VANDERBILT

Vision Research Center Vanderbilt University

326.04/G25(G27)

ceomrones < | | | | o | Monkey H Example Session Monkey B Example Session Monkey B Mean Monkey B Example Monkey B Monkey H
Behavioral arousal is reflected in a continuum of cortical activity profiles L , o _ L ] .
Awake . . . o PRI Distribution EVP as a function of PRI PRI Distribution EVP as function of PRI PRI Distribution EVP as a function of PRI Session n- Mean n-u Mean -
that vary between high frequency-dominated desynchronized activity (N=602) (N=566) (N=3920) ) ) )
r and low frequency-dominated synchronized activity. . . .
R oion Anenty Y y | * . MUA Difference Difference Difference
I 807 — — —
Accordingly, one can quantify cortical arousal by determining the 00 _ | 2000/ o &l &l 102
General . . . g 300/ ii 300, 407 ' E ‘~"3 § § §
P oo relationship between high vs. low frequency components of neural s o . 3 e SES— o o o
g 200/ | S ud 5 5 5
activity (such as with the clinically relevant bispectral index scale (BIS)?!). g § | 0= 1000/ a g g o v v
Dee : 100 g —= 8 8 2
Anesth?esia 1007 i 401 0 T e mEEE R ”';’t ———— S S 0 S
S Does the state of arousal affect sensory processing in 0 04 02 0 02 o 100 200 %08 06 04 02 0 02 o 100 200 %8 04 o0 o4 0 10 200 S e
. primary visual cortex? PRIValue Time (ms) = S
Desync <=—p Sync Desync <=—p Sync Desync <=—p Sync &5 ;A__._/..:
EEG fraco . . Desynchronized  Synchronized - : 1 i 1 . _E_ N " =
Desynchronized ~ Synchronized VAR Doy v bt hebiduid EVP magnitude increases as cortical activity becomes more synchronized. £33 T
£p 24
W e R—
. 0 100 200 0 100 200 0 100 200 0 100 200
Time (ms) Time (ms) Time (ms) Time (ms)

O W 56 |/s O M 43 |/s O 0?2 |/s O s 108 /s ] Synchronized
Worrgotter et al., 1998 M k B E I S . M k B S . M Monkey H Mean . Desynchronized
Desynchronized Synchronized . . . . . On ey Xamp e ESSIOH (N=2) On ey ESSIOH ean (N=14)
® o i The receptive fields of neurons in feline visual cortex Oift (N=16)
- - Supragranular lterence Supragranular . of o
\ ! . .
S are generally wider during states of reduced arousal. EVP 15 (Sync-Desync) EVP 100 Difference _  Difference _ State dependent modulation of s piking res ponses
% . . W 10 E 50 el 15 2 . . .
o oW, One model suggest that the shrinkage of receptive T 50 g o 3 3 increases with cortical depth.
LGN SN 0 5 g s
fields in the desynchronized state is due to lateral = S — — 50 ‘ | = 50 | | = =
. - . - A © ti" 0 100 200 v — 0 100 200 o v
Retina @ ® cortical connections and corticothalamic feedback?. 0 e Granular 5 —_— Granular 5 s
""" S . — 100 S 02
- >
0 %———-Q\___ 50
What are the mechanisms by which arousal modulates cortical responses? = -~ — N&
© | ‘ 9 50 ‘ \
To answer this question, we determined visual responses within the feedback and feedforward layers of V1. o 0 100 200 ~ iy, 0 100 200 Cortical arousal is promoted and maintained by a widespread system
. 1 Infragranular N Infragranular . : . , . . .
.5 & 100 that involves the reticular formation, aminergic nuclei, non-specific
- o .t \
£ e /\_ >0 nuclei of the thalamus, the hypothalamus and the basal forebrain-.
Y Rt | ‘ 0 | 0
o B L O 2 S0 o0 00 O % U om0 O e 200 P rimetme Y P rimetme Y The transition between desynchronized to synchronized states of
Local Field Potential (LFP) ntra amlnar rECOr IngS 0 .. . . M M- H M
Two macaques (B.=7, H.=8) B Synchronized B Synchronized cortical activity has been shown to affect visual processing as early as S k |
N_ , N_ . . . 26 . . . —» Feedback (glutamatergic)
50ms P . : Desynchror"zed primary visual cortex#®. However, if and how it affects the laminar > Fecdionward (glutamatergic) \
supra- TWO SImUItaneous UPrObeS . DesynChronlzed . . . . . . 7 Harris K & Thiele A, 2011
granular V- l . l . mlcrOCIrCUItry IS an Open queStlcn .
P C@ v isual stimulation:
~ \ i Full screen: 44.7° State dependent EVP modulation is most pronounced within the granular and infragranular layers of V1. ) Our results suggest the following:
_ White 50ms flash (325.2 cd/m?), “onan TERMNATION onn
s gollowed by a 1s black screen o900 = *0 | * Increased cortical arousal correlates with decreased
wie (0.603 cd/m?) S visual responses in primary visual cortex.
— 100 uv %
500ms . _ .
All results convolved (Gaussian, 0=35ms) for display. * This state-dependent modulation of neural responses
i o s s
Band-Limited Power Both Monkeys Mean (-39 Monkey B Difference CSD ——— is most prominent in the deep (infragranular) layers
(FEEDBACK)
Raw LFP 0 50 100 Hz W Time-Varying PRI St L) * The initial thalamocortical input is already affected by
: p— a H
. | j ) Sync CSD Desync CSD — Difference CSD Example -2 Mean (-1 the state of cortical arousal
% - _ W\?W\w Felleman DJ &Van Essen DC, 1991
> | _ _ » 600 600 ; 150 500 -
i /=y LR WOLER L LE
j . 54 £ £ £ £ £
I N -Synchromzed -Desynchromzed - L:".‘ E E ' .l i E E E
0 50 100 c 5 & o o o o o
S5 & ¢ ¢ ¢ ¢ ¢
We devised a novel index for quantifying cortical arousal that allows for classification 7w g o0 o0 0 %
o _ a y g_ I a8 b | MR _“_ ‘.*" R B_ [1] Sigl JC & Chamoun NG. An introduction to bispectral analysis for the electroencephalogram. J. Clin. Monit. 10(6):392-404. 1994.
LFP I? f||ter§q into to low (5-10Hz) and !’Ngh (30-100Hz) freq u§n§y COI'T.\ponentS- Each F P> . 2] Worrgotter F et al., State-dependent receptive-field restructuring in the visual cortex. Nature, 396:165-168. 1998.
band is rectified, convolved and normalized. Then a power ratio index is computed as: = [3] Miller A et al., Does bispectral analysis of the electroencephalogram add anything but complexity? Br. ]. Anaesth. 92 (1): 8-13. 2004.
. g [4] Felleman DJ & Van Essen DC. Distributed hierarchical processing in the primate cerebral cortex. Cereb. Cortex. 1(1):1-47. 1991.
Power Ratio Index (PRI) = Poweriy — Powerng Desynchronized: PRI<O | ---=- S A 1 Tl B [5] Harris K & Thiele A, Cortical state and attention. Nat. Rev. Neuro., 12:509-523. 2011.
Powerp + Powery, Synchronized: PRI >0 . & [6] Livingstone MS & Hubel DH. Effects of sleep and arousal on the processing of visnal information in the cat. Nature 291:554-561. 1981.
E 2 [7] Stoelzel CR et al., Stability of thalamocortical synaptic transmission across awake brain states, ] Neurosci. 29(21):6851— 6859. 20009.
Both Monkeys (N=30) £ %
5-10Hz 3 PowerFastSlow (BIS)3
- 3 /\/*W\Wm ‘ ‘ | | ‘ ‘
5 r N 0 100 200 0 100 200 0 100 200 0 100 200 0 100 200
§ g WWW WOrrgOtter et al. Time (ms) Time (ms) Time (ms) Time (ms) Time (ms)
5 ; PRI o ege . . o o . . . . .
The initial current sink in the granular layers as well as subsequent sinks in the extragranular layers are of greater  The project described was supported by the Whitehall Foundation, Alfred P. Sloan Foundation, Award numbers P30-EY-08126
- & o t d h to I to o o o I f d o t d h o d t- o ta t and P30-HD-015052 from the NIH, NSF Graduate Research Fellowship DGE-0909667, Fine Science Tools, the Vanderbilt
= 100 200 magnl ude when corucal ac “"ty IS IN a IowW- requency ominate (S ync ronize ) ac “"ty S e. Vision Research Center, the Vanderbilt Brain Institute, and the Vanderbilt Center for Integrative & Cognitive Neuroscience

30-100Hz Time (s)
High Frequency Band




