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| Abstract ]

Characterization of neural network reorganized by peripheral deafferentation in SI cortex and VPL
.- thalamus of anesthetized rats '

Sung-Cherl Jung - -

Depariment of Physiology, Jeju National University School of Medicine, Jeju, Korea

Partial blocking of a sensory transmission from the pe;-iphery to the central nervous system by amputation, cold block and
local -anesthesia induces immediate somatotopical reorganization at multiple levels of the somatosensory system of adult
mammals. The emergence of new receptive field {RF) or expansion of RF to RF boundary (RFB) after temporary deafferentation
(TD} by local anesthesia has been suggested to be mediated with synaptic correlation among neurcns, In this study, we
characterized the alteration of neural network among neurons in each area during TD. TD induced the suppression of
excitatory postsynaptic activities triggered by RF center (RFC) neurons, while those by RFB and RF outside (RFO) neurons in
both 8! cortex and VPL thalamlﬁs increased during TD. The quantification of neuronal activities changed during TD strongly
suggests that the reorganization in SI cortex is more conspicuous than that in VPL thalamus. This means that TD-induced
suppression of RFC aétivities may primarily lead the facilitation of RFB and RFQO neurons. functionally disinhibiting the lateral
‘inhibition among neurons, (J Med Life Sci 2009:7:230-236)
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Are] (Fig, 1B, Before TD)ellA 2z 74.10, 43.61, 1.43
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A7HE wEkgs HFAE 3 Figure 2014 S e
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slZe g A=Al vlasle] Ads 3 v (p40.05).
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32 TAA T Tof vhehbe ST AEAT VPL A4
RFC, RFB 121 RFO AIZAAEES] $£AY T54d #HE =2
ofZEar ek, 44 FAZEAE A 0 mind] AGMIZES Ateld]
PFAHEE A FE A= RFCE RFBY driving neuron
Eo| RFC ARAZE digf 7235 §548 Held gl= AL
Pk 4= glglent, @R RFC F9e Al A4AEE 53
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Qlgdct. ¥£3F 7|£4] RFB driving neuronZell 93 E/43t=%l
9 target neuron59] FAY SHEL T F5 AAA dgel
A FdEA B ZpstA ebda gl

ojibe] Aglse Al Ziekalch Fof AFNEES] HojR
= Agkelza sEile] Wslel AAMEE Ato)Y 9 EAE
£ gl AuE veL AAe] dlgt FARS FErhe g 2
3 9tk @y, Figure 4] Vel 5 Hzg F343AY

- 232 -



Sung-Cherl Jung.

¢

grajEsdo] digh okd BAZ xolg Heoln glch SMSUR W
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AlAAEe] k2 5 F5dY E WSk UERd (Fig
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= AEE AAAT (= RFO)E 9R2 81 AlFAle| 10,58+
0.77% (n=11)%1d] H|&f VPL Ald=2 7.20+0.68% (p<0.05, n=7)
2 A et Fig 4B). 183 AL Ui A= 93
Wizt E/d8at opler 2 doujola A ESe] B
= dREAGANE & 5 U, 4Ed AEAEE 99
7HsE A g 7IELR AR sTCcd] 95 sl £1
A AeE »Z BAMS P, ST A Ao 439442.62%
(n=469/total 1091 pairs)e] T84 HHEA ] 2 Ao val,
VPL AAfell M= 81.82+2.72% (p0.05, n=307/total 981 pairs)
2 Yddez G wgZ Roli i} (Fig 4C). &7l 744
TLAE Fof A2o] FAE dF¥sL S 4Ed 1064+
2.09 %, n=116 pairs}®] VPL A4} (6.5520.83 %, n=64 pairs)
2} FA GEET (Fig 4D). ol HIE 5 3599004 242
9] HAAZSO] BojFE= 4323 B4 It ok s
BhA|eE, 1 RlEE HEE Afdl= 8 AEEe] veL A4
Hrh o 539 AEeEdE Zete 42 gofEh,

N

Figure 1. Effect of TD to peripheral RFC area on the
afferent somatosensory transmission to RFC, RFB and RFO
neurons that were simultaneously recorded in SI cortex and
VPL thalamus of anesthetized rat. (A) Post-stimulus time
histogram (PSTH) of SI cortical neurons, (B) Post-stimulus
time histogram (PSTH) of VPL thalamic neurons. In both
areas, evoked unit responses of each RFC, RFB and RFO
neuron were triggered by subcutaneous ES under the
peripheral RFC area during 5 min pre-TD control period
(Before TD), during 5 min after 20 post-TD (After TD,
20min) and during 5 min after 60 post-TD (After TD,
60min). Arrow in (A) indicates the stimulus time.
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Figure 2, Averaged temporal changes of afferent sensory
transmission through RFC, RFB and RFO neuron in S
cortex and VPL thalamus of anesthetized rats (n=1%
following application of TD to peripheral RFC area. Arrow
is the time of TD application.
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Figure 3. Averaged postsynaptic activities that were
measured among RFC, RFB and RFO neurons in SI cortex
and VPL thalamus of anesthetized rats. Postsynaptic
activities that were triggered by evoked unit responses of
neurcns. Target neurcons and driving neurons are arranged
in X axis and Z axis, respectively, The Y axis of each
histogram presents the %CHANGE. In both areas.
neurcnal activities drived by RFC neurons were
significantly reduced during TD, while those by RFE and
RFQ were increased.
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Figure 4. Quantitative comparison between Sl cortex and
VPL ‘thalamus, (A) Of total sorted neurons (SI cortex :
n=108; VPL thalamus @ 91} by SMSUR. the percentage of
neurons that were responsive to the peripheral ES before
TD. {(B) The percentage of emergence of newly firing
neurons during post-TD pericd. {C) The percentage of
pairs that have shown the excitatory posisynaptic activities
between target and driving neurons of total paired neurons
(Sl cortex : n=1091 pairs: VPL thalamus : n=981 paris) for
measuring the postsynaptic activities. (D) The percentage
of pairs that had the newly emerged excitatory
postsynaptic activities after TD. *, p<0.05. compared with
S1 cortex.
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Ae] gastel diside 7|Eel] WEH HHX] 7HER 9%
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ARMEETS] FEA Ao} BAdo] Y TheAdelnii 1o 4
S wollM AAAZEL A2 die] B4se AL AN
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o HEY Q= HRE 3XE § £ Qded], 7lEe] AHAY
o] Tz Q5L a2 glowA, I Ay gEAdo] Wl
A, AARAE oAM= BE8ka] kd ABEdse| $HisE|
Nae dH715E = AFUHSe] LAg e Folchn
181 o]2igt AAAY ) E4uE 2 F AFdYY 4
o] Wal= AL AUy ok & UAFH FHY FAAGE
Qb et AN ZEEZEY] dESNE 7189 34 9ol
u olEo| TaiFje] A FTEA AAFMEY F# AAH
(threshold)o] RolAlAL, B H2IZF o|ste] A FRA Ay
So] BgsiichE Zolu, I agrIHe vz 7|Ee B4
T oA dHE Hert AR AY A7) 2l e
2 HiEgice, o 20

2 Aol S AuAI VPL AlAellA) 7|85 Zb2ke] RFC,
RFB 222 RFQ AHMESS A259 5ot 44 &
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VPL Al4ellA yelihs Al7d7EAAS adE gheddicks 48
oujgiciy. 2ajut B A9 ZHrE FUsh £43id, & o
oA Uehbs 2t AZANES w2t A (magnitude)o]it
A&AZE (duration)e] +2)3HA 2ok A& AP & Us
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pathways 8T 7MdS AARKT Site2, o]t vPL A4
It 81 AsEe] Zo|HE RFB AFAZECAE kel =y
T4 FAzkRe o ASE= REFB AIAAEES] AR &
FAol FHA 5ol veL AldelA Ko 43 A2 gkn
A RRSAIZEE Keoldl Stk VPL Al BFB A3AZE9 8%
4 F717F 8L AmE AR FatA vElRs A, dR A=
9] e HEt 5ot Wigk ¥hEAde] ST ATE AR VPL
At AZSolA Hep EEHA vlehAu AlduEEs gt
2= FArE] Sl 4uHelA Eakmr]) itd ek glont F
ol 81 AloEe s layer VIo| Sli= intrinsic horizental
connection=3} supragramular layero] FAsh= ARANEETL
9] Fad ddgo] ARAANZEL WE-EE A TEA
7NAES YAANFl= A LR AR, B} 55X 2F 714
S0] SI HE oA ZHEsial 9l AE AlAREes 29 o3t
SI AlEA AANZESY IS4 ddgo] £ A7elA vepd 4l
A7t Ade] HHEe] Sl=Alel dislMe FAFHLE dolHA
ekgtont, 81 Aaldel s #ztalg T AlEA B4sEE RFO
A7RM Zo| VPL AMdeARG v gl FTEEIT STCC
o3 vhEhde TR JEEe| ARG A g £
H5 VPL AEDE ST AnEdA 24 A B Bes=
vfehbe Aoz zAREY g Aalde] g7 adels Fot &
FHY B4 AT B39 2AHV|HEe] B Aoer £

Hrk,

il
MO
rat

F

1) Merzenich MM,. Kaas JH, Sur M, Lin CS, Double
representation of the body surface within eytoarchitectonic
areas 3b and 1 in 'SI" in the owl monkey {Actus
trivirgatus). J Comp Neurol 1978:181(1):41-73.

2) Kaas JH. What, if anything, is SI? Organization of first
somatosensory area of cortex. Physiol Rev

1983;63(1):206-31.

Chapin JK, Lin CS. Mapping the body representation in

the SI cortex of anesthetized and awake rats. J Comp

Neurol 1984,229(2):199-213,

4) Doetsch G8, Standage GP, Johnston KW, Lin CS.

Thalamic connections of two functional subdivisions of

3

ey

the somatosenscry forepaw cerebral cortex of the
raccoon. J Neurcsci 1988:8(6):1873-86.

5) Liu XB, Honda CN, Jones EG. Distribution of four types
of synapse on physiologically identified relay neurons in
the ventral posterior thalamic nucleus of the cat. J Comp
Neurol 1995:352(1):69-91,

6) Calford MB, Tweedale R. Immediate and chronic changes
in respenges of somatosensory cortex in adult flying—fox
after digit amputation. Nature 1988:332(6163:446-8,

7) Merzenich MM, Jenkins. WM. Reorganization of cortical
representations of the hand following alterations of skin
inputs induced by nerve injury, skin island transfers, and
experience. J Hand Ther 1993;6(2):88-104.

8} Garraghty PE. Hanes DP, Florence SI, Kaas JH. Pattern
of peripheral deafferentation predicts reorganizational
limits in adult primate somatosensory cortex. Somatosens
Mot Res 1994:11(2):109-17.

9) Nicolelis MA, Lin RC, Woodward DJ, Chapin JK. Induction
of immediate . spatiotemporal changes in thalamic
networks by peripheral block of ascending cutaneous
information, Nature 1993;361(6412):533-6.

10) Faggin BM, Nguyen KT, Nicolelis MA. Immediate and
simultaneous sensory reorganization at cortical and
subcortical levels of the somatosensory system. Proc Natl
Acad Sci USA 1997,94(17):9428-33.

11) Borsook D, Becerra I, Fishman S, Edwards A, Jennings
CL, Stojanovic M, Papinicolas L, Ramachandran VS,
Gonzalez RG, Breiter H. Acute plasticity in the human
somatosensory cortex following amputation. Neuroreport
1998,9(6):1013-7.

12) Calverley RK, Jones DG. Contributions of dendritic
spines and perforated synapses to synaptic plasticity,
‘Brain Res Brain Res Rev 1990;15(3):215-49.

13) Darian~Smith C, Gilbert CD. Axonal sprouting
accompanies functional recrganization in adult cat striate
cortex, Nature 1994;368(6473):737-40,

14) Donoghue JP, Suner S, Sanes JN, Dynamic organization
of primary motor cortex output to target muscles in adult
rats. II. Rapid reorganization following motor nerve
lesions. Exp Brain Res 1990:79(3):492—-503.

- 235 -



(haracterization of neural network reorganized by peripheral deafferentation in SI cortex-and VPL thalamus of anesthetized rats

15) Keller A, Williams R; Vahalviolos J, Auffray C, Rush-RA. .

Immunohistochemical -localiééti:on of. nerve -growth ~factor -

in a subpopulation of chick spinal ganglion neurons, J
Neurosci Res 1990:27(2)136;—43.

16} Zecevic N, Rakic P. Slynaptogenesis inpmonkey
somatosensory cortex, Cereb Cortex 1991:1(6):510-23.
17) Faber DS, Lin JW, Korn H. Silent synaptic

connections and their modifiability, Ann N Y Acad Sci

1991:627:151-64.
18) Simon JR, Graff RD, Maness PF, Microtubule dynamics

in a cytosolic extract of fetal rat brain. J Neurocytol

1998,27(2):119-26,
19) Petiet MW, Gilbert CD, Dynamic changes in receptive—

field size in cat pnmary visllal cortex, Proc Nafl Acad Sci
. USA 1992:8%(17):8366-70.

20) Recanzone GH, Merzenich MM, Dinse HR. Expansion of -

the cortical represé'ntationl of a specific skin field in

primary somatosensory cortex by intracortical

. .winicrostimulation. -Cereb Cortex 1992;2(3):181-96,

21) Krupa DJ, Ghazanfar AA, Nicolelis MA, Immediate
thalamic sensory . plasticity depends on corticothalamic
" feedback. Proc Natl Acad Sci USA 1999:96(14):8200-5,

22) Shin HC, Park HJ, Chapin JK. Differential phasic
modulation of short and long latency afferent sensory
transmission to single neurons in the: primary
somatosensory cortex in behaving rats. MNeurosci Res
1994;19(4):419-25, - 7 ’

23) Jensen KF, Killackey HP. Terminal arbeors of axons
projecting to the somatosensory cortex of the adult rat.
I. .The neormal morphology of specific thalamocortical
afferents, J Neurosci 1987:7(11):3529-43.

24) Hickmott PW, Merzenich MM. Single—cell correlates of a
representatiofial boundary in Fat somatosensory cortex, J
Neurosci 1998;18(11):4403-16.

- 236 -



