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Oriented grating discrimination learning does not improve orientation sensitivity of dL-

GN neurons of the cat”

HUA Tian-Miao™, MEI Bin, WANG Hai-Tao, LIU Zai-Qun, SUN Qing-Yan
College of Life Sciences, Anhui Normal University, Wuhu 241000, Anhui, China

Abstract Practising visual signal discrimination can change neural plasticity in the visual pathway, the mechanism of
which remains unknown. Several investigations have shown that after a long-term discrimination learning of specifically
oriented gratings, the response of parts of neurons in the visual cortex of trained animals (monkeys) presented task-rele-
vant sensitivity changes. So far, no investigation was carried out to determine whether these changes could take place in
sub-cortical structures or not. In the present experiment, two adult cats were trained to discriminate respectively the hori-
zontal and vertical static sinusoidal gratings for food reward. Performance of the two cats improved gradually and reached
a percent correction above 85% after about 4 months of hard training. Testing with an orientation orthogonal to the
trained orientation showed a significant reduction in correct performance for the two cats. Extracellularly recording the re-
sponses of dLGN (dorsal lateral geniculate nucleus) neurons to sinusoidal gratings with different orientations showed that
preferred orientations of dLGN neurons in trained cats, compared with that in untrained cats, did not shift in favour of the
trained orientation. For cells with receptive fields located within 15° visual acuity away from the foveae, trained cats
showed no significant change in orientation bias and firing rate at trained orientation compared with untrained cats. All
above indicate that oriented grating discrimination learning does not lead to a shift of orientation sensitivity for dLGN neu-
rons in the cat. The specificity of performance improvement at trained otientation may be related to neural plasticity of ori-
entation encoding in the visual cortex [ Acta Zoologica Sinica 51 (2): 274279, 2005].
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B(CRT), BB ENL (Computer) . 4 R BE { Nosekeys) . 35 B ( Electric controlling eirewits) . LE (Ajr pump) . W E
{ Solenoid valve) . B (Food container) B E D (Food [eeder),

Fig.1  Apparatus for training cats

A Showing the food feeder (FJ. right () and left (L) nosukeys. R, Showing autoriatie food reward comtrolling systenn, meluding dis-

player (CRT), eomputer, nosekeys, eleciric controlling vircuits, air pump, solenoid valve, food container and lood feeder.
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Fig.2
ly and vertically oriented grating

Test points showed a significant reduction in correct performance of the

to the trained one.

Showing the learning process of the trained cats {Cat 1 and Cat 2) for discriminating respectively the horizontal-

two cats for discriminating gratings with an orientation orthogonal



278 ] 7]

2% 4R SL#

(Cat 3, Cat4) SMEEAMABAR T 6T KFIF
(v 45°, THFM 4B MME 2 H 5 49% . S1%.
DERIERS, BEFCOARESNEHEER
EVUT SRR MR BT

2.2.2 RN EFRHRE F—-HHESARE
AR FUEFHERE (OB) AER, BEKXK
WMEBLESHMA, BB OB ¥ HEM 2 #E
(Cat 1, 0.09 £ 0.07; Cat 2, 0.11 £0.1; Cat 3,
0.11+0.1; Cat 4, 0.11 £0.08), ¢-test (BE)
ETEEER (Cat 1-Cat 3, P=0.302; Cat 1-Cat 4,
P=0.124; Cat 2-Cat 3, P =0.493; Cat 2-Cat 4,
P=0.764; Cat 1-Cat 2, P =0.304; Cat 3-Cat 4,
P=0.372), #H&NIT A FoKF S EH 74 30°
W 3T B 4 B 43 B 3T OB st 47 L RS, ZE IRt A dE
WS Z R R RNEHZRBRREAEEEE
% (Cat 1-Cat 3, P =0.37; Cat 1-Cat 4, P =
0.408; Cat 2-Cat 3, P=0.112; Cat 2-Cat 4, P =
0.122; Cat 1-Cat 2, KFHFNMIE P=0.134,
HANMMYE P=0.412),

2.2.3 MG AEMAEEHEE Ca
1 & A 40 B 7ot 2 7 L YO M 0 B B9 S 3 SR R
(0.96£0.2) HIFNEMHHK (Cat 3, 0.98+0.23;
Cat4, 0.89£0.21) HEBEEFR (Cat 1-Cat 3,
P=0.258; Cat 1-Cat 4, P=0.108), X KFEF{L
JEH A BB A BGRE (1.0310.16) 5 Cat 4 B
(1.13£0.23) MEAREER (P=0.019), BYS
Cat3 B9 (1.020.23) WEER (P =0.24);
Cat 2 SMBER 40 B XK 07 60 . 2 4 O 6 H  3
WA MEBAE (1.08+0.3; 0.9+0.19) 5 Cat 3,
Cat 4 M KB EWER KFEFNM: Cat 2-Cart 3,
P=0.088; Cat 2-Cat 4, P =0.106; I B / fu:
Cat2-Cat 3, P=0.095; Cat2-Cat4, P=0.194),

3 3 i

WOABRKEHSABENHE CRERABH I
fLEFM, XMAFNEFEAERETRER, M
RSN A 5 W — R, EEBRUEEEA
EFRFREPRAGFE ARESE, 1996, 2002),
HAE Hubel and Wiesel (1962) &2 B 40 #4 % i3,
XA L TR RS A i R g
BOHS 77 AL B M B BOKR 2 B J2 4 B 3SR N O o 3
BHERKN -1 EERNE, RETEEXRKER
WAILERANY, SEEZAMEEXE. T
W (Ferster and Miller, 2000; Haim and Robert,

1997; Eysel et al., 1998), ZLRFEFEE L1 E
77 £ 1E 5% YoM B A7 A Y1 5 DA B3R SRR B 2 U I T
kB, REEREE, SREM S TR
NHEBENGHULERE, MESHITAYE
o, SIEEME (ENSGHE) THBER, X—4%
BEEBAOMEE (Schoups et al., 2001) BIFH
RS, A ARHT M UIG AR
WHREHE TR T EAERE, AT, MR
BiR, RIFEH M8 IE L C M E 8 a0 K2 4K
BZEHTEME (2-10 min) WEN, ZIHHR
K2R M BT L &4 T B (R4 844 19 S B AR o
2% (Dragoi et al., 20005 Matteo et al., 1998), X
FHEFARBT N KR ELE S 41K R e HhE
R 2 HLE FTREA B B AN .

B AR A N L (Schoups et al. ,
2001), HiRG|EHEL 84% LI LAY, HMMESHC R
MEZE (VIK) ARTAAEHENERSTE
. IGRAE RS R VI SR BRI 7 i R B
HHKESR: F—, XTEMEAMENGITLHT
12-20° W40 MR L, 4Rt 9 5 2 40 M 09 5 L 8
EHARENEFEMMNERRNGKZHARNYEE
B, N Gt B 52 = 40 B A T AL R 2R 7E 3R
GHMHBEESRINGEEZHARNEHEER,; $
=, M TERETAATINGHME 0 -4 40k
*ui, YIEeaT BB E 0 89 7 S A R eI SR
MR AR E (NG FHEME/TE) thk
WS E MK R E TR, ARG m &K
HILHEER, Schoups et al. (2001) AN, X
HRBARSETHARNNEERT, HANAE
E MR R R AT R RAT A L AR R
ERAEREER, FMRINTERER, HETHF
AR RS2 T J5 . MR 40 AR B4 T {2
FIEMERZERENTA, HAmEFiEEL
RENGHNHEBGRE SENGHN T EEHE
o RE Ca 1 MKFEFUAMAHBH LBERES
FEVNGI Cat 4 ZHEFBEESR, BXFHERT
RERZRENLIRZE TR, M RIUIZH (Cat 1, Cat2)
BORETTKY . EAHITIEMIIRAES, Hxt
T AR N E R EMEREES, B
RSB EARA T RERE R A LR B SN
=5

Albrecht et al. (1986) i Davidowa et al.
(1982) A—MEZEEARLBI L HHJERR
HRAT 5 mm &= RRMIES . HFUHIEN R E



2 S A O Y G HHR B S A TR A S B R A B 42 T O L U 279

S RBBYOKEN, REEFERS T AR
10 7 AR DU S0 B ik 40 Bl X3 U A5 S R, R
A1 g s 4R i ket N R A5 5 YRR AR SR AV K
SAENGARMEE, I KRN ON 48 M 558 &
TFE, HONRMZEMMHMEERS, EHERY
ON MA& RN o Albrecht et al. (1990) FENJHME
AR LRI H-REKXREMRIEUEET
TR FERER R I L ON 48 i s i 28 4k 0 18] 5 40
Jasbic R REFX: EXRBEERRET IR,
ON MMM R E T, MAERBRETICR
BP0 i BUAH R A AR 4k, BR ON 443 40 i =2 iy ¥ 58 .
FATTXE I 55 A A DI G508 A1 IR R 9 ON 48 g A1 OFF
W HT T B (BERNE), REAR—H
M ON 400/ & BORE Lt OFF 40 f 9 BH B 4058
BN &% 5 A& I 2R Z (5 8 ON 4 fi =k OFF
MM ERRE N THEER .

PLbardr R, R 7 AL OGH R B kA BE
BRI A T 2 TT I G BURAE AT A Bt
77 ALCHHR R RE MR R R T BEh L R A
R84 B s G A RTEB MRS |, Bk B2 2 4 Y 7 o st
B SGSERAMSS T B ERE R RAR
X, &5 R R D948 18] KA B % Ay 5 A8 B3 | 1
F (Ferster and Miller, 2000; Haim and Robert,
1997; Eysel et al., 1998) H X, m AR, Wik
FIEFHWM A EERM YR N, HELMA
A, EEMTEEEEATRSEITSFHES. &
AR FA GFENKRE) URNEBEEEZH
HEA X,

B O# BEEAEAEREIR KR E AR
B BT B TR IE S B R SR, B o B A
P g e vl D) R o vkt R B R o A
KHEI KB

S E L #k (References)

Albrecht D, Davidowa H, Gabriel H]. 1986. 1nfluence of atropine mi-
croinjection into nucleus reticularis thalami on activity of lateral
geniculate neurones in freely moving rat. Behav. Brain Res. 19:
49—-57.

Albrecht D, Davidowa H, Gabriel HJ, 1990. Conditioning-related

changes of unit activity in the dorsal lateral geniculate nucleus of

urethane-anaesthetized rats. Brain Res. Bull. 25: 55-63.

Charles DG, 1994. Early perceptual learning. Proc. Natl. Acad. Sci.
USA 94: 195-197.

Davidowa H, Nicolai A. Gabriel H]. Albrecht D, 1982. Lateral genic-
ulate unit activity in freely moving rats. 1 relation to behavior and
stimulus relevance. Acta Neurobiol. Exp. 42: 483 —494.

Dosher BA, Lu ZL, 1999. Mechanisms of perceptual learning. Vision
Research 39; 3 197 -3 221.

Dragoi V, Sharma J, Sur M, 2000. Adaptation-induced plasticity of
orientation tunng in adult visual cortex. Neuron 28: 287 —288.

Edeline JM, 1999. learning-induced physiological plasticity in the tha-
lamo-cortical sensory systems: a critical evaluation of receptive field
plasticity, map changes and their potential mechanmisms. Progress
in Neurobiology 37 (2): 165—224.

Eysel UT, Shevelev 1A, Lazareva NA, Sharaev GA, 1998. Orientation
tuning and receptive field structure in Cat striate neurons during lo-
cal blocked of intracortical inhibition. Neuroscience 84 (1): 25~
36.

Ferster D, Miller KID, 2000. Neural mechanism of orientation selectivi-
ty in the visual curtex. Annu. Rev. Neurosci. 23: 71 —d4].
Fiorentini A, Berardi N, 1997, Visual perceptual learning: A sign of
neural plasticity at early stages of visual processing. Archives ltali-

ennes de Biologie 135: 157 167.

Haim S, Robert S, 1997. New perspective on the mechanisms for ori-
entation selectvity. Current Oopinon in Neurobiology 7: 514 —
522.

Hubel DH, Wiese! TN, 1962. Receptive fields, binocular interaction
and functional architecture of the cat’ s visual cortex. ]J. Physiol.
(Lond.) 160: 106 - 150.

Kaas JH, 1999. 1s most neural plasticity tn the thalamus cortical. Proc.
Natl. Acad. Sci. USA 96 (14): 7 6227 623,

Levick WR, Thibos LN, 1982. Analysis of orientation bias in retina.
J. Physiol. 329 243 - 361.

Matteo C, Movshon JA, David F, 1998. Pattern adaptation and cross-
orientation interactions in the primary visual cortex. Neuropharma-
cology 37: 501 —511.

Orban GA, Vandenbussche E, Sprague JM, De Weerd P, 1990. Ori-
entation discrimination in the cat: a distributed function. Proc.
Natl. Acad. Sci. USA 87 (3): 1 134-1 138.

Schmolesky MT, Wang YC. Pu ML, Leventhal AG, 2000. Degrada-
tion of stimulus selectivity of visual cortical cells in senescent rhesus
monkeys. Nature Neuroscience 3: 384 — 390.

Schoups A, vogels R, Qian N, Orban G, 2001. Pracusing Orientation
identification improves orientation coding in V1 neurons. Nature
412: 549 - 553.

Vandenbussche E, Orban GA, 1983. Meridional variations in the line
orientation discrimination of the cat. Behavioral Brain Research 9:
237 -255.

Zhou YF, Shou TD, 1996. Topographic relationship of orientation sen-
sitive relay cells in lateral geniculate nucleus (LGN) of dark-reared
cats. Acta Physiologica Sinica 48 (2): 195— 198 {1n Chinese) .

Zhou YF, Yang YP, Hu B, 2002. Influence of cortical feedback projec-
tion on the orientation modulation properties of dLGN cells of cat.
Prog. Biochem. Biophys. 29 (2): 257 —= 260 (In Chinese).

ki, HXRME, 199 WEHFBABENZTREFT LT 6
BetE. EFEIR I8 (2): 195 198,

Bk, ZERE, W &, 2002 MEREBRMBINEEMETY
MR ERER. ML ESEEHRR 20 (2): 257 -
260.



