl e o i DA “
Jlu{ TN Eonty P Gt r._y..wfﬁ‘ﬁ'-. H “"‘ e

- _APPENDIX D ~ TABLE 4 - .

o ) / ' i "
Tabulated .yn'z'aptic Count for MontageUB1L (E3) ) . . )
' ‘q!ln . N ' * ta ) .
A

. : y \

. k Number of Symapses L . )
‘ ’ - : - . LV . S -

. ' ‘ - T A
' ' Synapse - Innet 1/3 Middle 1/3 ~ Outer 1/3°

4

_ Totalr.

G Usertal
el .pr,acr.ine

-

gg"ﬁ?i:}'.‘#?ﬁ

Z




_‘.«,«» s'_‘, .d)r*;»f ws‘-ﬂ S .NU!

. . . a L ‘o M

APPENDIX D - TABLE 5 . ot

, o ‘ v b : '

sawies cera’

w # ifn Y T &
r %’is i ui:,\ l"‘ \‘d ‘?i?
%3‘%%‘; ¢ i ;




TN gL h Y,
K2 IAY

T ST
e B
AV et

) . : . ot v o ",,:'
‘~r'$-‘,‘n~‘;-:é -:s., X ‘. ‘; . " 3 "'i“ L ; i
SR R A s A T Y B e v
<- . - . . 4 Lo '
. Co . - .
R .~ CAPPENDIX D-TABLEG6 . - L =
e 7 T . L T T
. b oL LT ’ : - - .A / ' ~,"
- . ' l . Tabulated Synaptic Count. for Montage SBl‘R (E1)
A ! B L B .o - L “
. ‘ . ) N v t ’ ' L o ’ L "'-‘ o, . MR
.o N , - - A L E W'k , ‘.- . ‘ . (I i‘{'v:'
¥ R L - Number of Synapseg : - T
= - "' ’ o 3 L i - . A T - : . .
- ; ) . A _. ~ ’ - ) B _" L |‘ o ;a " ‘,: /: A ) '. .. . ‘.‘ oo
R Toner 1/3 - . Middle 1/3 + [ Outer’l/3: . ~AIPL: ‘... .0 -
C L R R N , : :

Ay
[

¥

0 o
ST JRTP
b annt

It




PO )

CAPPENDIX:D 7. TABLE 7 -

[} y

- Tabulated, Synsptic Coiint for™

'\Nhn.:b‘e.x;-"pf :'é;"ma,l_:s'e,s' .-

.

PR .« .
. % - b O

R . e, . v " s oxe . / ) N e
"Inner.1/3 -Middle 1/3 - ~ ﬂﬂ& 1/3 .. . 1IPL
ol ~ X o I B .:\_‘. T " LN

11363.2 ¢

b V-




.., 9 . .. ’_.\l ." .'. a ) N ' F"
.. ' | - APPENDIX D - TABLE 8 . :
R e " S )
: e il Tabulated Synaptic Count for Montage SB2R {o1)
. 3 i . I 4 3 o - & . 4 P - .

. A . . - »
i o ' " v . A -~ .. o, —_— .,
. B

. . . & 2 & M . .
D ol . Nugber of Synapses. . - '
Y .. .‘Syngpse . . TInner M. Middle™/3’ Outer 1/3 ..
N ' - a . . o " " / .

Amacrine

. 5 GH . et LYY
4, ‘ . - - “ . .
. % L3 L v . b -
* e Y B ] B TN Ny ..
e ¢ R A T e )
* . " " A N e ’ >
W OE . . Sow o, Area. () .
- y ¥ [ 3 v
ot v - sy b L - ¥ P . " - .
R R




i i“; . _ . ' ' " Amacrine’ a g L ’
: I © . Total - i 49 - . 126 . 10?':

© . Serial- ..,
~.. . Amacrine’ -’

"+ .7 APPENDIX D - TABLE 9« - .
- .~ < . - g . ) o . .
- Tabulated Synaptic Count for Montage SB5L (B3)
| N ' ¥
s -Number of Synapses - -

[ S . i i A L ‘ .
: 'Synapse  / Immer '1/3 . Middle 1/3 Outer 1/3 1PL

’ 278

N

nl;
K
3% &
)
>
TR
!

—

]

o “ 8
ah N
(RN .
e
. P
.
L
IR




. T ' . APPENDIXD - TABLE 10 - . ° L

wo. , . : ) ] . .. .
“ O . _Tabulated Synaptic’ Count for Montage SBBR\(AA)_- N - .
o = "B . .. »—~_ Numbef of Syndipses - . ’ B i ]
[ . = ) \ .' . L g . . -.. ' '\’ ) . ." -"-.
B . .. . B ) . . ) ' 0__-... A
' ? : ‘ "+ Synapses — ‘Immer 1/3, .  Middle 1/3 . .- Outer 1" IPL e

c . - getal BT SRR £ T T

PETE

¢ M
O

i '.:‘:'3 Are{l ‘('"'21 ';. ‘507.7 b ) 3 s ' . < 426‘0
TR /,' . % B . i

.
1+
R
[
PR
-
toe




.:,'.:‘: ‘...‘?:I;.n:.‘ :_,.- . :r»_:‘;' R
‘ » ) . ' .
R A { .. r i . R ; - ) . . : . . -
- o . APPENDIX D - TABLE 11 T
’ i - Tabulated Synaptic Count foi-__}(ontage UD1L '(i:t.');; ol
n ‘.' ', ».‘ ‘ ’ . .' I-t’ B . i N . . ‘; G L
coe . S . Number of Synapses R e
- N o) ; : o B ., L ,
¥ A . - - T il O , , =, '
! pe _Synapse Inher 1/3- Middle.1/3  : Outer 1/3 IPL
q I . --.. } "

Amacrine

T o O
TR e T
. 3

'-‘To‘téi-'; .

36.1. ¢ L8023 T

o

e

-

3.1




Sypapse l

Amacrine

" Total *

f N .
4 " N
" B N
. . q
1 .
N .
i .

- APPENDIX D - TABLE 13 °.

[

, -,'l.‘abx';l'a‘tbd Synaptic Count I3 q:‘Mohtage UD2R (dZ)
G BRI . L 3

Nuzbex of Synaﬁses '

* Inner, ‘1/~3 . JMiddle 1/3 ther‘ 1/3

IPL




o |..~.,,yu el

.-._ e

k4

\

. ‘ ' ‘ Tabilated Syn'apﬁié.'COpnt 'foll: ﬁoﬁtaée ﬁDZL ‘(D'lg)\

-:‘, o s v _' % : . . . . , 0 R
K . C \ - A o= . ) o
.. = i d Number of Synapses S
. . » . ., i e ) - ~ " - -

Serial
-Amacrine




- . * APPENDIX D - TABLE 14

f b .

2 . ! . : e % . ’ SE
- , N = - g s : E: SER
- * ¥ Tabulated Synaptie Count fpt Montage UD5R (B2) 5 F= | gt
- N v ] 5 o 5 } S .. kN o

'“'; - ‘ . , B - 2 U o : . ' g ‘ 'ﬁ.' .‘ . -g KR
.." . . . . . . N a * -8 !

4
¥
’

"Number of ‘Syhaps'eis

A R )

. , PR

. S_ynaiase,. . Innmer 1/3 ‘!ﬁddle 1/3 Outer 1/3

., et

o Serdial |
\ Amactine . 5.l

' ‘e

SPE Y




“a S
i L
y
..
e
-

B .| APPENDIX D' - TABLE 15
. ‘I‘ﬁbigla\:ed Synaptic-Count for Monta, 3R ’kAZ)
' : ‘..{ . Number of Symapses: "
=y - ! 1 ’ . .
o [T N . ) 3 . o . °
.y . _Synapse Inner;1/3 . Middle 1/3 Quter 1/3
!_:é’ : " : . 5 ' - o
T - Amacring . .
|

5

TR

o A

£ SR Tl TR R |

PEVPRNRY
-~

o
ket

o

o«




b LT C _"Sygapse, " Inder 1/3 . Middie‘ i/vj." .‘, Qi1t€r~1/_3 :

APPENDIX D~ TABLE 19 -
| L

. “y . )

]

- N N L R

L " . . - - . v .

: Tabulated' Synaptic Count for Montage -SN8L (C4)
¢ . . . ’ § . C - L . oL
- Lo oo EREEEI I £
= . I : . Number-of Synapses | ' N RO

ot a - . N ' . T v . LI ' "

. s
v

4 ’. N ur'a‘-l 0v o , - i ‘ B ' .
M L - L o e o RS CLoe .
oo .",l‘\maglrihe STy, B .

T Bertal o (G

o arealhy 6.8 L se60B 0. . k68
. .. ! 0 T o . ' to - C » - ' ot '.". a *




5

T osimnsn

=

0 Do TR
PR ol A . n
SatrE e sy s,

Le T

B
.
.
. -

3

Synapse

Amacrine .
 Amac

< Total' " -

' Serial -
- Amacrine.

»

Inner 1/3

. «

S

v
APPENDIX D - TABLE 18
3 !

s 1 o
Tabulatéd Synaptic ‘Count for Montagé SNER (B4)
[ e, e

Number 01’ Syn"apseé’ e

._‘Ax:e'a ()12) ; 505.9° -

B Rk S

.
)
[ . e,

. * \'

- /-

2 ¥ .

Middle 1/3° - oOuter 1/3

[
[
-
)
0.
o
v,
'Y
QN
W




f _ | APPENDIX D ~ TABLE 17 . ' -y .
' T ° : i . : LF
4] . . ~ - \ K

. di. : ! ' N ‘.&

b *Tabulated Symaptic Count for Montage SN6R (D1) ’ . i

R _ L / ' S

S N | |

= .o " Number of Synapses ‘

i sefapse - Inmner 1/3 Middle 1/3 ,  Oufer 1/3 1IPL g

E . K| Y : . . .

W Amacririe . ' , — . N ‘ ) B BT
S | . s S SR
,.':‘l":. '“ ) ~ . Total . i "42 . . 73 . o ,63 ) -I ‘178 . . t ;] AR

A e e g - . e S8 " B
. . ' B‘ . ':"' ‘ 12 ) . ‘ -:'\Z o . 13‘ - '- : o . . ' 8 ‘ ot A 33" : ,
‘ 6 J ¥ R {10, 29 4
z "q . ( “ooe r‘ k ‘ "." ”,, 1
v U (16 4 .35 98T g
: . \ | . ;
s . L - L. .* ,j..;_'
. ' Bigo&.ar . 3
. ‘ “Total 13 .0, 14 -y
©
! A <3y . 0 3
) D . 2 2 5.
U 8 g " 29

'"._Serilavl', 0 S 3 SO B Ty 7.‘j {_. ‘
Amacrine - L T e : R

T heea By TS0B4 USR0S0 1564




R L IRy L e

<O

. .

g APPENDIX D - TABLE 16 ‘
. ' YA : ‘ -

v . H . '
. .Tabulated Synaptic Count for Moﬁtage SN3R (E2)

* . - e /
) .

C : ' " Number of Synapses .

. . N .

Outer 1/3 . IPL . o

. .

-

Middle 1/3

' Synapses Inmer 1/3
' ‘ cA

Serial - . |2
Apacrige -

, 2 % ‘_'“'_.‘
. Area (n°)." - 4506




R 0 5o BT L A R L] IR

* - i .
W . . o
T . A Y
""' .' ""'v,,- o
.. /r' bR, «»lc‘-'b:-‘;v\"l."f. ',. - a,‘;
- N .
- ‘.
- - N - . +°

o ; . 0 99 -

o SR (1 O .

. ., N -
‘Tébpila.téﬁ-gyﬂa'ﬁi:ic‘ Count:. for Montage SNSL (A1)~




~ . 9 < 02 J 7

5 - 4, Tetl . a . « [l |
_s‘{.\'g_-‘?:., PR R O R M T TN .._'r‘..v‘,.- ?_f,..'f.r-ll: R -»_u.; wa
. .

.

i/ SUMMARY TABLES"OF ANOVA

Lo
' o . : .

ON  INCIDENCE COUNTS',OF 'SYNARSES .~ |

a v

T
AR R
Lim Sy

P
R




. . .,.-:;;,,A,A_g.;ﬁ...ﬁ .4",:.;7.::.‘.;.:..5,; o4, 7 ,_,..,,.:,.,“.._.:,.h'.,:‘-.-f-..;s N N P
: 1 - . ' - - \\‘
. , 101
, APPENDIX E — TABLE 1 o
o .Amacrine o g
. \ . i
. : : g 3
Source -df ss Ms . F . P 4
' ¢ % N ,1 .
(btwn) . (19) . 04107045 00218160 ) :

" 3 - ,.00265482  ,00088494  .3686 .

.

‘Se/v.gr. 16 ' .03841563  .00240098

| (within) - o, ~08107048 .o;oioé;eys S
T g '-'_..-‘;-66677".33\-5.‘._'. .':’056;58_6'93": 51,1935 '
BRA - ' .9:9';13_6'25’5 .7.66'0'2"17_6‘5'3.' :“9.56'57,_'.'
BxSs/wgr$ /01899408 '.,.'..;'605533'57";‘ " i
RO ORI e s

15
) A‘;-':’r'_" r
et d -'-s‘.*Y\?f

oYy



A ' . . R .
“a . . ! » . . * .. P . .
. . . . . Y et
. . . . - ., . = 0 .l-
' .
' [l D omagern o ' ' : . | L
Toet B Tagern by e wracaden 2miage L R N Rt ST EE RS RSP R T . LI w o, 2
. . ~
. ~, .
3 \‘
. : N S .
» ~, Qe
[ Sl . -
. x - i . RO 8

- g
et
(]
L

TR
el
«
.
.

_—
\
=
g
&l
>
(<]

.
w3
]
=
o
N

\11“:'-' -~
-
>
ae
.
-

. . f . e
—e . e
rd N ’ .
., -f‘ . » -
: B L . .

e

.
" TRy
/

) :: ., Source | daf ‘S8’ - MS , F P
g T em) -9 .954-5499;} L

- E -... & .y .'oooojt.ps' ;00002164 L0772 " ns
et sehegr. 6. 00448500 . .00028031 G .
J R . .._I{i.tllllzl.n 'EO) 0045'23619 _:.' .';!',,, | 3 .' "
NG = 00233571r 41 7.00116786 194093 <.01
s 4 < o o0enTs 00006020 - 1.00ko ' ma
§ R
gk o f R 5-1'9";‘." - .'°¢§i7594f‘--;' S T

-
i =
SRR el s —he e




Lo ' APPENDIX E - TABLE 3
.\_ &

. . A/B .

Source = df ¢« 88 MS ' F P

(btwn) ,  (19) , .00197492 ' -
o ’ - il ) f ' ) s - .
A R ,00044898  ,00014966  1.5692  ns

 Selw.gr.. | 16 - .001525%. 100009537, - L
oo (within) (400 ¢ 00275465

e e 2 - 00034690, ¢, 200007345 - 2.7756 - ' ms
SNl P m& 00 6r 100040809 C ..00006802 . 110885 i |

Do ExSefwagr. 032 %0 001999660 100006249 ¢

/ ]

. . . . ' s ) " L Y S * N
)'. ’ Ca - -
4 TN

5 *

\

) .
<, ,

¥ : . . .

A

-3

s .
L

'

<

.

N,

s

porEs

o
.
-

=
-

. f 1 ' 4 2, .
T 'th' - B

S v_'.r'u:’gig'}




. -
. - ., . .
. N 3 te e
c o . . . - " ,
R . . .
I T . r
LS sy s ) . ,
Ve s W CURL s e sl e s e
2 * -
2 h
L] 5
. .
v
-

. APPENDIX E
&

? i SOd%§q N -8 - us . F » P
E ) '/ | (19) . .00096867 e o | .
0 . s 3 .ooozonl 'l‘qooov_a?o RO ne
P L SsIVgt. ;;1'6 00073856 A,OI(;(J.OIJ-GIG" | - )
e [y ¢ fdpoas T T
T T e 2 ediend ) adtg
b ooy oot
. -.00202386. ..ofoosszs * o

.
Lt : ' Bipolar

— TABLE 7 :

£ :

r

LR

Pt et

& T T W

54
ey

yiu,

1

Eid
5
A
J

o st

b -
i o= 4
=S




’ o
o - .
+ B -
Y - I .
[ f
, . '
T te S mah e e a R R I [EETTS .

. APPENDIX E.~ TABLE 6

Serial Amdcrine

»

3
Mt

Source df SS . MS - F .

(btwn)  (19)  ..00046063

N 3000006954

.00002318, 9483 . wms .. -
- selwgr. 00039109 - ",00002444 o

: (wi?h‘ihj ,

B S . .00020997 . - ;00010499 - ° 11,4869 - <.05 . = o o7
LBxA v ‘ ..00008434 .- -.,00000572. - .,6258 ".fs .
~ BxSs/w.igr. . 32 .. '.".00029257, -1,00000914 e
. Total 59 . o . s ' B
. o y .
. N -
. o ) .

*
- .
'
_____ v B e N ‘ . )
o .
> - .
\ . .
L) N B 1
-, , Lt N - P
'
; - L .
' f . o . v
N
1 o N .
. . N
» P
, .
. .
- , . e,
Al - ", R . A -
: Ly ! o N
i f ; [ .
* ~ . N
e o :
. . s
[
f f '
v ' ’ n *
. | * . .
. NP ‘
. P I, . .
. ' . ' ! 7
1 - -
" v . i
- M
g -
. . .
It s - - A
T ’ . B !
. . . . .
. - R " ~- i
K
PR
‘e
v
o .
; f
.




.. i -
- ‘ :

. [N
B e

> .

N . “ - R / . - i
» + st voar s Y R e o - e Cawn ety LAy DR - iy NS . ¥

.

1
o

’ ) o - N 105 .

7
" ':\.\.\-;1

o | " APPENDIX E - TABLE 5 \

A
(\
[,

. A/U

.
25N R oty P o

e DY
)

e
a
£

L NP Rl

Source - ‘\ df S5y ' MS

(btwn) (19) ° .02631210 )

A .3 00677753 ' .00225918 ° 1.8504\ |/ 'ms

f

. Ssfw.gr. - 16 < 1019534577 lool22091 " -

g L

Ll etk oy

GBS T s

03609599 .

(]

012641597 4T ggd3

T CCBRATS TE 60,0 00116832 7100019472 T -BAGLY Y me

L oBxSs/wigr, . v32.: 0096445 0 0 100030139 -

N

w0 Y motallh . 59 ¢ i06240809.° -




cn‘n"q’w;.'ﬁr-r :» w'g_- 4 .f-\“‘_..g-_...._»._‘ e R N B A
. w i * '
© ' APPENDIX E - TABLE 4 - ' _
_ ) . oo E . -i .
. Ale & ' ' .

I Y S L
s

S

Source ' df 8§ . Ms Fl P

.

1Y

(btm). (19)  ..00397934 : \
A . o3 T34 .. ..00010818 473 . ns

. Ss/wigri. '_-1.6'," 00365480 000228'43 . A
(within) (40) ' 0051569_.". : _';‘;".'_ BRI 5
BT 00158036 '. ,odo79.§ia_-'-' .'10-'6'3'_64. i ,o._1_

(2 6907 S 05

BxSs/w.gr. ' 429
-'_Ax_i::.L':" "' 00004925 00001683 0.42212 "8
B ‘_j'A’xt;z Sty ,.00016518' :., .‘600055.06 o c":-741; ns
T oEms 00130939':1 00043646 ° 5.8751  <.05




T T N R

:‘.. ‘ :‘( \ ' ! ’ .‘ ' 108

Al
! ?rPE IX E - TABLE 8

5 . ' \ ~ | /
.‘ . y : .
} Al -

M
§

i

:
&

{

p

i
e

Source aE .88 M8 F  p

(btwn) . .(19) .0do10715 ' - - : A
a0 3 -.00p01891 - .00000630°

[

'A151423 . «n8 o

- . ol N

a . Ssfw.gr. 16, . .00008824 .- ,00000552° - . . <
DR wiehg) od) T o00e61ry T e L
Leb T B0 e a2y, .00002075 - +.06001038°, - 2:7978) o -, .

. S R e
U BxA Lo 6y, 000026717 - ,00p00A45  1.1995%:

i
to -
b .

. BxSsfwigds ©°'32.° 100011865  .00000371°

[ ’

Total 59 toob2%3;5f> B

'?j ' o .";~‘-—-~L‘:;/(/.‘_ - : '}’ . : .; -‘




T—
L i 2 .
3

St :
// 6 3
o :
! | .
)
e
i

L

s
, 3
i Y N
'3

—

B‘::-:': , Ct E A'2. ) "'1;.:1 R

 ExSsfwigr. . 32

~ “(btwn) (19)
A o3

,S_s/w.gr. . l6

; (wiﬁi’in) ‘

ERA L 6 7 a0

APPENDIX E - TABLE 9

’
B/D

Source . df ss } ms

.00030870

-,00001141 . ,00000380
.00029729 -
R

(4o -

. =

‘ " - ..00001236
DI ‘,::, t ) )

(700023647

Total AR}

.,00001858
00000831

.00000739"

000633077 0 VT

-~ -
N N ——————
. .,.-.,mm\ﬁnﬂ;z} x . .

k

109

e

B bl Y e s iAo

2045 - ns

13265 el

Al
L O
:
.
, ! PR I
‘.{ﬁ
n
:
)
. Al
i
“
o




/ . )
i ] : . !
LTI BRI e R N L L ke g Y ae, b o« bag . rren 4 . o
N f tes, N I SR 5 PR

‘Source
(btwni'
LR 0 X L7 :

A

il
G
T S
- g TR
.. Safbigt .

.- (within)

. L

[ A \
" BxA g0 8
et T 0 .
. -t

" BxSs/w.gr."

Total

L1
12
i, "

Vo
.

at

a9

37 . .,00020959 -

-i6

::. EY (49). .

k¥

.

S8 MS

.00121.802. S

.00006986

-
.

*. .00100843

B . .. 1 -
00168006 -

ook, , A&y L L.

b
\
S S 4

. .00011378"

. s
PO

7 .00145859" - 0000558

©.00289808 .

' . . [y

/

00010769 . .00005385
*~ ,00001896 . ..

.

C..00006303

.

¢

«

1.1084

1814 .

1

44160 ..

. 'n8




D f e
Rl TRy

el

Lo 111-

N
~
.
.
B st D Fd MU 3

.
/
.
.
ot Y ek e T
S S L8 T A W5
A
\ .

* APPENDIX P~

P

e ;conmnsons OF THE CHANGES IN: SYNAPTIC L o
RV S INCIDENCES (EXPRESSED AS g, OE CONTROLS) OF I
.t ' . . ' ~

DIFFERENT TYPES OF- CELLS IN THE IPL DUE TO

. ' LIGHT, DAMAGE, AND LIGHT DEPRIVATION. FIFKOVA'S .

: LIGHT DAMAGED DATA IS' oM FIFKQVA (19?3), HER
. : : ¢

-LIGHT DEPRIVED DA’I.‘A s OM FIFKOVA (1972b).
"CONTROL FOR THE -

)

. ‘ = NO STATISTICS REPORTED:

PRESENT STUDY WAS THE UD‘GROUP. * ' g




112 -

L hs-l‘-."f Lot

.ns ]

!
B ! \ R )
. N . 13
. : APPENDIX F - TABLE 1 - J
) ’ ’ J
Light Démaged | Light Damaged Light Deprived
> . __(UB) (SB) __(sm) -
o Sosula & Glow. 4 137.0 <.001
~ A/ (Total) . TFifkova + 25,4 % + 33.5 L ®
', Chernenko +6.1 ns +14.9 ns| +6.3 ns
) Sosula & Clow | - o #1201 <001
A/A . .Fifkova / +13.6 7| +.74.00 <001
. Chernenko o+ 8.5 i + 2.4 mej + 14,2
L Sosuia & ‘Glow ' +$41
A/B - Fifkova . | ] 41950 <.001
LU cherenio . 7 se |k 102
3 oo Sopula‘h Cléw | - Twaasial < oolﬁ B
. A/G ’ Fifkova " =1 5° N -
! Ch ko | + < 0 L,
‘- L ernen ) (03'15 .6 5:
- L - .SOSula & Glow | . ‘ L "
B AJU~ | Fifkova - . ‘ _}‘ ’ 2!
i : Chernenko . ° +0.1. ns +36.1 as| " #'0.3.% nsl
: : " Sosula & Glow| . | ¥49.2 " ne
‘B/(Total) =~ Fifkova: ~ | - 11.4. ‘% e . - 18,7 <.02
. e Gh‘e‘menko <:2.2 m8" | ~ 8.2 ns o 14.6' ~.oms
- N Sosula & Glow‘ ’ b ' + 50 0 _rfs
B/A Fifkova R E poe -
h t (.'-A20 0

Chernenko "e.

L= 3144

ns |.

.ng . ’

ns .. -

. ‘Sosula & Glow | . . ','_+ "50.6‘ TN
; Fifkoya™ S DAY S
‘ o Chemenko ~'25.,7." ns -=27.1 ns| ¥ 14,3 1 ng,
. Sosuld & Glow DRI K R
2, 't [Fifkova . o .
' 3.8 ne

_ Ghernenko "

s

L

cn~.













i

"Ir'x'.,_l_. fInnrnI)
i
P I'. ] W

A
N Ly

i A
St i
K
L
il
e

A e il i
i
l:'ril;“ 1{

LR
}j:y At g

R
e

O

Rttt
e

R 00
i A S
R
(e A

it o Ly Sl H
']rrl I‘I,n"‘\ ‘Ei".v A :: i
i

o i'frzllrlls;i
il

AL I.'I:' 8 e {p ) .- "%".;f.: :
LR "51.;,?;,-}'4"‘ AT
b R
' {. i

F i )
T 4

R e
L
R

! ',ﬂ."l-'-'-' il
i 'Eﬂi"
i ' i e

-: I. -= [ / 'l. fe |
||I|I il ,é:_ " “'E : oy L v ': 1. 3 Q}.E
,-‘J‘ _I." ' A | tf . En Ly . f ..

o

(L ‘ W ":-u".-.".‘ll '“."-{' }7(-’ ;!.}“I {
L

Sy
e
i ’}', 5{1 i IIIL
l‘j'll:'-'}lr-.'{‘.!'l:ll'l . et .--.- Al IJ. I o 1&" ‘I}I.‘
ot -;:I' .':J#'Js ;
l"%'%':"ﬁ.{;]}

?.

.
i "‘ff; :

)
i

G
iy

T‘“ il
L i I 'Li - %Lli}llﬁllfl:ﬁrl : ;
o

|I{

Lol
ikl

d HJ\ I’L . lﬁl._.l..' u ..':



