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Fig.1 Block diagram representation of the model
system. A, the horizontal cell’ s response to light
stimulus is represented by the model output v{n),
which consists of signals of red - and green - sensi-
tive pathways. B, C, modulation of the gain of the
two signal pathways (r(n) and g{n) respectively)
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v(n)=S,(L{n)}) - rin)+5,(L{n)) gln) )]

Ar(n)=8(L(n)) “ ks * (r(n)=n)+u(n) ~ ki (r(n)=r)+ ko (rn)—ro) (2a)

rin+t)=r(n)+ar(a) (2b)

Ag{n)=8,(L(n)) ko~ (g(n) - ) tvln) ke (gln)-g) vk  (g(a)-g)  (32)

glat1)=g(n)+ag(n) (3b)
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()M g(n)ARRITHANE . BE FEREHRAEERBAHR, TR, ELORBALGK
BT .ZEMEB v(n)=5(R) - r(n)+8(R) - g(n)s
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Fig.2 Effects of flickering light on LHC' s chromatic plasticity. A, an LHC’ s light re-
sponse before, during and after a red (703nm, logl= —1.13) flickering sequence (upper
panel, LHC’ s response; lower panel, light flash signal}) . The repetitive red flashes in-
creased the cell’ s red response but depressed its green response. The cell' s chromaiic
sensitivity change was reversible. B, the cell’ s light response before, during and after a
green (501nm, logl= —2.21) flicketing sequence. No significant increase was observed in
the cell’s response to green light during the period of repetitive flashes;however, the cell’

s response to red flash was remarkably reduced. The change was reversible
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Fig.3 The time course of development and recovery of flickering induced LHC chromatic
plasticity. A, the development of red flickering induced red response enhancement. The re-
sponse amplitude was sampled every 5s, and normalized against the value measured during
control {mean*S5.E.) . B, the process of red flickering induced green response depression.
The cells” green responses were measured during control, as well as immediately after 5, 10,
15, 20 red flashes were applied. C, the process of green flickering induced red response de-
pression. D, the recovery of LHCs' red response from red flickering induced enhancement.
The cells’ red responses were measured immediately, as well as 5, 10, 15s after the 20-s
red flickering had ceased. E, the tecovery of green response from red flickering induced de-

pression. F, the red response recovery from the green {lickering induced depression

HTERBRAVRAREBEENERFAAMRAT=EHHBEL, LRNFRABE
ATATHRENEENEBESTTRES . ERLETHR M T 508 208 R 5 o8 X
BUHEE 20 KWLM B 3A FHEE 5 KA W EE(SHLARS TN
BIHMBAEML, BELERER) BT M0 £ R0 0050 M T 40 M X 8% B R B St
B OARAFMETERLENMEINERS 5K, 10 K155, 20 WZ )5 0 M3 8065 3
BRAL . B 3B a4t 7 Y A A O LT o (RIAE, SC R 8 kS5O O ST M F A M 4T
HEEGOWMER, 0H IC AR RESR RANHIRESALKRLEBHN  XREH~
FHRTACHBMNRCHHENNAEMNTEEWEALR, AID-FAHNRE3A-C
PAMEEEEREMBRHAE HRELR,

Table 1 Parameter values for the model and robust test

Parameters Values Maximum Relative Errors (%)

90" 95" 108" 110"

ks 0.2884 6.8 3.5 1.4 2.9
ko -0.12415 5.7 2.7 2.5 A9
ke -0.00492 29 1.4 1.4 2.9
ky -0.01277 4.8 2.4 2.4 47
ko -0.27 2.4 1.1 1.0 29
ko -0.21 3.5 1.7 1.6 3.0
Ty 0.205672 1.7 0.8 6.9 1.7
rn -0.16711 0.8 0.3 0.4 0.8
& 44.17596 2.9 L5 L5 2.9
& —-9.13769 4.6 2.3 23 4.0
1 0.833 8.6 4.2 42 8.4
& 0.833 6.0 3.0 30 4.0

* Relative changes of parsmeter values (%)
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Fig.4 Model output compared to experimental messurement of flickering light
induced LHC' s chromatic plasticity. Upper panels, LHC' s response: solid lines,
experimental records; circles and squares, the calculated cell’s response amplitude

to red and green stimuli 21 each moment, respectively. Lower panels, light signals
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Fig.5 Model prediction for the states of red— and green —signal pathways. A, B, r(n)
and g(n)} changes (circles and squares respectively) during development and recovery of
red flickering induced LHC' s chromatic plasticity modification. The values of t(n) were
increased when red flickering was given, and recovered when the flickering stimul_ation
had ceased; accordingly, a decrease with a greater degree was calculated for the g(n)
change during the period. C, D, r(n) and g(n) changes during development and recov-
ery of green flickering induced LHC's chromatic plasticity modification. Both changes are

mild, as compared to the changes caused by red flickering
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3.2 REABHWY

HEEERABRAFARERRMMEAT O EREETL, AXNET-1TEEER
GNERRRATHEM, EX/PRAD, AFANEZREOE. FERIHTEEHRA;
MR EEHEARE A ARERXFRY AENRSIEN AR KRN ER M, LR
HAEBRSATARBHZHNARM. S4CHIBTRENLK SRS L. B
REERGEHE", UEXBREMRBETHE"S, R S.(0) =0, 5(0) =0, S(R)=1.0,
5,(R)=0.2, 8,(G)=0.5, §(G)=0.7, 25 BEZRERE 2, BIHR, FRAEAR
HEANAFHRMAEZNBEELZHERE (ARHRETSHERRRLANRE), WO
S aRiEND O RESRXENNERBRREARENR 1R,

RRRERUMEEHAKTARYL, FARNMENEE v(n) SERERFIHER
FHA BPLEMFALRIER;NIERFTRF RSB AN RSS2 2R ER N
W, HBRHTUR TR RRE,

HEMERL . FNR WG] E AT 95 0 Bk B ) M O M R R
HARP, A8 FEEERRRR ()R g(n)EHEZTEHAR, ROBHTEEHSHY
BRP ()~ (DABFTERTE, FRRATES A-D, ABPHRFAERTUEL, 48
FREEOKRRENE, REZ r() 2R -BHBRAR, MW g () MERHHUHTREY,
BETREEL (1) ZHBEX, TFTAFERZHASENEERA FARRENRA,
MAMBANRENNOEARERAERAZES, EFOENGHMFTIED r(n) BMEH
BAH g(n) HBERBOG S BREKEEI LRI 0 H 6 R 5 R X Rt 86 = RE
WES. X000, YEFERSLRERE, REZ r(n) M () HFHZRNEMET E AR
BBAATARGALRUHERMTYEAREREERLRRIE,

4 W i
4.1 RENTHENANE

WKLY v(n) ZEARETHETAE. SEFIRSEENRARKBEKRER
B RPRAREESEEMNAEREN S, (R),5.(G),S5,(R),5(G). RIXAPHRK M H
HIRENEE" FSEENRAREZARABMR RN G IE Y, B w48 E
RBARE r(n)g(n)R e W REE =R FAR, BB 0k EA A A A
ARSHUAMESHE 61 EHEAFE y(n)=ay(n-1)+b FREMEHRES, &
HRRAMKRT, RELMBRBOESLERLY - 1<a<0®. WEHFR, KXFHEH
RN EMEEN ERAAEMERSKFORRURARMIHNRNERERE, Hik
EFRRLRRT, RENHERARAREAREREZRMHEXRMLE: BAKE
—1<AK0, HP A =S (L(n))  katoln) kutkw(*=rg). EEWSHEH
T, WALKA, S, (R)=1.0, 5,(R)=0.2, 1<0{n) <1.172, H ~0.13< A, < ~0.10,
~0.23<A,<~0.22,r(n) A g(n) 4 HIBKTF 1.102 7 0. 366; WARKEM, S, (G) =0.5,
5.(G)=0.7, v{n)=1,F A =-0.25 A, =-0.226, r(n)8 g(n)RHHHKF 0.699 R
0.930, TR, REAAMRAZETRREBEH.

AR BAEBANRAEST(BERABRRANASE)HTRE MEEHRBEST
THER, HEL—-RESHMNE, ATLREHYHBBMEN 0% - 110%, AN FEHLME
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SREXRE ERZRRETO RAERMEN OB TANRLHE,
B max|[y'(n) - y(n)]/ y(r}. 2HOEFECL FRBANRERHHATELER
KEHNTFEI MHEATERTUDE, RERLAOAECEEEMEETHNTFERE
. HREREERDAA THRERAMBE, REARTFOARYE,
4.2 REDHEMN

EMB AR, XELXTHARESRACUASEARNES., RECARS, &
703nm W#E, SEERENERE LR ENBORBE R LY 2 MM, BiPERE
MK EEFEORELRNE, FEORNEEATLERE - KEANERNEEH
W ATMEREMBEESENE. A6, ATEMBEFKFHARREZANAEMER, K
ARREEARMBTERMN K EARENNBENH A SRR GRS BERE, BRI
BAVCHRGRARMBE N MHER, B—FF,50lem FIH, REWESKRE RGER T4
SWE HE 0.5 PXIHAL, AR . BENEANNERENE Anbr - SBE LHE
IRNE ARG FERRFIRNBBAAIMITIRHENZ OB LR BARES
BT V40 M 46 6 S R A W K R L IR PRI
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SYNAPTIC PLASTICITY IN THE OUTER PLEXIFORM LAYER OF
CARP RETINA AND MODEL ANALYSIS
ZHENG Lei', ZHUANG Tian-ge', HU Jian—feng, LIU Y, LIANG Pei-ji
{ 1. Department of BME, Shanghai liaotong University, Shanghai 200030, China;

2. Shanghai Institute of Physiology, Shanghai Institute for Biological Sciences,
Chinese Academy of Sciences, Shanghai 200031, China)

Abstract: The spectral sensitivity of luminesity type retinal horizontal cell (LHC) is

stimulus pattern dependent. A mathematical model is developed in this study to inves-
tigate the possible physiological mechanism underlying such phenomenon. The model
consists of two parallel signal pathways, which are the red - and green - cone signal
pathways respectively. The strength of synapses between the relevant neurons of each
signal pathway is represented by its gain term; a linear summation of the output of
each pathway forms the system output, which represents the LHC' s light response.
With the assumption that the status of each pathway is modifiable, i.e., the gain of
each pathway is positively related to its current status and negatively related to the

system output, the model prediction describes the experimental cbservations reasonably

well.

Key Words: Retinal horizontal cell; Spectral sensitivity; Light response;
Mode! analysis




