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Order of the MS  (File 4)

(1]
Conditioned Refles 244+ Primary (1st, sensory) Signalling system

Secondary (20d,linguistic, language) signalling system
Unconditioned Refles #5455+

Conditioned Refrex  CR:

The first (sensory) signal system

Concrete, direct stimuli, being considered as conditioned stimuli.

The second (linguistic) signal system

Cortical functional system, language being considered as conditioned

stimuli. The language is a signal of direct conditioned stimuli.

14 ) 8t conditioned reflex

ABBLUEFEHM BN T ARORFANREIN T, REFEEFETHORIBMERIGE
PMEEGLTHERESN RS, N\—TOTNROERTRELIZREK T, RIT—FEDEFZEMNMET
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REDHLHELIICEIZEL, FLOHEBRZNLTTRICHIBEZGRFHOHRIIZZA OGN, EBE
BRI (EHITEEY DK TERFRENEZLDTHSE, FHRFIBEHREZLELE
LTHBSh. ENERETEIERODRFATHS. BRRICEVTHYICE>T REDEREN
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MEEFITLBILEA>TEH RGNV EME. BEEL, FEZGERHNIVYIRELEREZ
LDEITGS. FRMBERDFAZIRFOELIZRGLTEY., PREARERZLOBMEIIA
TEHBERFEMRT DAREZLO>TVDIN., TOREH THAIKMDFZ L, KM RHTDE
EICBELTWNS, N—TAT7ZROFAEICENIL, HEFHERFNHITEHE. RED DR
BICEO>THRICRPMNERT D CRIE) . RERIBLTERYRLTEIBRBEH-ZRE,
DWNNIEEHRSIIHEELTDCEE)  HERRRRERIC<H IS EWSBENELHIEIC
&5, BEIRIL, FlEAKHEAERICVAENDIEICE>TETSH, TDMELDER EREREDIFERA,
N=TOT7EZDFROLEHLGRARICE>OTHILSIN -, FUHRFFDHEILIZE-T, AHBE
UEEHMOLEBERERERREBZNICHRS EL VoI, FLEHRRET, EENE
BRIBEGH>TEET IR RHZERELTHRASNDGEEZON TS (-ESR) . FHR
SPEEFMHRREDHRISERASN. BRRAEICDIEASATLS, ~ & E5 R

BEM RS EEH RS

BEUHRSIEYDREICEL. FERFZEEKICEI O THEREND, KERHFITEMEIREE
D—HHFEETHHIN L, BRDETBETESIN. RESNSILIZEIoTRIESN DD,
REMLEVONLBNTRESNAEHZTLED 208, RLBEOEHRFAZEYRL TS
HAHLOILBRENAFEETHHEICIE. REMICHI->THE/FEGEL. EMMEOLENIZZTD
RIFZEZRT IV =5, THEHOLEBINEREADBEICOLAMNEEL, EDEIZEEIND,
EHRANESERICEREL. ENUMDOEZUERFELLSELIDTHS,

B SRS OTERRIC & > THER S 5 —oD Z L ITHIEO/NE REREZXR$ 5 2 &
Thod, EROFERIZIAVIRITIEN R GEICZORNINED Z L0 5, 1ZLDIT
IXHRE S — R 72T TH L ORI ORI e 203, & L1722 SRk d 5, 7=
ERXEEREMHRNEE L TCRERN AR T D L. ZLDNANAREL S - RE A b
DB NI T2 —RRIRFRNRC 22 203, —E ORI D H 721 & > TR O Z >

SFDH L, DVICIEEOREDREEZ L OB NEMRELE 220 | T OMoRE %
HLOFIXER LKA D, ZOXICRD I EEFIEASETEENIDTHD, ZD
HMEDOBRRERET D720, BERE L THOXTDZ ERB I biviz, - & 21X IEE% 500
DEZFEMERIEE LT, ZOFLZMIETHAELEZ DL VW) ZLEKEL, ZOBEZHIT
(EMEE W D &V FRIERFEZEKRT 5, 0 ETIALIE, IRBBOLN ) FE
FET, ZTOEIITFEHERSLRWNWE W) T2 RIET D, (ZLOD D HIFERIZTED



LOEBEZBWTHMERE SWT 508, LI EE2XET D&, IBEEK 500 OF2/< &
WEHE 2 W T B0, TEMNLOBFZHWTHEMRNB IR RD, 22 TEbHIZ, ZF
DL DOF ORI Z T2 A T2 A & RIFRIIRIE ST T < & RZICITEEEL 500 OFICxF
LTI 2 2 0MEEN SR 498 OF I3t LISKENEB Z vk v ) & 2 A F TR
WME b T DItz EEBRMEITR TS, EHE Ko 72l H R X iz &
WD ZOECLGERILEREO—FEH1IET 5 2 & & Tkl v,

FAE B DIFFE S 405 AR 1. AR OISO B 1 OBEEEIC DWW T D Z & I1ETE T
B KMOBERBIZ OWTIRIZ & A E S BARICIZEN S Z &N TE R o7, DT DIT,
DO KIMD B DD 2 YIRT D L HIBEICEENBZDE VI Z LafiD LTk
ST, KRIMO—EDH R —EOHRREBERPEH L Z EaHEL 5 DITE EEoT, FKiF
R OBFFEIC L > T, A& TEHNW TN D KIMO R TEH Z RO TV DIRIZA 2 72 HRe

To b ZIFERO WL NS KO RMETEHLOXWMLCHIET S Z L NABRICR T,
RICHAZ D D% TIRICAZ RN DEMNETE DL IIT D L0 T LITR RN
HHEDOERRESTH S,

Sechenov described in his book “Reflexes of the Brain” that all actions or behaviors in
our lives, whether conscious or unconscious, can be called as reflexes in a broad sense,
and that psychic processes will cease when sense organs stop to receiving stimuli.
Pavlov (Fig.25) regarded the year 1863 as the starting point of his research when the
book of Sechenov was published. As the fundamental principle of the conditioned
reflex theory, Pavlov believed that "no actions exist without causes, motives nor stimuli”.
He considered that every neural action and every psychic phenomenon has actual
reality of the objective existence, it can therefore be explained materialistically through
objective physiologic studies. He defined conditioned reflexes as reflexes of living bodies
acquired in their individual lives, and the unconditioned reflexes as innate activities of
definite reflexes, non-dependent upon the cerebral cortex, genetically/hereditary
unconditionally fixed, and most importantly these are bases of a variety of behavioral

reactions which are formed as conditioned reflexes.

Conditioned reflexes are classified into two parts; the first or primary and the second
or secondary signaling systems. The former signals are perceived stimuli directly
coming from sensory organs, whilst the latter signals have unique characteristics,
bearing indirect nature of signalized signals. The first and second signaling systems

are also called the sensory and language signaling systems.



The fundamental principle of the nervous processes occurring in the cerebral cortex is
apparently common in ape and man, although the cerebral cortex in man is far more
developed and highly organized than that in ape. The enormouse development of the
human cerebral cortex, characterized by immense growth of cortico-cortical fibers
connecting sensory, motor and association areas, including linguistic areas, has been
caused by using tools for hunting and farming, labor for production, and communication

in the society.

The relationship between the association cortex and the second signaling system
(language signal system) of the conditioned reflex will be considered below. Animals
receive sensory stimuli first in the epithelium of the sensory organs and perceive and
recognize the information in the brain, the highest analyzer being in the cerebral cortex.
Generally activities in the brain become more complex and refined as impulses travel
through crossing over synapses (by means of synaptic transmission), thus shaping the

brain in evolution.

In monkeys, inputs of somatosensory, visual and auditory systems have been shown
to converge on a certain area in the posterior association area, i.e., the cortex
surrounding the superior temporal sulcus (STS region) (Jones and Powell, 1970). The
same is the case in cats, showing that the same kinds of inputs converging on the cortex

surrounding the middle suprasylvian sulcus (MSS region) (Kawamura, 1973a, b, c).

The organization of association fibers that converge upon a certain region in the
posterior association cortex is shown to be surrounded by these sensory areas of
different modalities. This leads to the development of highly advanced areas of
recognition, assuming that corresponding parts are present in man which can be
conjectured as a highly developed cortical area from the phylogenetic point of view, i.e.,
the primitive linguistic area in the posterior association area (Wernicke area).
Anatomically, the STS region in monkeys may correspond to area 39 (angular gyrus)
and area 40 (supramarginal gyrus) of Brodmann (1909) in man as it takes similar or
analogous location in the human brain (Kawamura, 1977). The developmental stage of
this process can be considered as the transitional stage from the first signaling system
to the second in Pavlovian terms, animals communicating each other by using socially

defined signals.



As a means of communication, we have languages by showing gestures, and by talks
and letters different from the levels of simple emotional expressions, in which reactions
or a kind of reflex movements are expressed unconditionally. We can hardly think it
the same in essence when information is conveyed by crying sounds in emergency such
as "dangerous” or “be careful”. As the development of the language shows for example
in higher primates, repetition of emotional expression and gestures in life generate

common rules of understanding with particular signs in the society.

Namely, communication or transmission of thought and ideas always accompanied by
recognition and emotion, the latter being supporting underneath. In the human brain,
there are close relationships between the cerebral neocortex and limbic structures,
which has been demonstrated scientifically from the standpoint of phylogenic

development.

Gesture languages can be seen in the communities of monkeys and chimpanzees, and
also seen at the initial stage of communication by using novel languages, or in the
conversation among deaf and mute persons. Although each has its own condition,
signals by gestures have common significance, transmitting ideas or concepts by means
of body language. It indicates a likely possibility that general idea/representation can

be transmitted among individuals by using gesture.

The brain of ape can discriminate sounds of different frequencies, but can hardly
understand the meaning of spoken words lacking emotional tint. There are indeed
qualitative changes in the understanding of communication between gesture and
phonetic signs. This has been materialized in the process of evolution from ape to man,
being able to form an idea from phonetic signs, and elevating further from the concrete
idea to the abstract idea. As the history of languages shows, the letter language
followed the spoken (phonetic) language. Then the language system has created a new
era of a deliberate thinking. The brain thus has reached the stage in which various
language centers in the posterior and anterior association cortices are in active together

as a whole.

Propagation of impulses directing towards the prefrontal cortex (= the anterior
association area), as mentioned repeatedly above, is absolutely necessary for the brain

to develop into the stage of abstractive way of thinking. Through these processes, the



active center of Broca (so-called the motor language area) has been formed, creating or
adding new functions of special characteristics; abstraction and generalization. The
second signaling system of conditioned reflexes (of Pavlov), qualitatively highly

developed, can be accomplished through these developmental processes.
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BiEMiE (XBMELEIZRBEHE) D=0

BEMIEIC, XRBRHBBLRIRBHENDH D, KBRS HEEHTIRREIC
THEMENHL DEREROL, MEZEH. HEEDOEBZNHT 5. Shix
LT, BIRBAEEFEFEDZERY HRIICHB< DEBIEEY . mMERZTAY,
HILEDERIRBAITES, RBRERICEFEDLENEHICEZEBERIETE4T
THY. A, BIRBERGFO—AIVIERALTIRILF—ZFHE21TTHS,
BERTEIOERBANOBRHE (LI -ERO=21—OV TS T 5, EHLTHI-RHE



RBAFERTRO-_2A—AVICKYIRZ . TOMRRELORE. BE. REGEIC
DT D FRLFTIVESWT HBIBHEICS, FHASHIRENERESHLT
W5, COLSIC, BEEMBEDORE PR THHIRRTHIXRME CERO BEHEAE
BRERHEUDNTLVS,

Hypothalamus

BURTHEIL, NAWHR - BEAMRRORE PR & g S, B, MR - FEE, A5E,
&) 72 & OMRERBUZRWIZEER L T Y £7°,

BUR THINCAFAET 2 A€ U D3N IR OBERE A HilfE 95 Z & A3~ U A [Harris, 1948]
XTI LD THERMENE L, @k, SURTEIZNSMROREHRTHY . B
BRCHEEISUEDOERHO =D DOHF LR THD E SN TEE Lz, KT, HER,
AERY R PEHERE, =X — G, KO RE, IRIRFAE e &L AP 2R R B HER
iz D& &AM, Mg, B, MR SRR T A ARRRITEICEIE O R M2 SICBb 5,
NS (IHOREEDK 0.5 %) (FiLE b, BEARMEETH Y 797, MEHFAICIIHK T
132 < ORI DDA OER (iEZ) 22D ST, T 6 LI LITHRER
HALE LTHEI 2 ERHBINTWET, KRIMRE/IMME 1TE- T, SR FE Tl
DORTF FMEBE= 2 —a U RN EOFRICEERER A2 H L TWET, &2 TEE
PERE 2 FHET T DA RIN W = o — 1 VIR AR, B, SIREE R & OB NICAEE
L. £z ERHEEDONEICKIESE T, fEx OME~TF RN (=220 L7 I/
BRSNS TTF RREAIC L > TR S TALEW T, B4, FURTEALVEY) & FEEPRR
BMMAE #EICHE L COET, T b TEREMARR Z /T LT BEEMRIC@ < 20T Thr
EFEUEHWSEET,

WMARIEIZOWTHIBBDOKICE & 7=, AR EHEZ R R A I DR S 5 B 7
HEAEE L THLOTIERL, BEMER, WDWRE S OTERMERES R L&D TH
HRE LA T TT (I, 2006),

Endocrine system N3 ibi%
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Dopamin DA, Serotonin 5-HT, Noradrenalin NA

Rhythms in life
# HAJ XL
Circadian-rhythm, Bio-rhythm,

REVTFIVICEBBRERIXLDEBIE

B, L <AZEMWNZITE ORI R L LT, AHINES), TR0bikE o 7cHEE
Ho THVIRIND U ALNFET DI ENMOLNTWD, ZHBIETRIWOEE,
NN ASFE S 1 Do, G E W o Tl g sE DA EED < TREY O A M A & 72 - T
ELDHDTHD, MEKEICAEFTDEWT, HEKOBERIZL S 1 AOREIMEL WS PEE
BRELICS b S, TORER. K 24 RERE O S 7 2R L, (RIS Z OREH5E
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IRHEAE 2 BAYE LT,

FEE, EENICHFET M 7 1 77 M2k, #IEROBERIC LD 1 B OEEIE (h—70
7 4 7V, circadian) . #AD T K D H O FWIME (Y —H ¥ A X)L, circatidal) . H D
HRIFICE D 1 5 AR (F—H /1) —)b, circalunal) . KGO AHRIZ L 5K 1 HEDJE
WitE (M —H7 =27V, circannual) 2355, EVMOLEMIIINOOFHERICS LI
THHIZE-> TS, BRY RLNZED—>T, ZDOAEKY X A(biorhythm) 23K 72 & D
A XD F0300 b7 < WA I TICEFDOEE 7 U —F v (freerunning., H Ak
BT DL, ROWIFRIOGIZTNT, 1 AOY XL 24K+ o (77 7=4—5) L%
ZERHBRTWS, =T 47 U X Alcircadian rhythm, #EH U XA HNZESE) &
X, 1Z1F(circa) 1 H(dies)D U XL LW BERTH D, DIvbiE, KRRER EDBRED
VIFINVERANT, BHZOALEBEELTNDLIDOTHD,

FRREtOEL N EEE

2OV ALOFERLE (V=R b—F—) [ TENEGEE W biv, HFLE TIXFMORTHR
TH, R XOBEMIZE “MEL2ATHEET 2 O, XX E
(supra-chiasmatic nucleus, SCN )R ZITH D, £<IZT7 v FTHELIHARLNTWD M,
SCN (7 F R & 7+, BEAMAES 21X VIP(vasoactive intestinal polypeptide, Ifi.
BAEBIEIGE =7 F M, EHNEERIZIE AVPORY 7 Ly & )M RE L T\ 5,
SIBOEEMIBOERET RO T b 2HEOMITR R D REHEEIC LV EREI S Tk
D IREEIL HALD 2 DDR— R X —J7—78 SCN PITENLFRFRINICTFIET D &L E 2 bl
TW%, £L T, fMRMAEMDOL v 7V 728 ->T, U XLDBHEES DO TP
RAEAZ SCN EFfo TV 5, L L., U XAREILME~ OML L~ TRl (cell
autonomous) L T\ %, AJJ5R & LT, MRCCOMABRIRIK (7272 L X NPY & #hR)
725 SCN OEAMARTIZ YL & I OIFHMAMBE S d, 1158 E LTE, VIP A FALE Y XA
S50 SCN 725 =% F#% (subparaventricular zone, SPV/SPZ)IZA5H Y | % Z b RIFEE
(PVN) REAMIEZ (DMN) (RS, S 62 BRI WSR & & Tk R iR
2B DN Z TG LT ATEN ) RARAER Y A AICHEE 52 TnD (24,25 i,
ZMH),

%72, SCN ZMAWEICHIEET 2 L 20U XARHEAL, & 22712 SCN JRAME %
BET 5 & A6 Y ALEEIET % (Sawaki et al., 1984; JIIFf & KfA, 1985),
7w MeRWZ I b DOFBRFERNS SON B =7 4 7 v U RADEREE, H 50 IEA
v L= F— LRI TS, #IER EOAEY (%7, vavyav Rz, 7YY
T 7y M ETHRESN TV D) X, K24 RO EB Y XA TEE L T D, —hF
{47 ZALOERREHT, BAORMR LT THTH, Bk BEsfEH] (24 FEfH)
\Z[AFH (entrainment) 95 Z &N T 5,
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X LEIEF

V=747V XLOREBRICEETLIEEF L a v Pa vy = TREAIN
period(Per)&%“j F 54 [Bargiello et al., 1984] | Z0O%=U FJ w7 R LIZBN
TH Per & IEBOEIESN OB T DIFENH S S 7= [Young et al., 1985], ~ 7 &
AEr—77(mPerl), b hAEE—7 (hPerl) b HEE S j17=(Tei et al., 1997), BIfETILH—
BT 4T ) RLORBNMHE WG 2 7 & LT PER DIENC TIM(Timeless),
dCLK (dClock), CYC(Cycle), DBT(Doubletime) 72 £ 23 [AE & TV 5 [Dunlap, 1999], i
£, BEEPRIREME T (Perl, Per2) @9 5, mPerl OIEEIZOWTIIEANEA TEY |
ZhiZ XX, CLOCK/BMALL O~7uX A<=, ZOBBEFOTaE—F—D
E-Box(CACGTGIZfi & L, Gt S 4L, Zhay PER, TIM, CRY 2 EOEAEZ
NTHRHTT 47 « 74— KRy ZIZEVEGMHINEZ 5, 2oL, WILBEICHKT
% EYREEE ORIRBIR T & 7 TR I OWD TR e tEA TV 5, FEL < IEflE ([
. 2001) ZZM SN2V, HIERD HEEOARRIZ K 5 KGO Y XA 372050

DL T TS, HER EO AW IT M AEY T 6 MRNICIEER 3 2 WERH D H S
bEoTRY (A 270) 2L, V ALZ2REDLTLILRTE D,

F{o&H%]

TIRRRE R 2 VBSOS, T2 2IER ADOARDIEDRAICA LD K 52, 4
FICBE DOV RLBeL 2o lefE T ChY— T 0 70 U AL ERT, WL CIIHER

\Z o 7256 0 B | AR PR T 3B 4h#% #% (retino-hypothalamic tract) % i@ > C ¥ PN A PN F
FHELTYI XDV 2R L —H—Tdh D SCN (TSI, TS AEWRFHOFHRITEE D
B & A S T EEAEMRER A TR BRI 5D, BETIIRRES S oEE
MR ZSF, 220N Y XAICERT 5, 150002 SCN O AR AR (pineal gland) 1%
KREFEFE LTO U ZLEEEAH STV D, BRERIEA  F—AT7 I D—>ThdEnR
=V DIRHFEHTHDHAT F= « BRIV EHWT NSRS L TEET, SCN (&
IXVIP | AVP Ofh, Y~ hAZF v =277 7 ) i ELEOMRSRTF RBfFEEL T
W5, ZOXITHITHET DMIENS DIFRITA T =2 LW S IRIEFHRICESIL I, A
7 b= FiMmiR A 8 Y I & 2T, Rk S (25 i) MEALEY (LHRH 72 ) Oif
Bz fE L T\ 5,
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# EEREEEEDY X2 Sleep-awake rhythm,

MNRtsEE N SRR INDORER - EL—KRHNEEDH:E

BHY XL (V=TT 47 VXL, WY L) OMIHEFES, AR, Rk, JE5R72
FEZIC L AMENICLABEMRRVPEEG TS5, 2L TEOary tr— L FIZHb4E
ENDOY XL ZLAFHET D, 22T, EREBLEEOH 5 ) XL Th HIER - TEE
URXLZERY LT THD, 1EOMBEAERY Zhitbh, Z2OHEAETh DM FERIC
URXL%ERL, N EER R RICMEL, EEoERZ L0 >0, R R DR
B THDHMEBTHEICAERSEREZRETHEEBNY XA0® 2 —BRETDHE IR D &,
ZOFEEHOTZRLF—EIIRERLDO LD, L, Z< OEFHEEYOEIRMEZ L
LTCWARWEREY, 7205 KM EOREL T RWER, WAFHD L~LDIRY
IR TFAAREIR ) ([CEE->CTh 0., M EREIR S R TE D &) RERICEL T
Wy BB NITHEEHR U X TR AEICA T, ERTEEY XA KXY $13D 00 _Eb\o

EARAERICRTH, B FOREIRO N > HEANICZE(L L, SV ENTIIAR b2 240
PEREIR (OO BAR> TW D ETZERDIREE) 725, @ﬁ%@%(lm%L%T&ﬁ@ﬁﬁﬁﬁ
AIZ 72 0 | 4 R EIC I H FIERI I 7200272 0 L 6— 10 BRI T TR O A DO REIR & 72 5)
ELT, AEMIZKRDIZLTER > THRAESIND, £ L TEFRMIZITIZ OMEDEAL TEH
PEMEIR O 23R E 5

HEAR I TAR RIS B O IR Tid 7 < . MO 7= DICHED, FEEIRYZR, A (RBHEIN 72 A Bk RE
BT D, EMOEIZ ON THRE Lo, iR E) GRan, P, i & olE
WALER) 24772 9 X< KRMEEISHT L < b o7z, BAIMIZR L SKRET 5 & 2 B
Thsd, 2ok, EEMICR T, MRITAE (32 &) THAELIIZ (DEuP‘\]O)é%
ﬁﬁui@fﬁ%éﬂéfﬁ_ﬁ?47/-JxAJ& @K E D F7EIE D 7=
WL XNHMEROBELEIZE > TR END [RAFAZ A ENbBE>TWD, £
LT, ZAUDITRZAURAFIERS K OWFZIEIKAEE & Vv o . “HOBREEIC L > THE LIS
Tn5,

\\ll& (H“'W:J—Dyo)%ﬁ%ﬁ)

DIVOIVTIER N DIMOELMIEEN ., 3L <X, MNOBEO =2 —n v OEXIE
LD ECT-MREABAOESTH LMK ZEkT 2 Z LIk > THOIEENREZ D
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:&ﬁf%é AS AN ﬁ%@%v«w (R LTI OTREI DR 2 R 4 912H 5 K
IZEBN T 200HTh b, W ORI CTlX, OO E2HK 0.5—30Hz DFifH D
ﬂ%ﬁf 5—300pV(~ A 7 )L MEDBLEOLEE 255, MK EOWIZE o EREK
2L - T, B#(18Hz<), «%(8—13Hz), 0 (4—8Hz), 6 (4Hz>) T, Bl
B, O - S WERMRIE LV,
(X4 9)
bR H Ol 2 DERFEIZ 31T DMK & 7n 33K,

REE. fRIKEER (/L LBEER) . 3 50 HEAR (L LEEAR)

ERCREEDZEA L, TRbBREE EROZ(EZO TEE (BfE0), @ WRiIgHER (/L
AMER, NREM or Non-REM, EtRET1—1V), @ Wik (L AMER, REM) © 3#oV
ABZHT T, ZnERY 777 ki, BEOELEZRHOBEKHRE L TR ENT
X% (X4 9), HEZRKATIE., /v UAMERE VARERARZAEICE DL, W& AGHET
90—100 DY A 7 (JA#H) Zb-oTH#HDIRL, —KOMERZHMEL TWD, ZOk
Fe AR TRIRERR 2 WA~ 2 BARMED U X AT — R =7 4 7 ) ZAAICEGF L TWD LD
\CH R DM, BEOERBMNERE LD THD, JOSWHaEdTniE, 4mnits
T 5, WEAREEEZFFST-ME U XA L L0EWEY (BAY XL) #4500k
TREIRTEE Y XA LT CThH D, L AMEIREEC, QUHIREKIEENC PGO A1 7 (1E: &
) NBIZEIND Z D& 2T, IMEMERAEN O - EH e A RE LS, 20
BUEE (1FHR) 25 KIMECE O EICENE L7210, HRECTETE BN O ARBRITIRE L
TRLENTEE SN T, EORNEREKR SN D & TV 5 [Hobson and McCarley, 19771,
J v L AR & U A REIR & (b U T2 BEIRTERE 2 i 2 TV 2 s FHEE) Tk, £h 2
BRI H%ENE LT D, WEOWEITHAEMEN T, /v b SRR E % Sk
L CEOMRELZEE S, L AMERIZEOMEZE (LI T D, ok, HERTEFE O
AT = ALTE L TE, KRR L OMROMBEMIRERICSH 5 —>OWER & 5, HiE ILHE
IRWE IS L&, BHEICHOVWTIE, /v L ARERO P IT PN, &, T, LA
HEEAR D FA IR I & < ATHLR T30 & RTINS RIS R H Y . Lnb £ D% 2 O RN R
B A &SRR EE A R L T D & B X b TV D

]l RURIREKES) (rapid eye movement, REM) ASMER th D B 2 B RN e nY - 7
HIRZ D, TRV AERTSH Y . FIEROFHRTMEE L, Ik - Bk - ER EDH
AR EE S AR b T 5, T72b 5, 1TEICIZMER TH 5 DIz, K OIRY 137%
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< O EbAHLN, [FEAL] NOEREBIZEVIREEIZSH 5, L AMERFIZRHEICEL DI
HFEG L LT, M AMEIRIE S (BFEHE, desynchronization) L. HLHE /<0 LEE
AT EBIENE L <IKF L(atonia), M oMo niA b5, ZOK, & b CRAMIL
MEEZFHANTHD &, WEHEZPPN, =2V AfEiE=a —a o 25T, %M. 38 i),

MR PR S X ORTEE R Al e & CrbiiEEN 23 T0E L [Maquet et al., 1996], & 5 IZ1EH
il DAL & LCix, #%Pons) — ZMAlE K /& (Geniculate body) — 1% A %E £ ' (Occipital
cortx) CEIZR LN DK (PGO A/31 7)) BWHBLLT 5, ORI b, LA
MER H 236 1T 2 FRIRTEE ORGP E O HBLO RN 2 STV D

] REIR & FRNE (zif-268E (5

BEIR DBEEEIC DWW T, BRSO W R & DS (REERE & OBTE oML, EIRIE A
#@K%E@ﬁﬁ%ﬁA% fir LECIEZ [EE S ¥ 2 & Fhiv T & z[Jackson, 1931-32],

o X olz LT, MERPICHORFLESEEL S, PRI EENSMILINDDEAS I D,

%LT%@ﬁ\E@ﬁ»ﬂﬁéﬂk%ﬁ%%ﬁbf%ﬁb\%%@ﬁ%ﬁ%ﬁﬁjoﬁﬁ\
I_Aabid, 7y MEHWT, RERICHES TRIIBROTP) 2 - S¥#%, il T
fLZ 5 U AMEIR E COMNT 211-268 8in+ DFBRNEF /M T ECRAIRIZER D B il
HT L, é%’ﬁ@VA@ﬁIHV%PA&@ﬁ?5KOﬂT\%®%ﬁ%éﬂéﬁﬁﬂ
BEEHETER . IRV CIRPER TR, B~ & Bl 5 Z & %75 L7z [Ribeiro et al., 2002],
W%%EBL@%®ﬁwy?A-vﬁf»ﬁ%ﬂi5&%72%@&&WLT%EK@O
—IAVEIZ 277268 BIRFREADFEIND T LE2BZXDHE OO Z O ITHE DB H
B~ L RREN R S AL, BEL SN D &\ ) RHIREEILOMFED 537 A B = X AIZDW0
TOHWRRREEEZ DD ThD, £z, HEIREGEE OBEICOWT, BERKFR2
PR OMEE (FEHE) L ARIRIEIROREL OFERN > T 2 AT E T2 LA TV D
Z L & f15E LT < [Miyamoto et al., 2003],

NITOJDEERSER

MERDO Y AT EZTEDLIITEENDIDTHA H 0 2 EWITIEERFICIT TREE] L
TEV., IHEERFICIE THER | EPESIREEICR D, 20X 9 2REE L EROKRIEEZ S D
72 AR A AR I O & 22 50 A 5 0v 2 B THEIRAFHE 1220 T O
DHHBNTWD, L3711 718 LAUEKRINEE 2 FF @ o iz iﬁ%& JRTERY 72
TR COBEIR PAIIAATE L7V, BEIR ITHLFH TR 0 IR S L 20 H 2 WITICBRIEZ & b
) BEORPIC L > Thl &R &b, £ U THIT, BTG & MRS W EE D = 0%
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RO A BEE UGS, MRS OTESImS]  — AN (7212 k)
EWVIS—  BRMEERRIZOA < JEH UM IZI L ATIIRRE T, 897 L7 KIME B %t
LC [8E — Ik OBk Z AT 2% ) ’bdLEXT, TLTZOMENIIRED L
ZICTHRAELUKET S, 29525 L ZOMEROMEILY X ADOBESLESIH N
TEZDEV I, EFL-~VL (BWE) OZBOMEE ORBENEER LD LR->TL S
Lol bbb,

HEHSEEEHET

EmOMEL EmE > TIRY L5 Z LIRS 722 L TiEhvy, 22 TH-> TV D RER
WX T DB TOEMRIL, ML~ LOiEEREDL2 REE] LLOFETH L,
DIZERD TECEM OXHIRLV b e, MarsitfETcEx 28 (=t ~) 234
HECETAE LTWD Ml 12k32 TH) T3k OE#EBS LOESB LW &b IIS S
oA, AISREERZE. & < ICRMEERTE AR Z S BEGT2fEOMEE 25, 202501
UL DORITALE T 5 EFROHFPHILIA < . KA kRR 2> & KIHTECE T 5 IS BETE B o pE
e L TORMIEE 2 X2 T\b, T7hbbiEE, B, BERE2lrsETndbo,
UM Z UL O O 2 RN Z T ED . N =2 —8a > - Xy U —
7 EME LS, FO@EORREE L THNTZEROREN Z N2y =5,

SE15(1996) X EHIT AU T BV AHED B BV AMEDIEIT, D 357 & 72 % Bk G
B . arousal or vigilance),® W L~ULOERT - EEHRIEFR (77 = 7 X A, awareness) .
@ EXHCE, (self consciousness, HCIZMD ) Fm7e Bk, U I — o 7 72 &,
recursive consciousness ) D 3 ODDEEMEIZSITTWVWS, TNETEL L THESR, W
RERBIIARAETER LM CTELEBROL-YLT, @HOAETRICB W TR 178 (E
) AHEOSUNREED, RO E 5 @O BB L, = hid TR ARMEE (L) 7,
1973, OFE_MERET v v 7 | ik, 47 Hi, Z) B L O—RKIEBEF £ THREL ZT 728 H
HKBELTHALTWDLDIZHIET D, 612, OQBEE#E DL, BEELLDME
WALHE - FERERAERE IR BAG- L, Zhudthe & ol A U TR I D NI F A 7P
BEOLOTHDH, ANITHROEDNZ2ZDEFERBITCWEHMOE L 1TES> T, i X
MEFREIZ) BRI &0 TR ZIHET 5, AisEEA @)1 CTH BRI HHE
AT/, AR 5, 2 LCAE 2 /E8 S ¢, Ao 0OEEZRET L2 &
DTED, MMOEY L ITIREMITED . AROKRENZ ZIZH D, ZD L5 72 NHDHE
By - BERAIEENT, BRITH L TOAR LS, HEFET LMo NMICbmiTonsd, =
DOHRRCANENCKT 2 HE»T)] Nala=r—Talrbts5bnbdt0ThH, ZOH
AT AMER E ORBBRTHMIN LIRS LD TH D, Bl MEIIWE %2 i3 5 B
(S EWRROIZEITIN 2 T, FHEZORELOREL LTHLEERT—<TH IV,
ZAIHT D BRI, A 2p 2 R B 2 Ff o T e iz ko THE SN DSR2, 3
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FHMEZ BB ATND,

IO/E0TL—v—DhiRE

T a7 PUANOEIRS R E LT, 1916-17 4FIC 3 — 1 w2 SHiAT L2 RB IR & o
Jibd oM B D ANIRARBERR (T FE L L7 /B D72 E DR BRI A b LI LA —A MU T
OHBE, 7> - =a /) EOFEMEHIT LI LN TES, Thbb, =2/ EF, MHER
EREEO FHITZ N E R TEORRS & %l dH 5] &F 27 [Economo , 1928], i
WD (JEBD) NT U ANELT HT20Is, (BRik) BER & REN L EICHBREDT 5 L0 )
T, Whwd MHEROPIKG ] Ot Th o, £/, NF—D7 L —v—([TRaDK
5 OB SR — I L~ LY U7z EAZBERTN (cerveau isolé) & FERE R Z LIl L 7=
TAZBEWTIN (encéphale isolé) — ZAT72u N, S ORHA T A3 Wit L 72 /i OARFE Tl il
BRI VVRIE BT O 238D 7223, Ut LT, SRR S OREA 2% 7 A bh
LHEEOWRETIE, ER & TEOMEZEZRD & LT, M HER & REEO (LI &
STEETHD Lm0 7=[Bremer , 1935],

EILY—ETT — DIRBRRERER

D%, BNV 4 — L~ T =% O A O LV ORI, & < I HIMHEER A 2 il
W (REROCEBIEERZT) L, HOWIE (ER/SELS SE ) 72 FEREHA
ERER, ZOMEEZ BT F 72 3K RS % (ascending or brainstem reticular
activating system) Dl & L Ca4E L7=[Moruzzi and Magoun, 1949] . = = C. iM%
179 2 ERARE I OMIFI 2> T, A6 OF 2 O IHFRPMEEREICEDY, &6
(IR OBER N X ONE P ERE 2 & Lo IERr R 2 LT RIMBUE 2 JEPLICIRTE 375 &
WO RIS X D REED R AR L7z,

DA JIDE/TIVERER

L)L, TO®%ZOBPTIIFAT 2 Z LD TEZRWV REM IR ER SN DICKAT, £
J T I AEEEIME RN R e —n O E RSN D EOIERAE L S, 7T U AD
Va2 zllkoT MEEERIZEe b= (5HT) fF#itt=a—nr o T, RS X
OWRHEIRIL 2 V7 KLUy (NA) fFEitt=z—aro@xicl s EWHIERE T
2 UELAMETE X7z [Jouvet , 1967, 1969, 1972] . WK FI A TE TVWDHTIEH 203,
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HHMRERR A Z BT L, RIMERBESE LV AT AL LTUE, 2nb 2% (5HT & NA) (I
MMz T, 1990 FEHEH S22 U U (Ach)fEEIPESC B A 2 2 U (HAEBMER SR 1R
BICANRT TR 522 oz /)L 1999 5 &/, 2004 @ iz 2R,

VaT=OF /T I VPUTTIG EALFROM ST E D £ LD ZATBAZR S O T
HLHN, Ty bEHNTINLDOKE =2 —a U NEENDMERESCHRE 2 BEXMIR LT
# NREM MEARS> REM BEIR (I3 L b Z 57, AT THRMICHIT 2 Z L3 T&ER
VY, BR Y XLROMEAR - TEE D X LAOIRENN . 2O KD AeMEEEkA L LT T 5 RETL
THARRITIRFITAER U, R THE— TEARICHREREZ & O WEHNICS ) A L%
EELDDLEBZOLND,

O XY ITHRTEIL, AREREHLE L OOMEIR - HEEORED R A v F o 7 &1T7
WL LTHEASNTWDS, T72205, $URFHAEICH LD THERTX] & L ToEsMil
FZRATE (VLPO) AL HE & BUR TR & 0 IMEr o= TREETHE] & LTOE /T
IR (AT RLF Y CMEOBERE TR, B e b= ORISR, © A2 I M
OFEEFLIARE) . S DITIFHRRRCRIIN IR 27 L C RN RO R iEZ = fr— L
TW5, 2 % [ HB#HEE: (pedunculopontine tegmental nucleus, PPT or PPN)I5 X O
I # % (1aterodorsal tegmental nucleus, LDT or LDN) 1600z 72, BEAR/REE O
HRE DI AN INE M OSSR BN A AL D Z & B3 5 2 S 4u[Saper et al.,2001]
THEIRFSUIZ AL L T D,

EEAR A2 SERARIE T (S X 9 S BA

Vo V=0 LAREIROIEBUZ BT 2R O FAEO M [Jouvet, 196711V 38 14D
BUFE, REIR & RERICBIT DM O EII R ES BB L TV DEN, SRBTrAX T
YU, TT vy, MRRTF REGURERDESSA L U MR R, B ALY I R
RO XD REEPROEMAICONT, & HITITEA ORER - FEEOT T LR OFE
2 EHRPHEA TS, &b bR B B REE & IR O FEEL A b 72 b R
SMEZ DA MRIEENC L 5T, b P CTIEEMICIR> THHIZEEST 2 WO EH U XA
WEAZHIND, ZOMERTED U XAnNE2bNS & #EH Y X AMERRESE, 2 APEIE
IRFEE | FEIMERIERE (2 DWREB) 722 EOfERMABN D, Tkt LT, FEE 2500—3000
by 7 ZADN AR 2 BEERE LT, BE LWIRME £ CEELEOMERZ S 7 F S THA
WD L) TEREEHRE MEfTShTns (2, 2001),

BEORENHZ H L ZATIHE, NREM BEIR, REM BER, REOZNENOREELF
BLEE 2 OIS Z L CODHRMERKAH O . 2O OMBTALOTEE DT
AL - T, HERSREE, REM ERGNREM MERAZHICAELS &S TS, RE
WZIEMERE DT R = a—r IEKRDOIEE 27~ L, )KHc REM BEIRIFIZIE Y < 2 RITTEE)
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wiFl L, a2 CRIFERTLRE TEFAraly AT RLFU s kr b=
E AL I U EOMRIREE N EREREEIZEH LN DTH D,

B, FAICLTHREBEINANLTH DA, I OMEREERIARO 20k L CRMEZE.,
& <A RIEENE [Kuypers, 1958 ;5 Kuypers and Lawrence, 19671, /Myt & < IZ=RTEEE
[Walberg et al., 1962]. XL r[Kawamura et al., 1974]10 5 AL 72 8 E 3 72 ST
WD, TE- T, WERICH 2 REE - MEIR OBRE 2 HER 9 2 X 13, RIHEERRE 76 R
BHE TOMBEROTEIMELAFEL THY . 20 OEMERMREIRN O D AT L0135
LTWEEEZXTEPRIZRLR, ZL T, UEBRLEZNALOMRKHEEZRD D
WHFLE DX AT U TR — RIS I 5 A RTEENIC ML 72 5 720,

Ia ): Diencephalon : Thalamus Various kinds of sensory inputs
NB: (IEOREE T ESE )

Carlsson filtering function fRED 7 ¢ /L% —HEHE
Thalamus O 7 4 V% —EE (AN ZRIRL 7 4 VX =TT D) ZififiT 5
feed-back loop & LT Cx —Bg(Str) »Th— Cx OEIKEZAE L,

E3 fwFoRMIZHT 582 M 2 G

a) FEEBRIIE TS (b) FETRELCETTVLLE

(a) WEFE

(b) R

() EEAERICEITV2ESE (b) FEEMEIIMITVLLE

SCZ Ti Striatum @ thalamus (ZX[9 2 #ifiBERE S BiAmHl s D, —>BRD 7 4142
— B S EEOMER 2B 2T
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Py a BV FERER L IMIE O gamma oscillation & DR, LR - ZHEOKRITIZ O
50msec LAPNIZ ST ?

BT R
Colour fusion test (Utena, Saito) BAE@MET A b

BEMAIZIZI V4L area OHENBEET 55 LU,
R (R) &k (G) @PIY (flash light) ##eld TR 5, PIYEO R 2%k 10msec
& D BRI O BIELL T2 A LT < & EEREE (color fusion) DE A (transtional
zone) NEL., RN TR EFHEDIITTERIT fusion L. EHONEHN 5 (Efron, 1973), 21
23t > b ! Crick and Koch, 1992 234747,
% SCZ 121 control IZ < bR TRlE DR 7(30-50msec) NI R - T (Fa IR
V) RROLNT,
B AR E AR DREIZ, Scz X F 56k E AT MR H 5,
RC7 7 BRI A% 2 7 visual backward masking #HE F LT5 2
(gamma oscillation 2388 H L7202 )
Cf. Sch Frontier of Saito, 2008, p/32or 52. ? Tt T& 50 ?

 Munsell Hue 80 ? Ring, - LED ®REH A A4 — R
XX'ms ‘ OFFSET JASYNCHRONY
REDJ XX'ms |
REEN
—-

ONSET ASYNCHRONY

Diagram of Stimulus Micropattern : Saitoh and Utena used a set of nine
i i een lights, in this order, with their

duration equal to that of stimulus onset/offset asynchronies (SOAs) (5-100 msec)

and as a reference one micropattern of simultaneous flashes of two lights with 10
msec duration.
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#t colour fusion test , healthy vs schizophrenic subjects

1 1 14 19 2v 91 3 4 49 bh €61 6/ N M v Y1 4

2900
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Figure-1 continuous colour fusion function
C.F(D)=47.6—1{9.975—(9.975)e 0.0998D/10+0.7) }2 X ¢~0.01390(D—39)HD ~39))
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Figure-2 discontinuous colour fusion function
C.F(D)=47.6—1{9.975—(9.975)e 0.0998D/10+0.7) }2 X ¢~0.01390(D—49)HD ~39))

Munsell 80-Hue Score (MHS) of Schizophrenic
Patients and Normal Controls in MCFT

Imnsal

EC-hue scare| hue
2s1 [l
100Y
=1
BGY

T3l
E. 0¥
20
ar
=
12vR

=% p<.005
484 . 8 #p<05
BYK
(00 5 10 20 30 40 50 B0 80 100

Stimulus Light Duration (msec)

Inter-individual Variations of Momentary Color Vision: M-MHS for Two Groups (MeanSD)

(M0) | M5 M-10 | M-20 | M-30 | M-40 | M-50 | M-60 | M-80 | M-100

Schizophrenia 472438 | 47.1230 | 455434 | 425:3.1 | 376449 |314238" | 294235 |27.6236' | 27.7¢3.2 | 26.0432

Normal (Nes5) | 476%2.7 | 47.0421 | 46319 | 427426 | 381437 |306:33 |310:28 |205805 | 288223 | 290423
“p<O05; "p<05 (KruskalWallis test)
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Through clinical approach, Utena (2000) observed a momentary delay of 5—10cm
(25—50 msec) in the action or speech of schizophrenic patients compared with the
healthy person, when they were asked to perform a simple test, e.g. examining the
simple reaction time test in seizing a dropping small-stick, which he discovered and

named as “simple psychiatric functional test”.

Utena considered as below :

(D Apparent motion of Gestalt psychology (Wertheimer) tells us that time of one
frame in TV or movies represents 1,25—30sec (33 —40 msec) .

© Threshold value of flicker fusion is about 50 msec.

@ Color fusion test (successive red and green lights with certain interval of time) of
Efron (1973) to be perceived as yellow is at intervals of below 20-25 msec.

@ experiments of “perception of causality” of Michotte (1963), i.e., randomly
unrelated movement of two points can be perceived as having causal relationship with
each other occurs within the event of 50msec.

Taking all these in consideration, Utena hypothesized that time conception of
cognitive consciousness has a quantal unit with 25-50 msec duration and named it the
"moment consciousness” hypothesis, and gave it an important psychopathological

significance.

He thought that the phenomena in which experience of the illusion consciousness
seen in the schizophrenia patients, and that auditory hallucination, e. g., could take place
during the "moment consciousness". Furthermore, Gestalt collapse in the “Baum test”
observed in schizophrenic patients, and functional disturbance of the gating filter of
sensory inputs in psychophysiological experiments are noted to occur within 50 msec of
the moment consciousness, analysis of which being indispensable in the study of “brain
and mind” problem. For example, (D lack or decrease of the prepulse (forerunner)
inhibition toward the p50 element (50 msec positive wave) of the event-related potential
(ERP) of the following impulse, and @ excessive increase of backward masking
(Breitmeyer, 1984) by the following stimulus against the prepulse impulse. It should be
further investigated whether the "inversion of pattern recognition" (Yasunaga) is
accomplished within the time of "moment consciousness" (Utena). If it turns out to be

quite likely, the prospect of unifying neuroscience and psychiatry will be promising.
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Through clinical approach, Utena (2000) observed a momentary delay of 25—50 msec
in the action or speech of schizophrenic patients compared with the healthy person,
when they were asked to perform a simple test, e.g. examining the simple reaction time
test in seizing a dropping small-stick, which he discovered and named as “simple
psychiatric functional test”. Utena considered as below :

O Apparent motion of Gestalt psychology (Wertheimer) tells us that time of one
frame in TV or movies represents 1,25—30sec (33—40 msec) . @ Color fusion test
(successive red and green lights with certain interval of time) of Efron (1973) to be
perceived as yellow is at intervals of below 20-25 msec. Taking these in consideration,
Utena hypothesized that time conception of cognitive consciousness has a quantal unit

with 25-50 msec duration and named it the "_” hypothesis, and

gave it an important psychopathological significance.

Auditory hallucination could take place during the "moment consciousness". Also, the
sensory gating deficit and excessive degree of the backward masking have been
explained as the cognition disturbance of the schizophrenic patients, and these are
phenomena/events occurring whthin 50 msec. Recently, Saitoh and Utena (2002)
conducted “memory color vision test, MCVT”, following Efron’s fusion experiments
(1963) in which the perception of yellow by the fusion of brief flashes of red and green
lights (varing 5-100 msec intervals) enabled us to infer the minimum time required for
visual awareness. Only in a limited interval of 40-60 msec flashes of red and green, they
found the difference of perceptions between the healthy and schizophrenic subjects,
namely the former recognized as a result of color fusion phenomenon as yellow, while
the latter recognized as green due to the failure of color fusion and also because of the
retrograde masking (backward iinhibition), indicating possibly that different patterns of
visual cognition exist between the normal and patient groups in this particular time
window of moment consciousness ; 40-60 msec. He considered that illusion
consciousness in the schizophrenia patients could take place during the "moment

consclousness".

When the brain is damaged, mental disorder appear as a consequence. How
cognitive abnormalities such as illusion and hallucination are formed in psychotic
patients ? Even to the layman’s eyes, it is evident that loci of the mental disease, for
instance in the schizophrenia, do not lie in the primary sensory areas nor in the primary

motor cortex, not in the least in the brainstem/spinal cord, but do lie in the association
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cerebral cortex. Considering the symptomatology of cognitive disturbance, whether
visual or auditory, it is the malfunction of seizing objects as a whole in a gestalt way,
judging the value and meaning of surrounding events or objects referring to the

previous memory.

The visual transmission time from the visual object to the following structures
being estimated : to the retina (20-40 msec), the V1 (40-60 msec), the V4 (60-80
msec), the inferotemporal cortex (80-100 msec), the prefrontal cortex (100-130 msec)
and finally to the primary motor cortex (140-190 msec) (Thorpe and Fabre-Thorpe,
2001). Thus, the transmission time from the retina to the association cortex,
where cognition process is elaborate, is briefly 60-80 msec. This may well be the
time required for the human brain to recognize figures/forms after detecting signals
in the environments. Assuming that the time of perception / conception has a
quantal unit with an approximate duration of 25-50 msec, it can be said that it
requires about 1.0-1.5 units of “moment consciousness”. This can be supported by
the study of Sakagami et al. (1999a, b) who discovered that firing activities of the
prefrontal neurons vary when monkeys observed visual objects, and that the
changes are dependent upon the situations of receiving connotational meanings of
the stimuli. Disturbance of cognitive control in schizophrenic patients may well be

caused by abnormalities of the context processing of incoming information.
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Visual impulses travel in the Brain (unit: msec),
To explan visual perception and "moment consciousness

A <
H'QW* rm'u/d) 190) \

VR \W
O >N
2030, e RN

— og,o;cr 5, N
N2, \
BN
Thorpe & Fabre-Thorpe (2001) \%’70 @’%
Sakagami et al. (1999) Q?;//.)
Kawamura (2006) S5,

As stated above, the sensory gating deficit and excessive degree of the backward
masking have been explained as the cognition disturbance of the schizophrenic
patients, and these are phenomenal/events occurring within 50 msec. Recently,
Saitoh et al. (2002) conducted “memory color vision test, MCVT”, following Efron’s
fusion experiments (1963) in which the perception of yellow by the fusion of brief
flashes of red and green lights (varing 5-100 msec intervals) enabled us to infer the
minimum time required for visual awareness. Only in a limited interval of 40-60
msec flashes of red and green, they found the difference of perceptions between the
healthy and schizophrenic subjects, namely the former recognized as a result of
color fusion phenomenon as yellow, while the latter recognized as green due to the
failure of color fusion and also because of the retrograde masking (backward
iinhibition), indicating possibly that different patterns of visual cognition exist
between the normal and patient groups in this particular time window of moment
consciousness ; 40-60 msec. Furthermore, there may have the possibility that
“Phantom space” that generates “Inversion of recognition pattern (Yasunaga, 1987)”
in the schizophrenic experience is present in a restricted time window of “moment

consciousness (Utena, 2000)”.
In clinical observation, some patients have evident hallucination and

delusion/illusion (Wahnwahrnehmung), while others have ambiguous abnormal

feeling. In the structure of mind of schizoid or normal person, it may be possible
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that the recognition pattern of A—»B and B—A (Yasunaga, 1987) is present in the
moment consciousness (Utena, 2000). Ambivalent feelings develops in the
adolescence and pathological ambivalent symptoms appearing in the schizophrenic
patients may be caused by subjectively deviated feeling, akin to the conversion, of

perception in a limited moment of consciousness not inconsistent with each other.

Bt %7 A M "moment consciousness"

Crick, F. 2827 FH L7z EfronR O&EREER LIToOIEL, 34bb, #EREITRE
D7 7 v 2% 20msec T OMfE L CAHAED LB LTINS,

HIABEH I ~DANT) TIR &k LR I AL D 1T T ORI DS . PN D1 AL BR D IR ]
FEEIZL > TERKROMEZZ T HEOERNELTLLEZDBND,

wmiksns, 5 %8HEE Utena’s Brief Objective Measures: UBOM-4

RCT B RJEHHE) Ruler catchingtest 2L E L) I2X D HMSEE

BIMAIC JAUE, IEF ALY % 10cm (45msec) WV ADITENIIE—BROIENTRD &
N,

g s LT THERIERR] o448 Lz (Utena),
WBEIC B DT ERBNERE > T\ L ZAD, RSO R THMN, EWFNIC D
BEWEZ L OH0 & THIUE, ZIUIHEMHE T ORI ORNDIILWNWEA I N ?

¥ 7 LERPBE O ZE XV B (T y P2 20 MOBEFOREUEE RN OEE)

e (7o z—) EE o« %Ko R B
(ERP) @ P50 %4y (50msec [HiElE) o#iflny (EEHA TIEALNADIZ) SCZ TIi
iz vy,

I Ay FEEMEN : SCZ T MMN OIRMEAME T L TWD,
HLREEBAO — > TIRERTE (ERRE) 2 0F~E (odd) L7ZHIFHICH LTHRND H
IR - AIESEIA 2R (EERRE) 2T 5,

£7-. «DAERE 1 = s E ~ A% v GIRHIO & % D) SCZ
TR Gy, Z1Y B0mseec LINIZEN S, 2
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R D & = DRFERTAI X D SR BUEDHH,

PPI : Prepulse inhibition #ij/ /L A ]
SCZ T prepulse |2 X 2 EASEOSOH OFREE NG LT\ 5, ZHUTEEDSBER LT
W2 W2 AL L L DT R ChH A Z LITEBETH H, 50msec LI ?

SCZIZR 5 fREEL MEEE

Rl &3, —EOFERER M DFREE L TSR & 72 0 | L OFERER ~D
AT ENE ) DHIRS D IREZ Z 5, SCZ THAMIEN RS S 7fiAt,
WELIE, RBPLAMTLPMAE LT, &SI OKIFI K SN TEED
RELIREEN BN D,

A BRMEIER—EERERE O LT R RATER
HPEAEIR—EA G R e KRB R DORERE

Ib): Limbic system KM R:
Amygdala  Emotion [#)

Hippocampus Memory iti&

The amygdala participates in the evaluation of biological values of pleasant or
unpleasant feelings in the consolidation of memory by means of emotional
conditioning. Furthermore, it is well known that there are Yakovlev’s and Papez’s
circuits [put references] which are concerned with emotion and memory,
respectively, involving the amygdala, temporal and frontal lobes, cingulate gyrus
and hippocampus. In the cingulate gyrus, the amount of regional cerebral blood
flow (rCBF) increases in the volitional action of monkeys in the experiment where
they found a new maneuver in order to obtain rewards (Shima and Tanji, 1998) are
involved in the autonomic nervous system, the highest center of which is the
hypothalamus. Autonomic nervous activities comprise breathing, blood circulation,
perspiration, digestion, appetite and sexual desires. These have close correlation
with emotion, activated by the limbic system. Hormonal regulation system
covering the hypothalamus, hypophysis and endocrine organs is under the influence

of the hippocampus and amygdala. Impulses of smell and taste are known to pass
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into the cortical and medial nuclei (phylogenetcally old parts) of the amygdala

(Norita & Kawamura, 1980), which are also associated with emotion.

All sensory inputs, including the visceral, are involved in the autonomic
nervous system, the highest center of which is the hypothalamus. As for
autonomic regulation, there are neural projections from the paraventricular nucleus
(PVN) to the dorsal nucleus of the vagus and solitary nucleus in the brainstem, as
well as humoral influence controlled by the endocrine system. Autonomic nervous
activities comprise breathing, circulation, perspiration, digestion, appetite and
sexual desires. These have close correlation with emotion, activated by the limbic
system. Hormonal regulation system covering the hypothalamus, hypophysis and
endocrine organs is under the influence of the hippocampus and amygdala.
Impulses of smell and taste are known to pass into the cortical and medial nuclei
(phylogenetcally old parts) of the amygdala (Norita & Kawamura, 1980), which are
also associated with emotion. Information from the amygdala can be transmitted

to the hypothalamus via the stria terminalis and ventral pathways.

Afferents to Amygdala
(Kawamura & Norita, 1980)

As a classic theory of emotional concept viewed from the phylogenetic points, “a

triune brain theory” has been proposed by MacLean (1973). He considered the
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hierarchy of the animal brain as constructed by a three-layered system, consisting
of the primitive reptilian brain, the paleo-mammalian brain and the

neo-mammalian brain.

“\EOMAM MALI'A,V

gOMAMMAL,
o\ 0ic Syste %44/

N

The animal with the primitive reptilian brain expresses the stereotypical behavior
based on primitive learning and memory. In reptiles and birds, the main structure
of the motor system is the basal ganglia, and the cerebral cortex is underdeveloped.
The behavioral reaction of these animals is largely determined at the level of the
limbic system.

The animal with the paleo-mammalian brain, first developed in the primitive
mammals, has the seat of emotion, by which the stereotypic reactive actions are
regulated and controlled somewhat with flexibility. Under these conditions, the
limbic system plays important roles in the expression of behavior directly related to

the "emotional process" (Bruce and Neary, 1995).
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Functions of the frontal lobe are the active expression of bodily and mental
movements as well as planning and performing a series of actions. Cognitive
information reaches the prefrontal cortex from the parietal and temporal lobes. There
are no direct projections from the posterior association area to the primary motor

cortex._ 'l having interfaces where the conversion of the sensory

cognition to the active motor action occurs.

Recognition and emotion are closely related to each other in the expression of “logos”
and “pathos”. Sensory information reached the cerebral cortex is transmitted from the
posterior association area to the anterior association cortex, or the prefrontal cortex, in
which information of the stimuli can be converted and be bestowed the connotational
significance reflecting the situations occurring in the external world before being sent to

the higher cortical motor system.

The amygdala participates in the evaluation of biological values of pleasant or
unpleasant feelings in the consolidation of memory by means of emotional conditioning.
Furthermore, it is well known that there are Yakovlev’s and Papez’s circuits, which are
concerned with emotion and memory, respectively, involving the amygdala, temporal
and frontal lobes, cingulate gyrus and hippocampus. In the cingulate gyrus, the
amount of regional cerebral blood flow (rCBF) increases in the volitional action of
monkeys in the experiment where they found a new maneuver in order to obtain

rewards (Shima and Tanji, 1998) are involved in the autonomic nervous system, the
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highest center of which is the hypothalamus. Autonomic nervous activities comprise
breathing, blood circulation, perspiration, digestion, appetite and sexual desires. These
have close correlation with emotion, activated by the limbic system. Hormonal
regulation system covering the hypothalamus, hypophysis and endocrine organs is
under the influence of the hippocampus and amygdala. Impulses of smell and taste are
known to pass into the cortical and medial nuclei (phylogenetcally old parts) of the

amygdala (Norita & Kawamura, 1980), which are also associated with emotion.
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Projections to Amygdala

agranuia

Cortical Subcortical

Aggleton and Saunders, 2000
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Projections from Amygdala

Cortical Subcortical

Aggleton and Saunders, 2000
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Medaka (Oryzias latipes) and mouse for comparison.

Healthy medaka (with non-destroyed amygdala): swimming pattern is traced in the left
diagram. He is approaching to the mirror where his figure is reflected.

Medaka with lesioned amygdale: swimming pattern in the right diagram. Totally
indifferent to his own figure reflected in the mirror.

Numericals indicate minitutes after the fish was put in the pool.

A I DITENAEAT
Nz RIS min

TGV,

~2:00

~3:00

~4:00

Mirror approaching behavior in the fish, medaka (Oryzias latipes) after lesion in the

amygdala

In our experiments where Medaka (a kind of fish) are placed in the aquarium that one
side of the wall is covered with mirror, a normal fish approached to the wall, while a fish
with destroyed both sides of amygdala discarded own figure in the mirror and swim
freely in the tab.

This behavior of the fish means the the normal fish recognized the figure of his own and
approached the mirror showing the sociability, while the fish with damaged amygdala

did not show any social, emotional communication. (Tsubokawa et al., 2009).

ZHET, Yt Lo - fFE) - EEBEOFAZ L TEE LN, PRI I T TIE
EOROTL L I>N? WL, FABBIERFICWZ & TR S EBRT (BRI,
2002; Tsubokawa &, 2009). TFEVFEHIZEED L WUADOFEZ . A & TR TER
(GAD,CGRPIZFHH~T (M 8), ZDOXIET HELAFE Lk Lz, £ DRHAIZEN Z i
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LCHM e LEd, £ LT, 20 LOTEALE®s LE L (X9,X10),

AL T EEPETBNT, —DOOEICHEZES & @FRAZDITHEITH S TZH 5 OB
o T, FHEEOMFL TF8H LT, Mhath) 288 L T DS ICHF->TEET,
ZOWEXROPBF T, Lol WIEPBER S NI A F D ITHEZENTHIAF> TEEHE
Poo ATEWNEZ AZENRBINET, BNz L, a2 b L T bL20mhEE (EE %
T OBEBOBERLFRET) 290897, ala=r—varzrndiTE (£
50) MBI EHR A, Aquarium or test tank, in which the experiments were carried out,
shoaling : can be considered a simple form of affective behavior displayed in social fish
species in which a single fish approaches others, When a single medaka is placed
in a tank it swims freely in all directions. When a mirror is placed on one side of the
tank, the same individual tends to swim close to the mirror. We defined this mirror

approaching behavior as an indicator of shoaling behavior.
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Sonograph, the quail-chick chimera system

Through evolution from fish to bird, avian (bird) obtain the singing ability. Furthermore,
the type of singing is different/or specific to species, e.g. between hen/chicken and quail.
Chicken ti---, for one time, while the quail song/voice is ti-ti-for two times in succsetion.
In the embryonic days 7-10 days, we did experiments to make an chimera ; amygdalas
of the chick were replaced by those of the quqil. As a result, when grow up the hen
utteded the voice of the quail. (Tan —Takeuchi and Le Douarin, 1991). (Balaban »,
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1988).
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Fig. 5. Testosteronc-induced juvenile crowing patterns from chickens, quails, and quail donor—chicken
host brain chimeras. All crows shown were recorded berween 4 and 7 days after harching. Each box
shows an amplitude-time (bottom) and frequency-time (sound spectrographic, top) representation of
one crowing vocalization. Frequency and time markers are as indicated at the top right. Transplant
operations are shown schematically ar the lower left: 1, transplant of the dorsal neural tube primordium,
giving rise to the dorsal thalamus; 2, transplant of the whole prosencephalic neural tube, giving rise to
the entre telencephalon, diencephalon, and eyes; 3, transplant of the whole prosencephalic and
mesencephalic neural rube, giving rise to the entire telencephalon, diencephalon, and mesencephalon
including the eyes; or 4, transplant of the whole neural tube between the first somite and the caudal part
of the prosencephalon, giving rise to the entire rhombencephalon, cerebellum, mesencephalon,
diencephalon, and caudal portions of the telencephalon. Numbers in the upper left corner of cach
sonogram indicate which transplant was done. Crows from two unoperated chicks and two unoperated
quail are shown on the top. Crows from chimeric animals are classified into three groups: chicken-like,
two examples from two different chimeric animals that were similar in segmental structure to forms
observed in normal chickens; quail-like, four examples recorded from three different chimeric animals
with segmental structures thar were similar to those observed in normal quail; and indeterminare, two
examples of variable segmented crows from two different chimeric animals. Although these indetermi-
nate vocalizations were segmented, their lack of quail duration and temporal patterning as well as the
variability of their temporal patterning precluded their classification as quail-like; some of them are
similar to rarc aberrant quail crows recorded in an carlier study (70/). Names in the sonograms denote
the individual animals tested.
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Bk K fib B2 B & D BSE -

REAER MAREZERERX) SBAEEE (ECITHIAER) S L URTEEE (&<IZ
REMEZE) DEITHEEAEIZHEEIN TS, [ZHIZ. BIZEZETEB (FhfE (1K) @) v
HEE (FRE) OBV OEITFEINTIND, KIN#FHT KR E LBZEREDHEEER
FEMNEFICHDICONTHEL, EICRIEESEH -AIEEMFERRE. BEE
BULBREBEYE DR ORI ERIEZ 1275 (JIFF, 1977; Van Hoesen, 1982) ,

BISEESEFICET HING TG Br40 TE FATAERIL. #9:4K 3 (fasciculus
uncinatus) EFEIEN A REDES R ICK > THISEERAIN S SURET KR
B (OF H)LHEEISHRFBEE LTS DA 459 [Kawamura & Naito, 1984; KFE XK
{5l Com80]. TG, TE. OF HFOERBIIWLWT LRI LDFHELGHEEHKEEEZL
TLY% [Kawamura & Norita, 1980],

RHKIIN AN DEREZMESEML T, RIEEEICEFIATWSREEED
NYIT7—DHENLEEIVFTHELDEE SR FEICEELERIEISEREZR
(TTENFELSEMT DL TOBELE-M B, KINFREIZITRIKAENSD A
Hothiz, REZFE T DMEEKRALN LD LITHRSFNFEL., S5, KiKE
JE&B (basal forebrain) MoD7EF LA R BEHEBNODR—/ZU R, {E
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BEMODEOR=VRDEE SR, EICHIEERE . FIREIRTEA D BUVRE A
Hd. INOLDMFRERNSRHEIN SR CEVEFIRE=1—OVIZEE. K%
RERKEBIZRL., RIBICHTHRZUHEEO T ARILDFERELET KA
DIRATLNBREEDSERTESHMEAITHOTLS, EKIZRREOEENSD
EED- ER%N0- 5018 - M EHIBR (2B AIEMRARIBEAIBHAA NSNS LITE-THE
AFEMIESh, T—F 5 AT —MEIEIZE TSN B[Goldman-Rakic 5, 1984],

ELREIEE

R (125 <)

(k) o (P77 Iodumilt) O—fHa Lici o7z, WEH T~ £

LT @7 (EXLHBT) ~

TRIEN D ZRITEO R~ R OIEK

O oREL
MDOFHGEAIRE L FAlo T 82T, S, Mob o & bEENRIER TH 2R
A E OFHCAI R R EN A U, IRWT, (Hhg ), BN 22 72) & N OEMR
FE LT,

©@ BioFE # (FRoab. OonErbonteta~) # BT # WiEskmE

@  FoTIAME ENAMT #UAM Condylus (2K - TH—SEHEE AL TVND

WLR « BRTE « AR O DT LR 2N R 7o A~ R s B 5L 2 i~

Visual and auditory systems in the primate
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medial]

[Posterior]

[Anterior

Emotion

[Frontal] [Frontal] Auditory system

[Temporall [Parietall [Temporal] [Parietal]

(Shape) (Movement) (Visual space) Grouping
@ (Melody) \ Streaming (Sound space)
e

[Temporal]
(Harmony, Pitch)

Parabelt zone
(Combination)

Beltzone /A2

(Outline) R &%ﬁ Core zone / A1

V1 (Dot/line) CmeB>
LGB /xfﬁ Rhythm

(Frequency)

Audition and vision at the cortical level

A diagram to show the flow of visual and auditory information in the cerebral cortex.
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Originally the dorsal and ventral pathways were referred to the neuronal paths
within the posterior association cortex. These terms are used here to extend the
routes to and from the prefrontal cortex. Correlation with motor-related domains

1s included in the diagram.

Grossly speaking, there are two main pathways in the visual and auditory systems.
The one is the spatial cognition (where/how) in the dorsal pathway, the other is the
object cognition (what) and emotion in the ventral pathway.

In addition, the visuo-spacial and sound-spacial or grouping function are included in
the dorsal path, while the emotional function are included in the ventral path
(Kawamura, 2002).

In the process of active behavior, “higher motor cortical areas or higher order cortical
motor association areas” are concerned to plan, order, fulfill active actions. These regions
are known to comprise the premotor (area 6,in the lateral surface of the hemisphere), the
supplementary motor area (area6 in the medial furface) and the motor cingular cortical
area (Tanji, 1999).

4] Audition and vision at the cortical level

A diagram to show the flow of visual and auditory information in the cerebral cortex.
Originally the dorsal and ventral pathways were referred to the neuronal paths
within the posterior association cortex. These terms are used here to extend the
routes to and from the prefrontal cortex. Correlation with motor-related domains

1s included in the diagram.

4 (Matching) @ hierarchy b =7 /L% —
REFAERNII R EES T DREL &b ICREBEENIERT S,

RAKE : NMAOHERLEBEREO S B, &R (= or =) DOHFIZHALNITT HHEE,
HOEMEEZ THT S L, BMPmELT 213 ML, BET S,
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PRAN . ARDPLOMBERBEREACOALTND A A=Y K5 (inB—W) LDORE

FOUEW O FHEGRmMT AL, METHZ L, (in BERSH W)

BEwE . EMICEAM AR - THEBEEZHY . FMEmitd 22 L, (in B—W)

i TEVEREKL, HEL, BFEEx, 2775 (BE - fEE)., TLT. 2h
#F w7 (GTIE) 5, (in BISEETE — &RIESE)

) [gl:l:

il

Moor (@IS

HRE DM
R TR L~L B R %S >W -« KR D Matching/Geschtalt
BB, SR - BOEH - AR (—F & 28D cf Hegel) - thxtE

ER D Matching/Geschtalt X14 — “X14” BN
H—fth—5 (HEDEE) Aufheben #HaM: & Bk O &% via LFEIEFE - 518

A) AROBERPBDAS

# Filtering function in the thalamus,

Fusion of sensory inputs R4 (Matching)

# (AN ORA O A (Matching)

HEEHMEMHOMRE (Matching)

RN 2 MRS OABEEREA A—Y - 2w EOMRA (Matching)

AR I A B 5 G (Matching)

# SOANNEEOEZ (BELBE) L ORE (Matching)

FLiE & 1 Eh

TEEICBT 2 EMEZITOF = v Z7ETIEICA BN S E (Matching)

51



# OEGRMAICHIT S BC &M & DA (Matching)

# BEEOE#ZEROME GR&) IS (Matching) %2 EEH

B) SR D BR~DOHT
TEmoORE (Matching)

BEEDORE)
PFC — WiEpESIRE — REEIY) SvoEEE — GEikAY) EEE

Ic): Labour (55 1#) AF - BR - =

Anteil der Arbeit an der Menschwerdung des Affen

Die Arbeit ist die Quelle alles Reichtums, sagen die politischen

Okonomen.
~ Sie ist dies - neben der Natur, die ihr den Stoff liefert, den
sie in Reichtum verwandelt.

Aber sie ist noch unendlich mehr als dies.

Sie ist die erste Grundbedingung alles menschlichen Lebens,
und zwar in einem solchen Grade, dafd wir in gewissem Sinn
sagen mussen:

Sie hat den Menschen selbst geschaffen.
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By & N & OREHXG] - -« - ZOER/XNEABLETHOE [958 Th D,

BPIIEREFIAT 57200, 22005720, THH, AL BosE 71k

S THRZBGO IR S, BREZIET 5,

< AN T & T & T &2 b THARIZE L., BAROHFIZN.»TW5D,

[l &I, E%@?fEIJ%?E%&%L TNEZIELLISHT A2 ET L2 L Th 5,
ARk 2 3l (R ICAREICR0iBE s &, BRI~ ICEES S,

o

AN Eo =% & LT, cf InDKVol.1 [55@imfes ]

O HHEET2ROLEEEDO LD

@ JifFE

@ Jrflxs
HHZ/g o7z [F), —Z0 [F] EZHBOBME THHIEN . HBOEDTHHLH—
ZOFT, EHEEY, WRLT, 20XIT, SbIT, a@ﬁu\&’rﬁ%zﬁﬁ%bﬂ\%\ %
M) AR LT ENBROMR, RO EBERITZITHBIL TV ST,
FE—F - BT - %iDDEHHHUD%EHLEUDEKZE%—W‘Z%WE“@%J%H%F% 5 DOHFT
LW — 8 & 558 & ICEM 2 KE T >E O R E i) - #BL) > SFE0RE

S INDLDRELEAMLED DD B E WO ER) BDUEThoT, T72bb,
W8 (1E3E) DR, 77@@73275)75)%/77@3&,\ I, aA3a=—TarELELLT
ZORER, BNt ENT, 2Z L OIFHZ{ 25 9 (communicate) chance 73T 5 &
Ebic, IEHi] Z2bOF@EaEMToL 01225
ik X oiz, TR OFE - #E, EKEO 5@ HEz2ERL) 28T, HK
DD E KIF LTz, £ LT, BIRGREB IR S,
FENIANFAETFEORAFMNETH D, £ LT, HOLEKRTIE, AL AMB S ZANE LT,
ZOBZTRMEHZ BT S 1B, TP, WIECAAIRTH D,

ANHIOIY) LY DENERY THD  LWIRGERAHLNE L, Lol
A Lo THRWR S SN28IE. B ORRE O KR SHIFANTOZA, (homo @) F
M TEDLERD, Thbb, R, ALRULSSHEMENZIHATHNDLHT
HHB, ZHFENICAROZN LT TH A 9,

Zuerst infolge des Gesetzes der Korrelation des Wachstums,
wie Darwin es genannt hat.
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EPE L, X =1 D0 ) AEROHEBEOERORE L LT,
Nach diesem Gesetz sind bestimmte Formen einzelner Teile
eines organischen Wesens stets an gewisse Formen andrer
Teile geknuipft, die scheinbar gar keinen Zusammenhang mit

jenen haben.
ZOWANC ZAUE, DO H RO % DEGIN b SRE ORI,
—RAENLIFRADBERD RV X DT Z DTSN b OB T O L SR TS TS,

So haben alle Tiere, welche rote Blutzellen ohne Zellenkern
besitzen und deren Hinterkopf mit dem ersten
Ruckgratswirbel durch zwei Gelenkstellen (Kondylen)
verbunden ist, ohne Ausnahme auch Milchdriisen zum
Saugen der Jungen.

NS BRIZEB E T T s & AR OAETFIC K F
Bz R 129 THED,

AHIE SAROBRICL LAER L TOL2, BREZEY VWD Z LiZk > THRDOBER
ERVBA DB > TS, bbb, FRICHUTE SRt 2 /> (@6 o
SIDIERD)

P OFEI Gruppe & ANRD#:2 Gesellshaft
W2 XAT 2 D578 BB O O ST

BHMEY - (7225 L) =HLWEMEET—
LR TR IR NAE U E — bR R AR (2B A — ML % 55 ZE A — IR B AR E AR08 B D & D
W22 1L

FE &R TT

TR b RR L PP ~BAT ANFUET 272D OARER 2B — B Th -1,
WEIT, FEPECOMERBOHIHEL T ORGERANZMEZIZLALTIITY
2% &9 IREBEE ATV, BT KIESEM, L, KOMER & B OfE, KK -
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EW. FEEHOILK,
Jeeh - Rk -

B s corm Gabbim iR LR, ZORENAT (Fhabbis
BEORT) L LTHA. &5IC o Omif&§i—MIcHE 2 5 B8R D5,

Instruments GEH) OfEH
BonIZERENS R UERT 2ER.,
O DORFUL T, @ B LWERBICKHLTE D[Rt 2 Fio—> 2 i ad +o s BE
% Z &I K> TAMD NERITED D,

PLOE#HE AFOEH#H (BR)

T DARAM 22 E NI 5> 2 Z AU,

HOEMOFE, AOZ2XdRld28CEREL2ZLICE-T, BATAESZER
N Z B AlREMEZ OGN Th D,

(NIT) BHODOEY ODBROEBRERICKHULTX 5 A%
HHE5,
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Cortico-cortical fiber-connections in monkey and human
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[11]

A diagram showing basic relation between the cerebral cortex, thalamus and

cerebrum --

I. Motor system loop

1) Sensory-motor loop

sensorimotor area— putamen—external(e) and inner(i) segments of globus
pallidus(GP)— VLo —motor cortex
2) SMA-proper loop
supplementary motor area (proper) —putamen— medial part of GPe/GPi —
medial part of VLo — SMA-proper
3) pre-SMA loop
pre- Supplementary motor area —latera; part of caudate nucleus— middle
part of GPe/Gpi— lateral part of VApc— pre-SMA
4) PM loop
premotor —lateral part of CN— dorsomedial part of GPe/GPi— medial part
of VApc— PM

5) Eye movement loop

Frontaleye field “supplementary frontal eye field—central part of CN—pars

reticularis of s, nigra— VAmec,MDpl —frontal eye field

II. Association system loop

Frontal and parietal association cortical areas—large parts of CN and anterior part of
putamen— substantia nigra and GPe/GPi — MDpc and part of VAmc —association

areas

Il. Limbic system loop

Limbic cortex/amygdala < hippocampus—ventral striatum—ventral pallidum— medial

part of MDmc—limbic cortex
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FEEREZ & RIMBE & O oW RO, KBl LT, OE#R, OFEEG%, @U&ERD
N—TMNb5, (IR, 2007a ZZ; Alexander 5, 1986, /)

Circuit loop : Cortex — Striatum — thalamus — Cortex

KB s — Bt — R — KIMBEE DN —7

[. H##RL—7

1) EEE AL —T

HTEEE I >k > YR BRSO WEi— VDo — BN
2) [EA e EB)E(SMA-proper) &/L—7

SMA-proper —#%— GPe/GP1 O H[EE— VLo WRT— SMA-proper
3) [ e EEE (pre-SMA) Z/L—7

pre-SMA —BARE(CN) DSMIIE— GPe/Gpi D HfE— VApe DIMIlE— pre-SMA
4) EHETEECEM) Re—7

PM — CN OAMiER— GPe/GPi OFNHER— VApe ONHIEE— PM
5) MREKEFH RN —7

ATEAIREY # 2RI IREF— CN i — B E MR — VAme,MDpl —aTEHIRE?, 4 2 572 AR

WA« IR « S — IR R — I MY BR— MDme PRI — LR E
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Cerebral
corte

DA, 5-HT,ACh

Limbic
(Hippo, Amy)

Cerebell

ERME

DA: Dopamine, 5-HT: Serotonin, Ach: Acetylcholine, Glu: Z /L% I fg,

GABA: F /N Acc:fl|f48%, Amy: JEHEIR, Bg: KRIMILIEEZ, Cx: KAMZHE.
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Hippo: V5. Hypoth: PR F#E, PPN: MAEHEE%, Raphe: #&#RE%, SC: kR, Sept:
RlER%Z, SN: BVE. Subth: K FE%Z. Th: fER. VTA: HEMIRE T

#1 FCHB A =—a A= 2—a EE (F—IFR)

WRHOMEI T/ VT FLF U =Ry, ¥u b= REDE /T IV %R
HEME LT A =2 — v PR LET, 2N OIRHFBEREICECEE L ThET (K 21),
I, RVEREEE (A9 MaRE. SN) & EMIEEE (A10 MMLRE, VTA) 1I272< S A
DR=NRIv=a—a UPFELET, FKEEMIZ A9 & A10 IZITIRENRH Y 77,
2B, K==LV OEARTHDZRERE LTiE, D1 family (D1, D5) & D2 family (D2, D3,
DRI SN TWET (iR, BH),

A9 = o — v TEFFAECEI LB ORI ERT 5 L E bt TR Y | RMEERE ORI

WCHBURICPOG UE T, & L THRIBREE~ENZ LET (OBERFER) ., Zhiox
LT A10 F—r33 = a—u NIENBRER T H 2 ORI LTV E 2R
(OGO ER) . TDIED, RREF.OZ, RISERTE, HoRE7e & ORI b A
SEHPHY | Frar/e b O ORI RIS T D REREE),ERICEHD L bDEEX BN E
T B, BRHLFEL LT, MR TO F—= "I VHOAETFIZHEZNRD S
. OQOZRTIIAVET, QDR THEHZRICEZ S EEDNLTEY £3, FARBENE X
HBIELIOIMN?

# 2 fl4%(accumbens)iZ-DWT

AR TGRS (R OO flkE%) & IRITHEMIBR SRR Z TR L Tl 0 | ERB s k3
D0 EATENCER D 5 FLIINLIEZ HD TR £, £ L TEE L, HAMUDES (core)
LIERRIORET (shell) (231 bvET, SR SRR EZ A ET &, core [RHRMHIZEEE L
7o A TENEBN BV < | WHRRSERISDWERELZ & > TWET, fill)7, shell | XH
AR R SC N 3 AR DG A TR OB R EAL O KIMBE AR 2 % interface A9
FaFF-o TRV LT, MkEROF.LEE, WSS, R S&KE: (extended amygdala) &
BERERIITAE D DN TWTFEY & SRV BIEEDR S D £97, 7038, shell IF F— 33 UffEIC
BATEY, 4R F= "I UZAR (D4R) OBOEIDBED SN ET,

MIAAEZ A~ MR, BAMRER, NRWR60 4 (F) O fliBEIsx 5,
TOLEECHIR TN S (XA L7 b ARSI, & F S F AR KM
R, W, Rk E CRIELZ%ZIC, T2 CTRhALNO T EZ1T72) Obiciab-o
TLD A ZA4 VL7 b ODANHRHY £, TN6IZE, BENEE G OMMD Z2rem L
T, £7o. WHHMEORIESMAEZ - TN B REEZRB T 2HEMHEANBNA O TWE
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ER

P AT S D R— 32 U OJEHITAE Y ORI E 7213 SOIRICIE U Tl (=2 brm
—) SNTWET, ZOREITEENIC, &5 WVILHENICEMRERD 7V 2 I
EEME= = — v &2 L CHUR TR TR AR 2 DALE T,

mEB, F="IURITIE, ERROOBRERRER, QT RGLGEE R DIENTHRE,
BUPR T o = JE DR 2 S hkz & L CIEWPREE .. TR~ T 2 @R TE8 T EA R0
SN TVET,

#3 o b= FRIZHONT

JIbsEE oD TE RIS & D RERREZIZ DV T

i, HE. SEREO ETPES (R 18 2 MR O ITREREZ & FFITA, 2 ORIfaEC
Tte h=rREFEi, P (& AHEAFERREZ, Rd.) O==a—n1 b ORRHET
AT a—=nNT IR (F=RXIv, T RUFUY) OffEE & BICHRIRTKER ZFE-> T
K% G- 2 723 AR TESMAR 2 14T L, KIMEEER, S OICKRIMEIZEEL 7, fil
2. EHOE(Cs) L EHIREREER.A) 2 DIRME . FREF. RHkRIZ, & L TRk
R.m.) EREWEHEER.pa) 2OITIEHICE D b= MERHENENCTWET, B/ LT
RUF U MR OEGR TH L FHZE bt e b= A= IT ThET,

FEMEFOVEREE OFEIZE LT, BEMENMEE e F=0 LU b, EETTA,
BEATEE OB#E L EbNTVWET, Bifftr h=rv=a—n UREREFRHLE LT HE
e b= UEEEAER SNTWET,

UERTEEIIZ, F="I vt n b= R0EMICITLGR. BIHE, REYD
R0 B AR R &G To s RARREENC K D AIERIRMEEN £ TE bIRAT 2R Y T 1 77
M &, FRFICEDNT O APPFE LI & ST RE 2 2T DICELX AT 1« 772/
HZEATREY ., EFEIICHEBENC S EN - UL F O EREICEDETE X
T NTT 2 B VEERBEN 2 RSN THET,

a4 T7EFALa) L RIZHOWNWT

TP BT 5 = ) AFBIPEMRERERIC DWW T 2 DO RN H Y £77,
BT KRIMAESHES 2 O RIMEE V. RV BT 2 RS

61



MEENIZIZ I EEOBRN = —a U L AFEONE= a2 —a U B LIS T
WET, BN =2 —a I ZHOBREEREZ b > T-FEROMA (medium spiny
neuron) T GABA 1FEIM, BIKDHK) 80% % LD, LI HITRBAERITHMEZ £ > TWET,
ME= =2 —nr U I2iT GABA/Pv &AM, SOM/NOS &AM, #/L1LF = &anE
FONACh GAME S £3, Z0OH5b0a ) U= a—w IR O (large
aspiny neuron) T, &KD 2% % HO5HIZHE EHAD, MEAELSEIZ ACh 24 L
ZDORHRICE S HOT-BPIRGE LR 2 T L TR = —r icgEr 52 Ty, F
for & FUIECSRA O T R IEE) - 1T B o 2 BBV R E R EEIZE U TR £,

MRAR AT TN HRAERITIT A 72 < & b RMBIE R D 7 v 2 X U IRIEEIME (£ DB KIT
NMDA % A 7T, BRRZEER A A DEEFICH D) Db D & BEHRD F—/3 3 AFH)
P (202 HFKIL DL, D2 7 V—7"T, BRRIGEM/ A A L OFFICH D) OLDRHY
F9, INHDANEZIT T GABA EEIEOIMGIMERF =2 — e o RMK =2 —r B X
ORI JERZ & 2 WITRTIM RIS SRS O MIfaE (=4 v MEER, 7 e — 0 OxtAHE.

WAERE) Noa ) ANEEE= o — v SZHREIRERE 52 TV £7, Zhbofl
RKea—ur BIORMEEE =2 —a %, & bICAL KM ICEBELEDOH 1% 5 2
THEY, 74— Ny 7K E OB & 26l L ThEd,

LTIZ. K6 (pons) FHIKIZH DHEHINEECTH 5. MG ZEZ(PPN, pudunculopontine
nucleus) 7>5
a) FATHEICHINGERZ~. D) TATHEICHER, /M~ BT RN S TWET,
BfE, Ro#iE (KM $@J) RERLEOE) & 2 JREAICH 2 5 (LR M E )
visuomotor; BERMEES) audiomotor) HEMEC U X L DA 72 121X, HITE BERE L
TN - MRS L OB ORISR T AL VWO T2 BB L TRV £7, Tbbx
ATOERTT R, MipOrEL 2 L~V gl L CHEBBITOMIEHERE (B1T7) X6V =
XL —H =) OWFREATRoTRER, SR T (ZoB L0 FEofEEE £ & o THRIR
THBAXTEF, subthalamic or hypothalamic locomotor region, SLR &9 ) 75 ORIFEMN
HI T AR O B B K OEIGE #% A% (PPN) O 5 IR & 5 HiK 41T B (mesencephalic
locomotor region, MLRIZAE X HLD Z EBRAL NI/ TEY £,

PPN OD=a—ua 37w Fnal) VoYV T AZ AP IR E GG, 2 205 LB
RO FE ORI GT5 508 L TOREHBEESN) D F—/33 Ul ~D#H
F37eEsnsiEo, FUR, KBRS 5121 TR SMTEBSORIEIZEIRT 54 -
WEBEN O AT BE MR O = o —a v B S W A2 5 2 TR Y . I
W - JEERER RO H AR L o CHOHEEREEZH U TWET,
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— o ARBBERE _J<:
|‘| : Gly Glu 5
| BRA
(GABAY ENK) (GABA] S-P)
P 45 2% W%
- ;K
s |
(GPe) (DA) :%—Oa
\
RR
BET# e
QE_TJS““’ HEHAE
REEKE tE
HER r?h(GPVSNr)
Motor circuit L__*E'BAI
(A WS (PPN)
\_ \ A [N:hnGIu)l -
(Ach/GIu; a&&
LI
(Glu) ﬁ#
S B 4 #E ) 9 nwe
WH | W Cug e B
> | nawmn -~ 113 en
(@) ey
B - M | ERER (et §5EH ) =20
FHEEHEHE R e

Xl 6

RERET IV
FEMIIAYEE, Glu; vy 3 VB, GABA ¥
Yo7 3 /BB, ENK: 779>, S-P, ¥
FAZ Y A-P,DA; F—s%% ,5-HT | £u b=
¥, Gly s YV ¥y,
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Motion Sensation

Cerebrum

Thalamus

ganglia\%//

Substantia nigra

I . Motor system loop (pink, yellow)

II. Association system Loop (blue)

I. Limbic system loop (green)
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F=F.(F,(F))=<G,.G>
=X XY YA AW W,

i m e
Cholin <~ Active will =8 _ -
DopamV i sl N - , “ﬁ
> b o -
ogt .“'Qn N 1 'ﬂ g
1)

()

\W o )
NI ra Emotm
VT
Hippoc™ /W‘ # By .
Amygd sy 2
N F’r i - )=<G,,G>
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Man can use the mathematical concept of inner product as Hilbert

Space (system of orthogonal function)

It is not clear whether F is in fact denotes “inner product”. However,

here,
Suppose inner product that makes Ergodic theorem be established.

Man can use the mathematical concept of inner product as Hilbert

Space (system of orthogonal function)

We denote three circuits G1, G2 and G3 by cerebral cortex, basal
ganglia and thalamic nuclei, respectively, and x, y, z and w by

emotion/olfaction, cognition, motion, active will, respectively as well such that

G1=(1,yl,zl,wl) ... cerebral cortex,
2=(x2,y2,22,w2) ... basal ganglia
3=(x3,y3,23, w3 ... thalamic nuclei.
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Thus, we can show the following image such that
G1-F1-G2

G2—F2—-G3

G3—F3—-G1.

Connection between cortex and amygdale

Conciouseness from evolutional points of view :

*  Koki Kawamura : Consciousness, self and non-self

Consciousness, Self and Non-self: Otherness
Integration of emotional, cognitive and motive/motor activities into higher levels of
functional concept can be considered as a whole “Consciousness”, as will be described

below briefly in a hierarchical manner from lower to higher stages ; I-1I-III.

1) Consciousness on the level of the brainstem (premammalian)

Alive, vital sign, awake and sleep, reticular activating system, sub-conscious,
arousal.

Even the most primitive animal, the protozoa, possesses the ability of cognition
and movement. As the number of cells increases and the quality of the assembled
cells differentiates into tissues, each of them obtains any special character, e.g.,
muscles, nerves, skin, and so forth. They are integrated in the organism and
communicate each other to establish the entire body, thus the individuality
accomplishes.

The lowest stage of consciousness lies in the activity of the brainstem in the
vertebrate. Animals are alive, cells and tissues of the individuals are breathing, having

a close relationship with the nature, by means of metabolism; catabolism and
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anabolism. Biological basis of the primitive consciousness for living activities lies in
this neural structure. This is the level of the unconditioned reflex (Pavlov).

In the brainstem of the vertebrate, we can find the diffuse thalamic projection
system (Magoun), or the thalamic reticular system (Jasper) in which particular kinds
of cell groups produce amines, peptides, proteins etc. In this structure, there are
dopamine, adrenalin, noradrenalin, serotonin, acetylcholine and so forth, being called
as neurotransmitters.

The reticulo-activating system theory was proposed by Moruzzi and Magoun
(1949). Monoamin hypothesis tells us that the decrease of serotonin induces the
awake, while its increase induces the sleep (Jouvet 1972).

The hypothalamus is the central region dealing with “awake-and-sleep”’mechanism
as well as the centers for eating, sexual, biorhythm, body temperature, energy and
metabolism.

In addition to the projections from the spinal cord and the brainstem: so-called the
activating system , a large number of inputs reach the thalamus from the basal ganglia
and the cerebellum as well as from the cerebral cortex. Acethylcholine is also an
important substance originating from the LDT  (lateralodorsal tegmental nucleus) ,
PPN (pedunculo-pontine tegmental nucleus) and the basal fore-brain structures

(Meynert basal nucl., Medial septal nucl., Diagonal band of Broca).

I1)  Consciousness on the level of the posterior association cortex
(mammalian/lower primate)
Awareness, passive cognition, first signaling system of the conditioned
reflex.

The next stage of the consciousness, corresponding to the first (or sensory) signal
system of the conditioned reflex, or the beginning stage of the second signal (or
language ) system can be observed in monkeys and chimpanzees. In this stage,
animals are aware of circumstances using sensory activities of the subcortical and the
posterior association cortical areas.

Upright walking or erect bipedalism, being able to use instruments by free
forehands, through which morphological changes of speech organs (to utter voices)
and use of gesture-language that led to the communication with collaborative labor

and conversation to form the human social society.

67



Consciousness of this stage can be taken as understandable of the surroundings
through the cognitive mechanism ranging from the sensory organ, brainstem and to
the posterior association cortex (PAC). Animals perceive and recognize the events in
the world under avert awakeness/conciousness. They adapt the surroundings and can

behave properly equipped with the neural basis of conditions in everyday lives.

I11) Consciousness on the level of the frontal association area or the
prefrontal cortex (higher primates/Homo sapiens) , corresponding to the
second signaling system of the conditioned refles (Pavlov).

Self-consciousness, executive function, social communication and behavior,
abstractive way of thinking

As stated above, consciousness levels of I, II, and III are not clearly
separable each other; these are continuously changing.
The highest level of the consciousness is called as the self-consciousness which is
culminating in the human brain. According to J.H. Jackson (1884),
“spirit/mind/consciouness” is the highest stage of hierarchical structure in the
course of evolution. The prefrontal cortex (PFC) has been considered to be
intimately related to the highest psychic actitivities such as ethics/morals and
aesthetic sense. Recently, many studies on the disturbance of the frontal lobe,
changes of character after the traumatic brain, highly memorial disturbance,
working memory, atrophy of the brain have been performed scientifically in
psychiatric patients and healthy control subjects. The use of instruments, elect
walking by two hind-feet, group works or commune labor, with linguistic
communication have obviously been main factors for the developments of the
human brain, particularly the PFC in the evolutionary course/conditions of
humanization from the ape (cf. F. Engels, 1876)

Thus, the consciousness has highly been sophisticated in the course of

evolution from lower mammals to primate (incl. human).

Brief summary and a plan for further interests to be studied:
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1)

2)

3)

Broca linguistic area (motor) develops in the PFC,
and the second signal system of the conditioned reflex can be obtained through

the social communication and labor with others.

First, we understand surrounding issues with the
altro-centric mind, then will get the ego-centric mind, and grasp the situation in
its totality, on the morphological basis of parieto-frontal reciprocal connections.

These are the basis of the self and non-self discrimination.

Through social communicaton using gesture and
spoken and written languages (abstract way of thinking), advanced cognitive
functions in the PAC as well as the active motor activities in the PFC are more
and more closely interconnected/related by means of association fibers. In the
cerebral cortex; in the PAC and the PFC, linguistic regions, called
Wernicke and Broca areas respectively, are formed.

4) In addition to the inter-connections between the PAC and the PFC, circuitries of

cortex —basal ganglia(striatum) —thalamus —cortex are important to be
studied.

5)

6

Fundamental elements of living things are cells; they are parts of the
universe/nature; constantly communicating with the nature. A large
number of cells communicate and compose tissues, produce energy,
and activities of the species/organisms occur. Each species has a

unique ecological niche in the biological system of the nature.

) Psychiatrical points of view.

Collapse of interactions in the human society with the nature;
metabolic diseases of biological development (growth), unbalance and

breakdown of the human relationship to be studied in future.
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a) Self-disturbance

Self-disturbances in have been explained and studied from the standpoint of an
abnormal sense of agency. Confusion in the experience of temporal causal relations
between the self and external world (non-self) may underlie self-disturbances in
schizophrenia (SCZ).

Self conscious may be responsible for the insula, the PFC, the anterior cingulate),
whereas non-self conscious for F5-the inferior parietal area 7.

Refer: Mirror neuron system (F5-7BA) and importantly the precuneus (this region

may be responsible to the “hub”or “surveilance” for judge on the Self/Non-self )

cf. Maeda et al.,: Aberrant sense of agency in patients with schizophrenia :

Forward and backward over-attribution of temporal causality during intentional

action, Psychiatry Research , 2012

b) Filtering function in thalamus

Sensoric stimuli fron the periphery ascend to reach the thalamus and relayed
therein; thalamic filtering-circuitry works, appropriate quantity and quantity
(amount) of sensory stimuli only reach the cerebral cortex and perceive,
regulate the level of the arousal situation. In SCZ patients, the thalamic filter
function is disturbed, resulting in the hyperarousal state in the cortex owing to
the excess amount of the stimuli; occurring information-treating disturbance
and cognition disturbance. Carlsson(1988) put forward an hypothesis that
circuitry of cortico-striato-thalamo-cortex may regulate the filtering function of

thalamus as an example of feedback loops.

c) Collorary discharge and efference copy

Jackson (1958 in Selected Writings of HJ)’s proposal of “thinking”: complex
motor act. Conserve and utilize the computational and integrative mechanisms
evolved for physical movement. Corollary discharge and feed-forward (CD-FF) are
integrative mechanisms that prepare neural systems for the consequences of
self-initiated action. In the motor systems of thought, they would act to distinguish
self-produced from externally-stimulated events in consciousness. SCZ is a
disorder of thinking.

cf. Feinberg and Guazzelli : Schizophrenia—as a disorder of the corollary

discharge systems that integrate the motor systems of thought with sensory

systems of consciousness. British J. Psychiatry 174(1999) 196-204
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d) Matching, its disturbance

Maching, match: meaning that which tallies or exactly agrees with another

thing; an equal. A condition of exact agreement or close resemblance,

In animals, intramodal matching and intermodal or cross-modal matching
establish in the PAC.

In human, matching with linguistic symbols occurs in the second signal
system. cf. W ©B, thus the concept of Matching increases and becomes more
complex as the cortical association areas develop in aspects of cognition,
memory, thought, behavior. Discriminate between the two events: the
identicals or different (= or =) . Disturbances of the matching can be

observed in SCZ.

(1]
A=A RN A ZE TS | & W) EmOIRIEEZ X2 5 RV BRI H 5 “&
T, B - JERE - RS - PN S DTN E TOMBRNEE L, HBAE A E A Tn
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R#ARE%R (thalamic reticular system ; Jasper & Montreal ZRJR) & W\ boiu B 5%k
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Formation of “self ” in the brain science

Psychotic patients had long been regarded as sinners who had no personal

individuality and were obsessed with evil spirits before French psychiatrist Pinel

released them from the iron-chains in the hospital at the end of the 18th century. Itis

after the publication of the book " pathology and treatment of mental disease" (1861) by

Griesinger that the disease became the target of medical therapy with scientific

methods. Several events on natural and social sciences in those days will be picked up

here to see the background of the period. In the decade of years of the mid-19th
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century, Darwin published "The Origin of Spieces"(1859), Pasteur denied the theory of

spontaneous generation of living bodies (1860), Mendel established the law of heredity

(1865), and Marx published the first volume of the Kapital (1867). It was the time

when people were faced to the drastic change of views on the world and life.

“Theory of Cells” was established by Schleiden and Schwann in 1838-39, and after 20

years, "Cell Pathology" was written by Virchow. It was 1883 when Kraepelin_published

the book : “Psychopathologie” where he considered that there is a single unit of disease

which has the same identity of the cause, progress, and pathological findings also in

“psychotic” diseases just the same as in “physical” diseases. The concept of neuron had

almost been consolidated at that time.

The brilliant results of the 19th century have further extended to the first half of the

20th century. To mention a few, the theory of conditioned reflexes by I.P. Pavlov, the

neuron theory by Cajal, the neurophysiology by Sherrington, and the modern genetics

by Morgan, the discovery of organizer by Schupemann, and the electroencephalogram

by Berger, and the psychopathology by Jaspers. In the second half of the century,

Watson and Crick published a modest, monumental paper on the discovery of the double

helix structure of DNA (1953). Molecular biology then has become one of the main

concern and important target of biologists. Many researchers including theoretical
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physicists and molecular or genetic biologists who had achieved great works in their

own fields have entered into the field of neuroscience. Results of physics and

chemistry having dealt with inorganic substances (=non-life objects) have been used to

investigate biology whose targets are organic bodies (= living beings) which are the

evolutionary developed products of cells constituted with non-living materials. The

present 21st century can be regarded as "the century of the brain" as what follows the

researches of immunology and oncology.

Formation of “self’, an important and difficult issue in both the brain science and

psychiatry, will be dealt with below focusing mainly on the development of the human

brain 1in its adolescence.
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Figure summarizes briefly the functional organization of the brain. Major higher

nervous functions on the cortical levels; one is cognitive/emotional and the other is

motor/volitional functions as passive and active systems, respectively. These higher

levels of nervous functions, the total products being called as mind/spirits, are

represented and regulated by activities of the posterior and anterior halves of the

cerebral cortex which are supported by underlying subcortical structures. They are the

limbic and autonomic regulatory systems, including the rhythms of 1) awake / sleep, 2)

walking, and 3) day-and-night. Behavior in everyday-life is supported on the ground of

healthy rhythms, deviation of which causes physical and mental abnormalities.

Disturbances of the day-and-night rhythm lead to mood disorders or depressive

states involving predominantly the hypothalamus and amygdala. Disturbances of the

sleep and awake rhythm are accompanied by the fatigue of the body, mental instability

and frustration due to the exhaustion of functional regulation in the brain stem

covering from the medulla oblongata to the thalamus.

In addition, there is the neurotransmitter system organized throughout the brain,

such as the serotonin system (5-HT) of the raphe nucleus origin, noradrenalin or the

norepinephrine system (NA or NE) of the locus ceruleus origin, the dopaminergic
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system of the ventral tegmental area (VTA)/ substantia nigra (SN) origin. Besides,

there are excitatory amino acids and inhibitory GABA systems well as an acetylcholine

(ACh) system which has been related to intelligent activity.

While in the posterior association cortex, perceiving and recognizing stimuli from the

external world, their values (good or bad, profitable or harmful, plus or minus, etc.) are

judged in the amygdaloid complex with emotional feelings. All of these inputs

perceived and recognized first in the posterior part of the cerebrum are then treated

intentionally in the frontal lobe, predominantly in the prefrontal cortex, results of which

give outputs through the motor and emotion-expressing systems. The former is the

motor cortex-striatal system, and the latter is the hypothalamus-pituitary system. A

variety of other humoral factors, e.g., amines, peptides and hormones participate in the

brain development. Adolescence is the developmentally crucial period when the

“self” is established through struggle of life, upon which a spot-light will be given below

in connection with psychological development in humans.

In human, there are many psychotic problems that occur in puberty or adolescence

(11- 15-18-22 years old, ages vary according to the wider or narrower sense) including

schizophrenia. Adolescence corresponds to a certain period of human life when

changes of bodily and mental growth are tremendous. Physically, the secondary sexual
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characteristics (penis, larynx cartilage, change of voices, pubic hairs etc. in male and

mamma, pubic hairs, menstration, fat-deposit etc. in female) appear prominent.

Bodily changes that happen at about 11-15 years old produce big influences consciously

or unconsciously upon mental aspects of self. In one word, the problem is how the

“mind”, mental activities, can cope with the increase of physical energy accompanied by

the inner mental tension. As materialistic bases are concerned, organic changes are

subjectively involved in the activities of the emotional, autonomic and humoral systems

covering peptide, hormones and neurotransmitters. There is a sudden increase of the

differential coefficient of mental activities towards external stimuli, resulting in

increased sensitivity (abnormal irritability) to the inner and outer stimuli. As a

consequence, emotion becomes unstable. People living in mutual relationship with

others become aware of their immature selves for the first time in adolescence, and try

to be independent from their parents and teachers. With excessive sensitivity of

self-consciousness in mind, they respond to the surroundings and want to make sure of

their own existence. What is occurring in the brain at that time? Cortical neurons in

the primary sensory and sensory association areas respond, and transmit information

to the frontal cortex. The mechanism in which the cerebral association area adjusts

and controls the activities of limbic structures and diencechalic regions should
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“properly” be activated in adolescence. Namely, the control system of the neocortex

over the limbic and humoral systems, especially the frontal association area should

properly be formed at the time of the brain development, when the maturation

(including myelination) of the prefrontal area accomplishes, which is the leading role of

governing the whole function of the brain. If developmental disturbances occur at this

period, characteristic features of mental derangement would occur; aggressive attack,

resistance and self-conceit, characteristics in the youth. Their standard of judgment

is still on the way of admittance from the grown-up society, which is not defined with

firm consciousness.

Ambivalence can be observed in both cognitive and emotional aspects, appearing

more frequently in the latter. The evaluation of positive and negative values,

contradictory to each other, exists simultaneously in the same individual. For example,

feelings of superiority vs inferiority, confidence vs dependence, respect vs contempt,

obedience vs resistance, and love vs hatred.

Ambivalence is one of the most prominent symptoms in patients with schizophrenia.

In adolescence, man feels it hard to respond to sudden, unstable changes from

emotional aspects, the self being not established, social identity (the term borrowed

from psychoanalysis) not being formed and remained immature. In the society, he or
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she becomes to be treated as an adult, unfortunately.

Thus, adolescence is an important period in life, for the formation of self-identity,

self-consciousness and mind/spirits/morals. On the other hand, views of life or

philosophy that have been taught in the family and at school are forced to confront with

contradiction/inconsistency with those in real/actual life, and through the contact with

society man should compromise and accept the necessary evils. "A good child" who has

been obedient and subordinate to parents and teachers, confronted with difficulties, is

requested for the first time to stand on his own feet. Since he will be asked in his

speech and behavior to have his own responsibility, he will be confused and be amazed

in the social, when its environment is not normal. For the character formation, proper

development of the prefrontal cortex in adolescence becomes a key, since its function

includes ethics and morals.

Addiction to stimulant drugs and hypnotic poisoning (often provokes psychosis) has

recently become a serious social problem. These can be regarded biologically as

disturbances of humoral, autonomic and immunological systems; involving mainly

neurotransmitters and receptors in the brainstem level as well as in the forebrain.

The problem of the drug dependence causes the disorders of personality and character.

Disturbances or abnormality of appetite (anorexia and bulimia nervosa) or a sexual
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desire is also deeply related with the dysfunctions of rhythms chiefly of the

hypothalamic centers, occurring very often in the adolescence. As stated above,

expression of libido in both mind and body in puberty is a characteristic and

troublesome matter which represents difficulties in becoming assimilated into the

development of self. It is controlled and regulated in the modern society where the

direct expression of libido is legally taboo. What is regulating as a whole is the cerebral

neocortex, especially the prefrontal cortex, sending fibers to the limbic structures.

As mentioned above, functional processes of the prefrontal cortex that regulate and

control subcortical structures corresponds to the formation of self-identity in

developmental psychology. Adolescence is the period of “Sturm und Drang”. The

general concept of values on the relationships between parents and children and

between teachers and pupils loses its basic background, and may break down, which

ultimately requires the organization of mind and body. Man recognizes himself as

being the social existence in the course of life from boyhood to adolescence, and has to

obtain "us" in "me" in the company. That is, through exchanges with people, and the

social rule and responsibility grow in the mind. Biologically, this corresponds to the

stages of neural development from the posterior association cortex to the prefrontal
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cortex.

In their childhood and adolescence, the young people worry about their inharmonious

way of relationship between themselves and others. They have a tendency not to openly

divulge their feelings. While they bully and disregard others, they pretend to be good

children. In adolescence, their behaviors are often inconsistent and contradictory,

being unable to express desire and dissatisfaction. Mentally, they are insecure,

impatient and stressed, and likely to fall into insomnia, nausea, and autonomic nerve

breakdown.

Recently, serious distortion of social environments has produced juvenile

delinquencies; hijacks, killing innocent people etc.  The whole society is responsible

for these criminals and must pay every effort to improve the environmental situations.

Physical disturbances of hormonal regulation in the central nervous system, and

disturbances in the regulation of the cerebral neocortex upon the limbic system and the

hypothalamus need to be investigated further.
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Conditioned reflex and the mind

It is not easy to handle the problem of mind; the whole products of the brain

activities. Mental activities in man have close relations with the language function.

In the central nervous system, scientists can study mechanisms of the motor, sensory or

reflexes in proper ways. However, when dealing with the products of higher nervous

activities; “mind or spirit”, various aspects of recognition, thinking, judgment, language,

and emotion, particularly in higher primates, they often face hard situations.
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Even the greatest neuroscientists such as Wilder Penfield, neurosurgeon, and John C.

Eccles, neurophysiologist, who have devoted their lives to understand the higher

nervous activities as neuronal functions by means of natural scientific ways, advocated

the existence of mental energy or the existence of the “liaison brain” towards the mental

third world in their late ages. They unfortunately reached the conclusion that the

concept of the soul cannot be reconciled with our present knowledge of neurosciences as

products of the higher nervous activities, and they tried to solve the problem of mind

and body (=brain) in dualism. Furthermore, Roger W. Sperry who studied the

functions of the left/ right hemisphere using the severed hemispheric (split) brain, and

Ragnar Granit who examined the control of movement physiologically on the subcortical

level, they both left the standpoint of materialism and asserted from the position of

idealism, saying that psyche brings about materialistic changes or that neurons in the

brain work with definite purposes. The above-mentioned authorities are pupils of
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Charles Sherrington (1861-1952). Sherrington is a distinguished scholar who built the

foundation of the modern neurophysiology, whose reflex reflex theory is ; the brain has

the action which integrates many reflexes in an organic manners and completes

complicated movements.

In contrast, Russian physiologist I. M. Sechenov (1829-1905) published a book

entitled "Reflexes of the Brain" (1863) from the standpoint of materialism. He studied

the mechanism of the central control of the reflex movement at Claude Bernard's

laboratory, and published this work after he returned home in St.Petersburg. The

guiding principle on the research of Sechenov is the determinism (the term is contrary

to the vitalism), in which conditions of existence of all the phenomena in the living

bodies, like that of non-living bodies (inanimate objects), is absolutely determined.

And he extended/adopted the principle of reflexes in the lower parts of the central

nervous system to the activity of the psychological activities of animals, and opened the

way to establish the theory of higher nervous activities, conditioned reflexes achieved by

I.P. Pavlow.

Descartes termed the automatic reaction of living bodies as "reflexes", that occur as

results of nervous induction reaching the brain, the idea being the mechanistic idealism.

He advocated the principle of human’s rational psyche, and tried to explain human
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psychology by means of the concept of reflexes. Changes of the historical concepts of

the reflexes to be followed to Sechenov, Sherrington and Pavlov have been described

elsewhere (Kawamura, 1999).

Sechenov described in his book “Reflexes of the Brain” that all actions or behaviors in

our lives, whether conscious or unconscious, can be called as reflexes in a broad sense,

and that psychic processes will cease when sense organs stop to receiving stimuli.

Pavlov regarded the year 1863 as the starting point of his research when the book of

Sechenov was published. As the fundamental principle of the conditioned reflex

theory, Pavlov believed that "no actions exist without causes, motives nor stimuli”. He

considered that every neural action and every psychic phenomenon has actual reality of

the objective existence, it can therefore be explained materialistically through objective

physiologic studies. He defined conditioned reflexes as reflexes of living bodies acquired

in their individual lives, and the unconditioned reflexes as innate activities of definite

reflexes, non-dependent upon the cerebral cortex, genetically/hereditary

unconditionally fixed, and most importantly these are bases of a variety of behavioral

reactions which are formed as conditioned reflexes.

Conditioned reflexes are classified into two parts; the first or primary and the second

or secondary signaling systems. The former signals are perceived stimuli directly
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coming from sensory organs, whilst the latter signals have unique characteristics,

bearing indirect nature of signalized signals ({75 ®{57%) . The first and second

signaling systems are also called the sensory and language signaling systems.

The fundamental principle of the nervous processes occurring in the cerebral cortex is

apparently common in ape and man, although the cerebral cortex in man is far more

developed and highly organized than that in ape. The enormouse development of the

human cerebral cortex, characterized by immense growth of cortico-cortical fibers

connecting sensory, motor and association areas, including linguistic areas, has been

caused by using tools for hunting and farming, labor for production, and communication

in the society.

The relationship between the association cortex and the second signaling system

(language signal system) of the conditioned reflex will be considered below. Animals

receive sensory stimuli first in the epithelium of the sensory organs and perceive and

recognize the information in the brain, the highest analyzer being in the cerebral cortex.

Generally activities in the brain become more complex and refined as impulses travel

through crossing over synapses (by means of synaptic transmission), thus shaping the

brain in evolution.

In monkeys, inputs of somatosensory, visual and auditory systems have been shown
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to converge on a certain area in the posterior association area, i.e., the cortex

surrounding the superior temporal sulcus (STS region) (Jones and Powell, 1970). The

same is the case in cats, showing that the same kinds of inputs converging on the cortex

surrounding the middle suprasylvian sulcus (MSS region) (Kawamura, 1973a, b, c).

The organization of association fibers that converge upon a certain region in the

posterior association cortex is shown to be surrounded by these sensory areas of

different modalities. This leads to the development of highly advanced areas of

recognition, assuming that corresponding parts are present in man which can be

conjectured as a highly developed cortical area from the phylogenetic point of view, i.e.,

the primitive linguistic area in the posterior association area (Wernicke area).

Anatomically, the STS region in monkeys may correspond to area 39 (angular gyrus)

and area 40 (supramarginal gyrus) of Brodmann (1909) in man as it takes similar or

analogous location in the human brain (Kawamura, 1977). The developmental stage of

this process can be considered as the transitional stage from the first signaling system

to the second in Pavlovian terms, animals communicating each other by using socially

defined signals. As a means of communication, we have languages by showing

gestures, and by talks and letters different from the levels of simple emotional

expressions, in which reactions or a kind of reflex movements are expressed
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unconditionally. We can hardly think it the same in essence when information is

conveyed by crying sounds in emergency such as "dangerous” or “be careful”’. As the

development of the language shows for example in higher primates, repetition of

emotional expression and gestures in life generate common rules of understanding with

particular signs in the society. Namely, communication or transmission of thought and

ideas always accompanied by recognition and emotion, the latter being supporting

underneath. In the human brain, there are close relationships between the cerebral

neocortex and limbic structures, which has been demonstrated scientifically from the

standpoint of phylogenic development.

Gesture languages can be seen in the communities of monkeys and chimpanzees, and

also seen at the initial stage of communication by using novel languages, or in the

conversation among deaf and mute persons. Although each has its own condition,

signals by gestures have common significance, transmitting ideas or concepts by means

of body language. It indicates a likely possibility that general idea/representation can

be transmitted among individuals by using gesture.

Formation of ideas (or concepts) in the spoken language (parole, conversation,

hearing speeches, etc.) is closely related to the fact that sensory images have achieved

relative independence from the individual mental process into phonetic signals.
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Therefore, it needs to be objectified and has some sort of common rules to be followed in

the society beforehand. Phonetic signs, unlike gesture signs, bear themselves own

features. It is almost impossible for monkeys to use such signs that bear their own free

will. The brain of ape can discriminate sounds of different frequencies, but can hardly

understand the meaning of spoken words lacking emotional tint. There are indeed

qualitative changes in the understanding of communication between gesture and

phonetic signs. This has been materialized in the process of evolution from ape to man,

being able to form an idea from phonetic signs, and elevating further from the concrete

idea to the abstract idea. As the history of languages shows, the letter language

followed the spoken (phonetic) language. Then the language system has created a new

era of a deliberate thinking. The brain thus has reached the stage in which various

language centers in the posterior and anterior association cortices are in active together

as a whole.

Propagation of impulses directing towards the prefrontal cortex (= the anterior

association area), as mentioned repeatedly above, is absolutely necessary for the brain

to develop into the stage of abstractive way of thinking. Through these processes, the

active center of Broca (so-called the motor language area) has been formed, creating or

adding new functions of special characteristics; abstraction and generalization. The
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second signaling system of conditioned reflexes (of Pavlov), qualitatively highly

developed, can be accomplished through these developmental processes.

The process of acquiring language through the evolutionary stage from ape to human

probably resembles the developing process of language acquisition occurring in human

children. In newborn babies, myelination in the brain is completed only in the primary

motor and primary sensory cortices, but not in the association cortex. Brains of six

month- old still have hardly any myelination in the prefrontal cortex. In 3 year-old

brains, myelination is in its first stage in the prefrontal cortex, and it is only slightly

advanced in the posterior association cortex. At the age of about 7, most of the

posterior association cortex is myelinated, but in the prefrontal cortex myelination is

only completed in the adolescence. Physiologically, oligodendrocytes that cover the

axonal sheath facilitate the conduction velocity of impulses in the nervous system

contribute to the maturation of the brain activities, mentally and bodily.

Maturation of the cerebral cortex, being accomplished by development of both the

association cortex and cerebral limbic structures, has close relation with activities of

recognition, emotion including linguistic functions, which can be elevated to the

expression of higher levels. Desire occurring in the animal brain is fundamentally

related with the limbic system together with the brainstem reticular activating system.
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Consequently, the higher order of volition and will develop, making it possible to fulfill

intentional and planned actions. Higher levels of volition are the products of the

higher nervous activities that regulate emotional feelings involving the limbic

structures and modulate cognitive functions occurring in the posterior association area

by the aid of the backward propagation from the prefrontal cortex. Thus the results of

the present brain science are precious and useful to build up a new method of education,

particularly for the juvenile and adolescence, and also to promote the wheel of our

history; level up the standard of social welfare, culture, arts, music and science.

Marx and Engels further developed the evolution theory of Darwin, and pointed out

that “the intentional and conscious activities of life in human beings can essentially and

characteristically be distinguished from the activities of life in animals" (Economics and

Philosophy, Memorandum, Marx). To avoid misunderstanding, the essential point lies

not in the presence of consciousness, but it lies in the fact that they do cooperative

works with alert intention in the society. As a fundamental and leading element, labor

is considered as the first and foremost impelling/driving force stepping toward the way

for the human from the ape, i.e., homonization or humanization. The activity of labor

is indeed an advancing, driving force in the continuity of animals and man. This

viewpoint has been elaborated to write an article; "Role of labors by which monkeys
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humanize” (Engels, 1876). His researches elucidated various aspects of related

problems of evolution, labor and language. The functions and development of the

cognitive association system, those of the language areas, and those of the prefrontal

and motor systems and so forth are presently being elucidated and proven in the

modern neurosciences.

As seen above, the higher nervous activities that underlie emotion and recognition

systems are composed of three systems; cortical sensory (the first signaling) system,

linguistic (the second signaling) system of conditioned reflexes, and the subcortical

unconditioned reflex system. Since the concept/idea is the abstract action of the

language, the second signaling system of conditioned reflexes is the basic nervous

activity. The basis of emotion, on the other hand, is chiefly the action of the first

signaling system, connected largely with subcortical structures (regions which

constitute the limbic system including the amygdala, the septum, the bed nucleus of

stria terminalis, the nucleus accumbens/the ventral striatum). Neural circuitries and

processes of nervous activities that support the mechanisms of cognition and emotion

are interrelated closely with each other, as discussed above by showing anatomical and

physiological data. Cognition and emotion are thus indispensable aspects of two

indivisible phases, which reflect actual existence in consciousness. There is no emotion
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without concept, and no concept is present without emotion.

Pavlov in his late years, after 80, worked in a psychiatric hospital and analytically

observed patients of various types of mental diseases, for example, obsessive, delusional,

hypochondrial, and depressive symptoms. We can read detailed reports on these topics

written by himself ( I. P. Pavlov,1903). He tried to explain these abnormal symptoms

as activities of higher nervous system, using the concept of the second signaling system

of conditioned reflexes. Pavlov continued his researches in psychiatric illness,

particularly the experimental neurosis over 15 years, and he searched for effective

methods of therapy and wanted to carry steps toward “scientifically healthy

psychotherapy ".

Man can understand the high levels of abstract ways of thinking, and creates music,

arts, literature and sciences which can be inherited to the next generation. Biological

studies of abnormalities of the human mind and spirit are indeed to be pursued in

psychiatry.
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Ivan Petrovitch Pavlov was born 26™ of September 1849 in Ryazan. He was educaterd

at the University of Saint Petersburg and studied the natural sciences and became a

physiologist.

In 1903, Pavlov delivered a speech entitled The Experimental Psychology and
Psychopathology of Animals. at the 14th International Medical Congress in Madrid,

where he read a paper

He received Nobel Prize of Physiology and Medicine in 1904. He died of pneumonia at
the age of 86.

Pavlov’s famous concept is the "conditioned reflex" (or in his own words the

conditional reflex: the translation of ycioBusIii pediiekc into English is debatable).
In this work he developed his idea of "nervism" .

In the 1890s, Pavlov was investigating the gastric function of dogs, and later children,
by externalizing a salivary gland so he could collect, measure, and analyze the saliva
and what response it had to food under different conditions. He noticed that the dogs
tended to salivate before food was actually delivered to their mouths, and set out to

investigate this "psychic secretion”, as he called it.

Ivan Petrovitch Pavlov was born on 26" of September 1849 in Ryazan. He was

educated at the University of Saint Petersburg and studied the natural sciences.

In 1890s, Pavlov investigated the gastric function of dogs by externalizing a salivary
gland so he could collect and analyze the saliva. He noticed that the dogs salivated
hearing the foot—steps of a man who gives them foods in the lab. This phenomenon
was called “psychic secretion” which led Pavlov later to study the mechanism of
psychic diseases. In 1897, Pavlov published a monograph: The Work of the Digestive
Glands.

Pavlov created the definitions of the four temperament types: 1) the strong and

impetuous type, 2) the strong equilibrated and quiet type, 3) the strong equilibrated
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and lively type, and 4) the weak type, which largely correspond, respectively, to the

Greek terms 1) phlegmatic, 2) choleric, 3) sanguine, and 4) melancholic.

In 1903, Pavlov delivered a speech entitled The Experimental Psychology and
Psychopathology of Animals at the 14th International Medical Congress in Madrid.

He received Nobel Prize of Physiology and Medicine in 1904.

“Conditioned reflex” (or in his own words the conditional reflex. the translation of

yCJIOBHEIN peduiiekc into English) is a concept or theory, termed by Pavlov.

In his late years, after 80 years of age, Pavlov worked in a psychiatric hospital, and

observed, studied, discussed on the problems of psychic illness with clinical doctors.

He died of pneumonia at the age of 86, on February 25" of 1936.
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Aberrant sense of agency in patients with schizophrenia : Forward and backward

over-attribution of temporal causality during intentional action
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Self-disturbances in S have been explained and studied from the standpoint of an
abnormal sense of agency.
Confusion in the experience of temporal causal relations between the self an

external world may underlie self-disturbances in S.

Self-disturbances in schizophrenia have been explained and studied from the standpoint of an
abnormal sense of agency. We devised an agency-attribution task that evaluated explicit experiences
of the temporal causal relations between an intentional action and an external event, without any
confounding from sense of ownership of body movement. In each trial, a square piece appeared on
the bottom of a computer screen and moved upward. Subjects were instructed to press a key when
they heard a beep. When the key was pressed, the piece jumped with various temporal biases.
Subjects were instructed to make an agency judgment for each trial. We demonstrated that an
excessive sense of agency was observed in patients with schizophrenia compared with normal
controls. Moreover, patient groups had a greater tendency to feel a sense of agency even when
external events were programmed to precede their action. Therefore, patients felt both forward and
backward exaggerated causal eff i cacy in the temporal event sequence during the intentional action.
Confusion in the experience of temporal causal relations between the self and the external world

may underlie self-disturbances in schizophrenia.
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Sequence

Fig. 1. lllustration of the trial. Each trial started with a dark computer screen, A square piece then appeared at the bottom of the screen and moved straight upward at a uniform
speed (22 mmy's). Subjects were instructed to press a key with their dominant index finger when they heard a beep. When the subject pressed a key, the piece on the monitor
jumped 35 mm upward, with various temporal biases.

A

B
::p]b voluntaryaction 2 . 2 a d}m i . voluntary action
jumping jumping jumping

(Key-press) (Key-press)
v ‘F Time W ' Time
'.—’; E

—100ms ontime +100ms
tempaoral delay

(0~ 1000ms)

Fig. 2. Temporal sequence of a trial. A: Adion-linked condition. Temporal delays were introduced from 0 to 1000 ms in 100-ms increments. B: EPA {event prior to action ) condition. EPA
trials were indluded duringwhich the movement ofthe piece on the screen wasbased on the beep and not on the key press, wherethe movement of the piece was programmed to precede
subjects’ intentional actions. There were three EPA conditions in which: the piece jumped 100 ms before the beep, at the time of the beep, or 100 ms after the beep.

[111]
Cerebral cortex KRZE
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Connections involving motor areas (Tanji, 1999)

Ant Cingulate
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Posterior Parietal cortex,
RAR - A - FREREERE O @G

Insula

SEEH—%  in connection with Broca area, HC.E#% ?

Anatomy

The anterior insula is larger than is the posterior insula. Most of the input to the anterior insular
is derived from the basal part of the ventral medial nucleus in the thalamus and the central nucleus of

the amygdala. Furthermore, the anterior insular also projects back to the amygdalas. The posterio
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insular, in contrast, is connected to areas in the primary and secondary sensory cortices. This region

also receives input from the ventral posterior inferior in the thalamus via the spine.

Overall,

The insular cortex, sometimes called the insula, is integral to the experience of emotions, the
processing of tastes, the memory of procedures, and the control of motor responses as well as

interpersonal behavior.

Functions of the insular cortex

Risky decision making

The insular cortex seems to be intimately involved in decision making, especially when the
outcomes are uncertain (e.g., Preuschoff, Quartz, & Bossaerts, 2008). That is, individuals often need
to decide which of several alternatives to pursue. Occasionally, some of these options could
potentially elicit a host of aversive outcomes. When individuals anticipate the possibility of potential
adversities, the insular cortex seems to become especially activated (e.g., Critchley, Mathias, &
Dolan, 2001; Smith, Mitchell, Hardin, Jazbec, Fridberg, Blair, & Ernst, 2009). Indeed, anticipation
of negative stimuli is regarded as one of the key functions of the insular cortex (e.g., Seymour,

Singer, & Dolan, 2007).

Perhaps because of this anticipation of negative events, activation of the insula is correlated with
risk aversion (e.g., Kuhnen & Knutzon, 2005; Paulus, Rogalsky, Simmons, Feinstein, & Stein, 2003).
Indeed, after lesions of the insular cortex, individuals prefer more risky options in gambling
tasks--that is, options in which the outcomes are less certain (Clark, Bechara, Damasio, Aitken,
Sahakian, & Robbins, 2008). Presumably, when this region is activated, individuals become more
sensitive to adverse possibilities, sometimes called a sensitivity to punishment. Risky alternatives, in

which adversities are possible, thus seem less appealing.

Moral decision making

The insular cortex also seems to be involved in moral decision making. That is, in many
instances, individuals need to decide between two alternatives. One alternative will increase equity.

The other alternative will reduce equity but increase the aggregate resources. To illustrate,

114



governments might need to decide whether to fund all schools, which improves equality, or only the

schools that perform well, which can encourage performance on average but undermine equality.

As fMRI studies highlight, when activity in the insular cortex is elevated, individuals
subsequently prefer the more equitable option (Hsu, Anen, & Quartz, 2008). Thus, the insular cortex

seems to inhibit inequitable as well as risky decisions.

The Ultimate Game task has often been administered to assess these preferences towards the
equitable distribution of resources. Typically, participants interact with another person who has been
bestowed a sum of money. This person is then instructed to share a small amount of this money with
participants. If participants reject the offer, neither they nor this person receive any of the
money--but the outcome is equitable. If participants accept the offer, the other person does retain

most of the money and, hence, the outcome is not equitable.

As Sanfey, Rilling, Aronson, Nystrom, and Cohen (2003) showed the insular cortex becomes
activated in the aftermath of unfair responses. Hence, the insular seems to represent inequity.

Furthermore, this activation often translates to rejection of the offer.

Anxiety and neuroticism

Some researchers maintain that elevated levels of insular activation might vary consistently
across individuals. That is, activation might be especially elevated in some individuals, across a
range of settings. This elevated activation of the insula might coincide with neuroticism and anxiety
disorders (Paulus & Stein, 2006). This premise is consistent with the findings that insular activation

is associated with sensitivity to punishment and adversity.

To demonstrate, in a study conducted by Stein, Simmons, Feinstein, and Paulhus (2007), a series
of positive, neutral, and negative facial expressions were presented. Interestingly, in patients who
report elevated levels of anxiety and neuroticism, both the amygdala and insular were especially
sensitive to the emotional expressions. Similarly, Wright, Martin, McMullin, Sin, and Rauch (2003)

showed that insula activity is elevated in individuals with phobias of small animals.

Furthermore, drugs that alleviate anxiety have been shown to suppress insula activity, as
reviewed by Paulus and Stein (2006). An example is lorazepam, a benzodiazepine drug, which can
curb panic and other forms of anxiety, but also reduces insula activity (Paulus, Feinstein, Castillo,
Simmons, & Stein, 2005). This finding also aligns to the proposition that many anxiety disorders

might coincide with elevated activation of the insula.
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Bodily awareness

The insular cortex seems to be involved in awareness of bodily states (see Craig, 2009; see also
Karnath, Baier, & Nagele, 2005), and this awareness also modulates physiological responses. For
example, the insular seems to be involved in the awareness and sensation of pain (see Baliki, Geha,
& Apkarian, 2009). Even imagining pain in the body activates the insula (Ogino, Nemoto, Inui, Saito,
Kakigi, & Goto, 2007).

In addition to pain, many other bodily sensations activate the insula, such as warmth (Olausson,
Charron, Marchand, Villemure, Strigo, Bushnell, 2005) and stomach distension (Ladabaum,
Minoshima, Hasler, Cross, Chey, Owyang, 2001). These responses to bodily sensations can then
affect physiological processes, such as regulation of blood pressure, especially during exercise and

exertion (see Williamson, McColl, Mathews, Ginsburg, & Mitchell, 1999).

Motor control

In addition to representing bodily sensations, the insular cortex is also involved in motor control,
such as eye movement, swallowing, the cardiac system (Williamson, McColl, Mathews, Ginsburg, &
Mitchell, 1999), and speech (Dronkers, 1996). For example, the insular cortex is vital to facilitate the

articulation of long, complex sentences (Borovsky, Saygin, Bates, Dronkers, 2007).
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Box 1| The co-activation of the AIC and the ACC

Itis understandably mystifying that a region of a Cingulate sulcus
the ventrolateral prefrontal cortex (the anterior
insular cortex (AIC)) and & region of the medial
prefrontal cortex (the anterior cingulate cortex
(ACC)) are co-active in so many behaviours,
because such widely separated regions in the
cortex generally have distinct roles. The

insular cortex was long regarded simply as a
visceral sensory region, based on findings by
Penfield, Mesulam and Saper®-®, whereas the

medial prefrontal cortex has been associated

with conflict responses, impulsive behaviour
and autonomic activity. In an earlier article |
suggested that the insula and the ACC be
regarded as limbic sensory and motor cortices Rhinal sulcus Collateral sulcus
that respectively engender the feeling and the

motivation (agency) that constitute any Laterobasal cortical amygdala
emotion. This suggestion was based on the

dual lamina | spinothalamocortical projection

to both the insula and the ACC, the b
co-activation of these areas in virtually all

studies of emotion, their respective descending
projections to sensory (parabrachial nucleus)

and motor (periaqueductal grey) brainstem |
regions, the overall anatomical organization of ! Olfactory
the frontal cortex into sensory and motor bulb
networks, and the evolutionarily ancient imbic
role of the cingulate cortex inintegrated
behavioural control. | regarded the AIC as the
probable site for awareness on the basis of its Insula
afferent representation of the ‘feelings’ from

the body, and the ACC as the probable site Olfactory cortex:
for the initiation of behaviours. A recent

peduncle

Olfactory tract
Anterior olfactory nucleus

Diagonal band

S

review”” offered support for this view and an
explanation for the anatomical separation of
the insula and the ACC. The ACC evolved first
as a motor-control region aligned with the
sensory integration, in the hippocampus and Entorhinal area
the amygdala, of olfactory-guided graup
behaviour in mammals. The insula evolved later
for cortical processing of homeostatic sensory
activity in the individual animal. The two
regions naturally became linked for integrative
autonomic control, and in mammalian evolution
the insula grew as limbic behavioural activity
became aligned more with autonomic activity
than with olfactory activity. This anatomical
perspective’ is illustrated in the ventral view of
the brain in the figure, which reveals the
common relationship of these structures to the
olfactory epithelium. Figure is reproduced, with
permission, from REF. 87 © (1999) Elsevier.

Basolateral amygdala

Hippocampus

Precuneus,

Precuneus shares intrinsic functional architecture

in humans and monkeys

Daniel S . Margulies et al . 200 9)
Evidence from macaque monkey tracing studies suggests connectivity-
based subdivisions within the precuneus, offering predictions
for similar subdivisions in the human. Here we present

functional connectivity analyses of this region using resting-state
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functional MRI data collected from both humans and macaque
monkeys. Three distinct patterns of functional connectivity were
demonstrated within the precuneus of both species, with each
subdivision suggesting a discrete functional role: (i) the anterior
precuneus, functionally connected with the superior parietal cortex,
paracentral lobule, and motor cortex, suggesting a sensorimotor
region; (77) the central precuneus, functionally connected to
the dorsolateral prefrontal, dorsomedial prefrontal, and multimodal
lateral inferior parietal cortex, suggesting a cognitive/associative
region; and (777) the posterior precuneus, displaying functional
connectivity with adjacent visual cortical regions. These functional
connectivity patterns were differentiated from the more ventral
networks associated with the posterior cingulate, which connected
with limbic structures such as the medial temporal cortex, dorsal
and ventromedial prefrontal regions, posterior lateral inferior
parietal regions, and the lateral temporal cortex. Our findings are
consistent with predictions from anatomical tracer studies in the
monkey, and provide support that resting-state functional connectivity
(RSFC) may in part reflect underlying anatomy. These subdivisions
within the precuneus suggest that neuroimaging studies
will benefit from treating this region as anatomically (and thus
functionally) heterogeneous. Furthermore, the consistency between
functional connectivity networks in monkeys and humans
provides support for RSFC as a viable tool for addressing crossspecies

comparisons of functional neuroanatomy.

Conclusion

While the resurgence of interest in the precuneus has generated
novel research questions regarding high-level cognition (1-3), it
would be erroneous to overattribute functional roles in the absence
of clear evidence. The search for common denominators of these
functions must be accompanied by efforts to delineate functional
subdivisions based on anatomical evidence. We suggest that a more

complete understanding of the potential involvement of the precuneus
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in a diverse array of clinical and psychiatric conditions, as
well as a wide range of cognitive tasks, may benefit from the
consideration of functional boundaries within the precuneus and
also between the precuneus and posterior cingulate cortex. We
propose that the subdivisions based on precuneal functional connectivity
patterns observed in the human brain, which are related
to tracing studies in the macaque monkey, can serve as initial
mavrkers for further investigation

We have shown that the precuneus and other areas within the
PMC comprise a series of related but discrete regions that participate
in distinct functional networks. This differentiation is especially
important considering the rise of interest in the default-mode
network, the posterior component of which is typically referred to
as a single homogenous region, the ‘‘posterior cingulate/

>

precuneus.” The clear differentiation of the precuneus into 3
functionally relevant anterior-posterior subdivisions merits further
attention in the evaluation of activation/connectivity loci within the
region. Further work i1s needed to understand how the complexity
of precuneus, and its interactions in several large-scale networks
that have been preserved across species, relates to high-level

processing in both humans and nonhuman primates.
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FEBYDERMBEFBDHVEICIE ERELEDITTHEVHELAH D EENHDHEL
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TOENTEL-BBEDH-LLWVEETH o=, TLTIORECETH . EHTHELETFTLAK
DIREICHO>TENZRARICL TS, HREDBELHBIERLEEHLLIZDTHS, ARDOH
BICORTRENH-DEEDH A EITES T NTATDERBIFBIRICOVTOHZE,
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DaR diese Erklarung der Entstehung der Sprache aus und mit der
Arbeit die einzig richtige ist, beweist der Vergleich mit den Tieren. Das wenige, was
diese, selbst die hochstentwickelten, einander mitzuteilen haben, kdnnen sie einander
auch ohne artikulierte Sprache mitteilen. Im Naturzustand fuhlt kein Tier es als einen

Mangel, nicht sprechen oder menschliche Sprache nicht verstehn zu kénnen. Ganz
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anders, wenn es durch Menschen gezdhmt ist. Der Hund und das Pferd haben im
Umgang mit Menschen ein so gutes Ohr flr artikulierte Sprache erhalten, daf3 sie jede
Sprache leicht soweit verstehn lernen, wie ihr Vorstellungskreis reicht. Sie haben sich
ferner die Fahigkeit fur Empfindungen wie Anhanglichkeit an Menschen, Dankbarkeit
usw. erworben, die ihnen friher fremd waren; und wer viel mit solchen Tieren
umgegangen ist, wird sich kaum der Uberzeugung verschlieRen konnen, daR es Falle
genug gibt, wo sie jetzt die Unfahigkeit zu sprechen als einen Mangel empfinden, dem
allerdings bei ihren allzusehr in bestimmter Richtung spezialisierten Stimmorganen
leider nicht mehr abzuhelfen ist. Wo aber das Organ vorhanden ist, da fallt auch diese
Unfahigkeit innerhalb gewisser Grenzen weg. Die Mundorgane der Vogel sind sicher
so verschieden wie nur maglich von denen des Menschen, und doch sind Vogel die
einzigen Tiere, die sprechen lernen; und der Vogel mit der abscheulichsten Stimme,
der Papagei, spricht am besten. Man sage nicht, er verstehe nicht, was er spricht.
Allerdings wird er aus reinem Vergnugen am Sprechen und an der Gesellschaft von
Menschen stundenlang seinen ganzen Wortreichtum plappernd wiederholen. Aber
soweit sein Vorstellungskreis reicht, soweit kann er auch verstehen lernen, was er
sagt. Man lehre einen Papagei Schimpfwoérter, so daf3 er eine Vorstellung von ihrer
Bedeutung bekommt (ein Hauptvergnugen aus heiRen Landern zurucksegelnder
Matrosen); man reize ihn, und man wird bald finden, daf? er seine Schimpfworter
ebenso richtig zu verwerten weil3 wie eine Berliner Gemusehdkerin. Ebenso beim

Betteln um Leckereien.
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Schisophrenia(SCZ A K #HiE)—as a disorder of the corollary discharge
systems that integrate the motor systems of thought with sensory systems of

consciousness.
I. Feinberg and M. Guazzelli in the British J. of Psychiatry 174(1999) 196-204

An efference copy is used to generate the predicted sensory feedback (corollary
discharge) which estimate the sensory consequences of a motor command (top
row). The actual sensory consequences of the motor command (bottom row) are
used to compare with the corollary discharge to inform the CNS about external
actions.

Br J Psychiatry. 1999 Mar;174:196-204.

Schizophrenia--a disorder of the corollary discharge systems
that integrate the motor systems of thought with the sensory
systems of consciousness.

Feinberg I, Guazzelli M.

Source

Department of Psychiatry, University of California, Davis, CA, USA.
Abstract

BACKGROUND:

In spite of intensive research, no causal anatomical lesion has been found in schizophrenia. It
may instead be caused by malfunctioning circuits in the corollary discharge, feed forward
(CD-FF) systems of thought.

HEKFEL. BAD (BERH) BEMIES TIRAEWV, ZHIEBETIBICHOND, LI &~
4 —R74—T—FKxv b7 —27(CD-FF)Z 8T 2 RS RERI I O | K4 5
XoThH%,
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H

EDER

p=(111s

feed forward (CD-FF) : —ARICESIMehHEEREKE 7 (— F74+—U—Fx
Yy hU—=27 X5, ZOLTORKENZIHELEELXD, ZOT7 4 —F7+—T—Fxy
NI —7 LiZiES T, BHOEBEDLY FITHAMENRES | 26T (i~ ElETT v
Z L) DRV TVDVATAIV ALY bRy NU—7 L Jidhb,

AIMS:

To integrate with the CD-FF hypothesis recent data showing that subcortical motor systems

participate in thinking.
METHODS:

We review CD-FF concepts in relation to recent evidence that 'motor’ brain structures participate

in cognitive processing.
RESULTS:

Malfunctioning of CD-FF systems that integrate thinking and consciousness could produce

auditory hallucinations, delusions and disorganised thought.

Jackson (1958 in Selected Writings of HJ)’s proposal of “thinking”: complex
motor act. BR D &9 T L ITEMEZE ) EENTT 4 T D, Conserve and
utilize the computational and integrative mechanisms evolved for physical
movement. _ are integrative
mechanisms that prepare neural systems for the consequences of self-initiated
action. In the motor systems of thought, they would act to distinguish
self-produced from externally-stimulated events in consciousness.

WEtERE L 7 4 — R7 4 —TU— K%y h7—2(CD-FF) X, B DA =7 F
T TCIRENTATHDOFRERIK T DML AT LR T DMEH R AT =
ALTH D,
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_rather than anatomical defect in a specific area

# Inter-connections of the anterior and posterior association corticies, evolution,

An efference copy is used to generate the predicted sensory feedback (corollary
discharge) which estimate the sensory consequences of a motor command (top
row). The actual sensory consequences of the motor command (bottom row) are
used to compare with the corollary discharge to inform the CNS about external

actions.

Sommer, M. A. and Wurtz, R. H. What the Brain Stem Tells the Frontal Cortex. II.
Role of the SC-MD-FEF Pathway in Corollary Discharge. J. Neurophysiol. 91,
1403-1423, 2004

MIXDER

B ANECEMIEAENICEEELO>TVET, BIKCAYDRELB S EDBEFRNPEDY,
BEINIABLECLET HIZE. BOMIZHZI—Et—hyTDEHEBITBEEZENT L. HBIE
DR DBEFIZEEIN . REFORDSEMISELNFET, BLELXENTLEITIE. ZOMAD
BEICKY., BIRICBLESADBABNTLENET , BEEFOHR T, BLBEEHHLIZFO
[CHRIEDBMNENTE, a—E—hYTHRBINERLFEREA, ThiE, BOBEEENLE-IEF
IEHEMLOHE>TNT, EDBRDEEZEMAIRYEL TSNS TY , BIEGOEE(EE
PEMNHERFICHKELET AL, BOBEINFV R TRERNEZEVLSEREZ(TES
OTIHEICEVER A, £2 T, BRBELHCEIIZ, EFRMLBRERICTNANSE PEEE
SENTIEHLESERNESNFET  COLILHBROEBE(CHSIHFMTEI L AR
&t (Corollary Discharge) EFFA TULVET,

COFMXIE CDEIGHEFEREFER>TVET . FROMRELTEEN=DENEEDARY
FRIEAY ITRALI-EE(CESEDD) &, EREERT HHER (LLED) DERAIRK (1FULEL
Z<HK) L RTEEREF (FAEIDAR) TY , LEIFKINDRE (P 12HY . REFHRZ B DRIR
PREFLENSRITEY. WEFICHLRKESHHOMEKIESELVHLTWET . BZ
EDHRIZEDLLVEN T A DIEHRIFATEEEICHHRTEEIRTF LT (ENHEEA LR (TEYE
9. AIEEIREF (3, HEFWEZTRY . RIREMTHEREERIRTS5TOERICEHASLES, 6l
BIRFICBVWERERTEEINBEES . —A. RROERAIZET. EEMSIANLEALR
BB AMNELFERER ITRMYRBERFALELET  RIKIE . K& X 1235 5 el i
[ZHY. KiNRE &R LT QR KiNEE— KRR EROP#RDREZR-LTN
EX I
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Efference copies are created with our own movement but not those of other people.
This is why other people can tickle us (no efference copies of the movements that touch
us) but we cannot tickle ourselves (efference copies tell us that we are stimulating
ourselves). An efference copy or efferent copy is an internal copy of an outflowing
(efferent), movement-producing signal generated by the motor system.™ It can be
collated with the (reafferent) sensory input that results from the agent's movement,
enabling a comparison of actual movement with desired movement, and a shielding of

perception from particular self-induced effects on the sensory input to achieve

perceptual stability.") Together with internal models, efference copies can serve to
enable the brain to predict the effects of an action.”! An equal term with a different
history is corollary discharge.*!

D BITIESZRERICHLES
Sommer, M. A. and Wurtz, R. H.

What the Brain Stem Tells the Frontal Cortex. II. Role of the SC—-MD-FEF Pathway in Corollary
Discharge. J. Neurophysiol. 91, 1403-1423, 2004 (March)

Efference copies are important in enabling motor adaptation such as to
enhance gaze stability. They have a role in the perception of self and nonself electric

fields in electric fish. They also underlie the phenomenon of tickling.

Corollary Discharge
Fo d {(Estimated Sensory Feedhack)
Model
Efference oee ¢
Copy Nensory
Discrepancy

Motor

Command

~sensory Feedback
{Re-afference)

134


http://en.wikipedia.org/wiki/Tickle�
http://en.wikipedia.org/wiki/Efferent_nerve_fiber�
http://en.wikipedia.org/wiki/Motor_system�
http://en.wikipedia.org/wiki/Efference_copy#cite_note-Jeannerod83-1�
http://en.wikipedia.org/wiki/Efference_copy#cite_note-Jeannerod83-1�
http://en.wikipedia.org/wiki/Internal_model�
http://en.wikipedia.org/wiki/Efference_copy#cite_note-Jeannerod83-1�
http://en.wikipedia.org/wiki/Efference_copy#cite_note-2�
http://en.wikipedia.org/wiki/Electric_fields�
http://en.wikipedia.org/wiki/Electric_fields�
http://en.wikipedia.org/wiki/Electric_fish�
http://en.wikipedia.org/wiki/Tickling�
http://en.wikipedia.org/wiki/File:Corollary_Discharge_vs_Efference_Copy.png�
http://en.wikipedia.org/wiki/File:Corollary_Discharge_vs_Efference_Copy.png�

An efference copy is used to generate the predicted sensory feedback (corollary discharge) which
estimate the sensory consequences of a motor command (top row). The actual sensory
consequences of the motor command (bottom row) are used to compare with the corollary

discharge to inform the CNS about external actions.

A motor signal from the central nervous system (CNS) to the periphery is called an efference, and

a copy of this signal is called an efference copy. Sensory information coming from sensory

receptors in the peripheral nervous system to the central nervous system is called afference. On a

similar basis, nerves into the nervous system are afferent nerves and ones out are termed efferent

nerves.

When an efferent signal is produced and sent to the motor system, it has been suggested that a
copy of the signal, known as an efference copy, is created so that exafference (sensory signals
generated from external stimuli in the environment) can be distinguished from reafference

(sensory signals resulting from an animal’'s own actions).&

This efference copy by providing the input to a forward internal model is then used to generate the
predicted sensory feedback that estimates the sensory consequences of a motor command. The
actual sensory consequences of the motor command are then deployed to compare with the
corollary discharge to inform the CNS about how well the expected action matched its actual

external action.!

[edit] Corollary discharge

Corollary discharge is characterized as an afference copy of an action command used to
inhibit any response to the self generated sensory signal which would interfere with the execution
of the motor task. The inhibitory commands originate at the same time as the motor command and
target the sensory pathway that would report any reafference to higher levels of the CNS. This is
unique from the efference copy, since the corollary discharge is actually fed into the sensory
pathway to cancel out the reafferent signals generated by the movement.! Alternatively, corollary
discharges briefly alters self-generated sensory responses to reduce self-induced desensitization

or help distinguish between self-generated and externally generated sensory information 2
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Core neural systems referred to in the text, shown superimposed on the lateral view of the
left hemisphere of the macaque cerebral cortex. Circuitry shown in blue represents the
mirror neuron system for action mirroring. Circuitry in orange represents the affective mirror
neuron system for empathizing. Circuitry in green represents the theory of mind related
system. The red line indicates the newly emerged cortico—cortical connection induced by
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particularly in humans, but are superimposed, regardless of laterality, on corresponding
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areas of monkey left hemisphere. Abbreviations: Amg, amygdala; F5, ventral premotor
cortex; Ins, insula; IPS, intraparietal sulcus; MPFC, medial prefrontal cortex; STS, superior

temporal sulcus; TPJ, temporo-parietal junction.

mirror neurons and tool use  Iriki

Cortical areas related to the parietofrontal mirror system

responding to different types of motor acts.10-14 Yellow indicates transitive
distal movements; purple, reaching movements; orange, tool use; green,
intransitive movements; blue, portion of the superior temporal sulcus (STS)
responding to observation of upper-limb movements.4 IFG indicates inferior
frontal gyrus; IPL, inferior parietal lobule; IPS, intraparietal sulcus;

PMD, dorsal premotor cortex; PMV, ventral premotor cortex; and SPL,

superior parietal lobule.
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Common features in visual and auditory functions in music and
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Organization of the cortical association areas and mutual correlations

between the cerebrum and the cerebellum

The cortical association areas develop as the animal becomes higher,
expanding in areas and relative proportional areas within the cortex
increase. From the entire cerebral cortex, including the sensory, motor and

association areas there are large projections , via the pontine nuclei and the

inferior olive among others, to the almost entire parts of the cerebellar cortex.

by means of projections of mossy and climbing fibers. Topographic
correlations of the mossy (4,5, 17 as well as the climbing (3,9, 10,16) fibers have
been studied in fair details(Figs. 4&5). There are also topographic
relationships in the projection from the cerebellar cortex, via the thalamic
nuclei, to the cerebral cortex. As concerns the reciprocal (mutual
correlations) connections between the large and small brains, as they are
commonly called, it is elucidated by Sasaki (28) and his collaborators that 1)
the lateral region of the cerebellum is related to the prefrontal, the premotor

and the lateral part of the motor area, while 2) the intermediate region is
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related to the entire parts (particularly in the intermediate
cerebral cortex (sasaki, ref. 28).
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In Cerebellum new info and old info. Changes the route
Conversion of neural circuit from the cognitive to motor co-ordinate axis (stream of

impulses).
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Routes of new/novel stimuli (shown in red) travel from the posterior lobe of the
cerebellum—thalamic lateral nucleus —posterior association area—prefrontal cortex—
anterior part of the striatum —thalamus

Routes of repetitive/used/accustomed stimuli (shown in blue) travel from the anterior
lobe of the cerebellum —thalamic medial nuclei—supplementary motor area —middle

part of the striatum —thalamus. (Kawamura, 2009)

The cerebellum as organs of movement and throught

HEBH ORI LUK - /NUFEOHEERR X OBEEFE

KRB E A I, B SS IT E-> THRET D, EEBEICHILR L, HESKIZED DEE HHE K
T 5, RKIMREOKTE, @UGEEE, HEL 2 E0AFHEAOHEEN O, BB L OTA ) — 74 K&H
LT, 42 BIRBRHE RS OV ERRHEDS /NI B2 B O TR WEIBC BE AN T o T B, & O B R ARME S &)
4,5,17) 3B J U LHERST 38,9,10,16) ORTERMGE (M4, K¥5) b#~bhTW2, HKEEZTT S
AN > B KRIMBZE ~DOBGHT b RTEMERRD LD, Z O/ - KIMEEL—7ICBI LT, /MK
ERSMARE X RN B O TEBYEFAMAIES . SEBEFTEF 36 K ORIBHATES & ORI, M5, /MR R IR B E D
EETF (& <IZEOPREE) & ORI EEREIMFIET D Z &A% Sasaki 28) IZL-> TH BNz ET,

The cerebellum has recently been paid much attention as functioning
recognition, language function including the thinking (or thought), in
addition to (long been throught) the regulation or modification of the motor
system. In a broad sense, the cerebellum is concerned with the inhibitory
function of the mental activities.
Although the various spheres of cerebellar control are to some extent the tasks of
different parts of the cerebellum, the machinery they employ appears to be essentially
identical. In recent years the idea of the cerebellum as a “learning machine” has been in
focus. If so, it might be imagined to be of importance for all kinds of learning.

In the Behavioral Sciences in 1986,_Leiner and Dow from Oregon have
published an article entitled “Does the Cerebellum Contribute to Mental Skills?”
(Behavioral Neuro-Sciences, vol.100, 443-454, 1986) and discuss this problem.

Neurosurgeons have noted that stereotactic lesions of the most lateral parts of the
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cerebellar hemisphere in man do not give rise to detectable motor disturbances, as one
might have expected. The authors point to the fact that in man the cerebellar
hemispheres and particularly the lateral part of the dentate nucleus are more developed
than even in anthropoid apes. This lateral part is histologically, embryologically and
histochemically different from the medial part. Several anatomical and physiological
studies in monkeys and apes indicate that fibers from the dentate nucleus supply
divisions of the thalamus that project to the frontal association cortex. Scanty evidence
from human studies seems to be in agreement. The authors studied a patient who had a
lesion of the lateral part of the dentate and found that there was a defect in his capacity
to respond to anticipatory clues, in addition to the defects in performing motor acts
correctly. As they phrase it: “the ideational manipulations that precede planned
behaviour were suffering.” The findings made concern only effects on the planning of
motor functions. To discover whether the cerebellum is of importance for the learning
and performance of purely mental skills, will be a difficult task, particularly since the
studies will have to be made on human beings. It is not inconceivable, however, that by
using appropriate psychological tests and tomographic procedures, [(MRI, PET, rBF)]
demonstrating areal differences in blood flow and metabolism some information could
be obtained.( 22)

PNTEEB OFRET - FHEICBST 5 DA 6T, BB - BB LG EEHE. OV TR T #
REDHIEIEENC H B> TV D Z EEH SN TV 5, [/MKiE mental skill ICEBKL TV 5202 ] L
T DML E 20 FERNCHEE LTz Leiner 5 21) 1, b MORESMUBOBEEREFIZ BT, 1782 38 L,
ENERBEL LTETTLE )R TRRINPEFELIARTLTND Z & 284 LT, &ilZ, MRI, PET, rBF

R RILGE) 72 EE2EH L TEEOA A — U2 B0, ek, & ICTHRIEDIMARROBR
EREE L Tna Z LRI TV D,

The cerebellum revisited

Cerebro-cerebellar communication loop

Control-system modeling

Feedback control
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Forward model
EFATFHIERE  Model Predictive Control (MPC)
HiilA & 4 feed-forward reduction of motor variability GE®)4y )

Feed-forward space-code associative learning of the cerebellum (Fujita)

[See Eccles chap Ito in part ] bellow FitlIZ M CHk

4.4. Modeling cerebellar circuitry

Network modeling, as initially undertaken by Marr (1969) and Albus (1971), is essential for
conceiving operational principles of complex neuronal networks in the cerebellar cortex. On the
other hand, control system modeling is essential for conceiving the operational principles of
neural systems involving the cerebellum and extracerebellar systems (for review, see Barlow,
2002). The control system modeling of the cerebellum that was inspired originally by
experimental findings has now far exceeded our present experimental approaches. The
hypothesis that the cerebellum provides forward and/or inverse models of controlled objects has
successfully been applied to produce a robot that acquires a motor skill by learning. Even though
engineering realization by itself is a kind of verification, we are still far from confirming the internal
model hypothesis in a real cerebellum. Thus, cerebellar researchers look forward to determining
how internal models, forward and inverse, are computed within a real cerebellum! Bottom-up,
realistic (experimentally based) modeling also has merit. It reproduces in a computer the
behavior of a single neuron or a small neuronal circuit on the basis of knowledge of the cable
properties of dendrites, activities of ion channels and synaptic receptors, and inter- and
intracellular signal transduction (De Schutter et al., 1999). Indeed, all the updated knowledge
presented in this article concerning cerebellar circuitry at the molecular and cellular levels can be
incorporated into realistic computer models. These three types of modeling approach mentioned
above are complementary to each other and conjointly they should lead in time to more complete

understanding of the operational principles of the cerebellar neuronal machine.

4.5. Cognitive functions of the cerebellum

Leiner et al. (1986) proposed involvement of the cerebellum in cognitive functions on the basis of
the evolutionary development of the cerebellar hemisphere associated with the expansion of the
cerebral association cortex. This view has been receiving more and more support from recent
anatomical, brain imaging, clinical, and modeling studies (see Schmahmann, 1997). Recent
virus mapping in monkeys has revealed the topology of function in the dentate nucleus (Dum and

Strick, 2003). Projections to the motor and premotor cortex originate from the dorsal portions of
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the dentate nucleus, while projections to the prefrontal and posterior parietal areas of the cortex
originate from the ventral portions of the dentate nucleus. The anterior intraparietal area of the
posterior parietal cortex also receives projections from a broad area of the dentate nucleus
(Clower et al., 2005). Purkinje cells located primarily in Crus Il of the ansiform lobule receive
inputs from the prefrontal area 46 and project to the same area 46 (Kelly and Strick, 2003). This
implies that a closed cerebrocerebellar communication loop is also found in the prefrontal cortex,
thereby supporting the hypothesis that the cerebellum provides a forward model for mental
functions of the cerebral cortex. This is analogous to the interactions of the cerebellum with the
motor cortex for the elaboration of voluntary movement (recall Fig. 7). The internal model
hypothesis has been expanded conceptually to apply to cognitive functions such as thought (lto,
1993b, 2005). This capacity can be considered to be a manipulation of mental models that are
small-scale models of reality. These may be used by the mind to anticipate events requiring
reason and an explanation (Craik, 1943). One may suppose that in thought, a mental model of
an image, idea, or concept is formed in the temporoparietal association cortex. In a later stage of
thought, mental models already formed are manipulated as the controlled object by the prefrontal
cortex as the controller. The prefrontal cortex manipulates the mental models, just as the motor
cortex moves body parts during voluntary movements. In an even later stage of thought, the
cerebellum copies a mental model to form an internal model. Thus, thought proceeds with the
internal models of the mental models as the controlled object. Because the processes occurring
in the cerebellum do not reach the level of awareness, the internal model hypothesis explains
how we become able to conduct movements and thoughts unconsciously (automatically yet
skillfully) after repeated exercises. For example, an idea pops out even without an obvious
conscious effort to think it out! This hypothesis also explains diverse psychological and
pathological mental experiences such as delusion, hallucination in schizophrenia, and lack of
sympathy to other persons as being caused by an impairment of a cerebellar internal model
(Frith et al., 2000; Blakemore and Sirigu, 2003; Ito, 2005). The cerebellum may thus govern a
large unconscious part of our mind. An interesting recent report on premature infants showed
that unilateral cerebral injury is associated with a significantly decreased volume of the
contralateral cerebellar himeisphere. Conversely, a unilateral primary cerebellar injury was
shown to be associated with a contralateral decreasae in cerebral volume (Limperopoulos et al.,
2005). This explains how an early-life cerebellar injury contributes to the high degree of cognitive
and behavioral, as well as motor, deficits in premature infants. It will be a great challenge for
future cerebellar research to decipher information of a cognitive nature encoded and processed
in the neuronal circuitry of the cerebellum.

5. Concluding comments

Four decades have passed since Sir John Eccles pioneered a modern neuroscientific approach
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to the cerebellum. The neuronal machine concept of the cerebellum was developed into a
self-consistent form, and its further refinement is still underway. Currently, knowledge in
neuroscience is advancing rapidly at the molecular/cellular level on one hand and the
behavioral/cognitive level on the other. To understand mechanisms underlying the generation of
brain functions, however, it is essential to bridge these two levels with more detailed knowledge
about neuronal circuitry. Without such information, the eventual goal of neuroscience, which is to
understand the brain from the molecular to the behavioral level of analysis, will never be reached.
Cerebellar research should continue to play a key role in this synthesis on the basis of an
integration of experimental and computational approaches. Its goal is to fully understand the
mechanisms and roles of the cerebellum as a universal learning machine involved broadly in the
neural control of bodily and mental functions.

[See Eccles chap Ito in part] above

Ito (13,14,15) have made it clear that the cerebellum also has the “predictive
control” , as the cerebrum having the feed-back control which convert to the feed-forward
reduction of motor variability. (using technology terms). And paid attention upon the
similarities between the motor and the throught.

In the case of the former (motor), people intend to move the body by using or
activating the brain regions in areas of premotor cortex, supplementary motor and primary
motor areas, whileas in the through processing,

working activities in the linguistic association areas of the cerebral cortex and
activate and move ideas and concepts and Ito assumed that

ability of thinking process automatically drive forward

Thinking model (use psychological terms)

Thinking or throught is to let the modeled concept move

“throught is the movement (let it activate ), it = modeled concept in the brain “

Try to apply (correspond) the motor control system proposed in the cerebellum for

the thinking (model ) control system in the cerebrum
1t013,14,15) (X, KD 7 4 — Py ZHliioME . bbb, Tanm & Gl (2 TrRibeE )

(CFHFEEERHLC oz /MElZb > Tna 2 2oL, BB L EIOHBEIMEICER L,
EB)OLEITEB AT, R EBE £ LT ESET 2 @) CHERZBN T, L TEBOLHAIC
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FEBES T 2@ THAPHEZEY . BEmRLaimS ICAEbT 2821 b 0 LHE L, FHF
X TEBIEIMACS 2 ET UEINIMEEBNTZETHD] L0 ) BEROLEZHGEEZ AT TR
ETIV) LD MBIZR W TR S EBIHIER 2 KIMOE 7 AV EERERICEH H5) SE TR

R,

In other words, to explain in other way,
Internal models. A characteristic feature of voluntary motor control is that after repeating a task,
one is able to perform the task precisely and without the feedback that was required before the
task. For example, one can quickly learn to take a cup to the mouth with the eyes closed. A
normally functioning cerebellum is required to accurately perform a quick movement in the
absence of visual feedback.................ccceeniennnn.
In the effort to mimic this learning capability, | conceived the concept of internal feedback from an
internal model of the controlled object formed in the cerebellum via the cerebrocerebellar
communication loop (Ito, 1970, 1984). A similar idea was formulated computationaly as the
“forward model” by Kawato et al. (1987).

(from Eccles chap. Ito)

As the results of repeating influential work(ing) of the anterior association cortex that
contains Broca linguistic area upon the thinking model in the posterior association area
that contains Wernicke area that is one element of memory reservoir supporting the
cognitive thinking, one can use the reciprocal connections of cerebrocerebellar
pathways , and finally becomes possible to the proceed the thought (or thinking pattern)
automatically (in various ways) without avtivities of the cerebrum , once the internally
simmulated model is formed in the cerebellum.

Thus the thinking model will proceed in such following ways shown below.

1) The PFC influences (works) upon the thinking model in the posterior association

cortex.

2) Thinking model that simulates the dynamic characteristics is formed in the

cerebellum.

3) The PFC work upon or approaches to the thinking model in the cerebellum.

After repeating (or repetition ) of the above procedures, and once the thinking model
is formed in the cerebellum, thought goes on semi-automatic and develop the thinking

process unconsciously (Fig.6).
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Thbb, KIMEENTY n— B2 E50anEaER, SRMEZ0BERDITHRE THL U =V =y i
EEDHRESHNICHFETHEBET MICHRVIRLBE NI HRE LT, B MRRMEBENERE LT
BE TROLIEISFWLCEZXDHILEL VIET D BIC, /DMK E RIMEE & O % i 7 [t I B BRI 5
FEA 2,28) EfES T/MUENIZED YR 2 L— hENEEZETANTMREIN T LEIE, IEN, BRI
BREINTEBITEAL T, WD TRMEENIEEIZ 952 L HEIMICEB N ELZ LIk & Lic, TR
ZBET )V I TONEFCHEITT 2, T/42b5, ORBERMTNZESITNOEBZET MM E 2T 5, @
ZOBEBEETNOERME VI 2 L— M AETAE/NMENICIES, OREERTEIXZ O/MMMRNESET L
B, ZOBBERVIELGETSHZ LK, FFEBHNICEZTLZ ENREICRY, BEET LD
WETAA/PMENIC TE L, BERICEZSRESET T2 X012 (K6),

Starting from the cerebellum, flow of novel (or new) and accustomed (repeated)
impulses and afterward, how the flow changes its stream and transform its types,

Now. hear at the first time, the posterior cerebellar hemisphere, transfer
(move from the hemisphere, noecortex to the old vermal part)

Old, accustomed tune, anterior lobe in this fig. 32 (2006), that I made based
upon the data from Sakai et al., (1999), from red to blue lines in fig.32, when repeat
again and again,

Not only the functional dynamic loop of the cortico-striate-thalamic , cerebellar
inputs come to join this circuit . to the cerebellum, all kinds of sensory and motor inputs
enter the cerebellum. Constantly changing situation, smooth, automatic, integrative
mechanism of treating the processing of all these signals,

Basis of music performance, when the activities or info/function of the dynamics
of the cerebellum. Not only motor system, but also the cognitive and language, thinking,

second signao processing system of I.P. Pavlov. Fig. 33 total picture !

WIZ/NRZE AL — |« BA v & LTREZ L EOFIROREREO N L2 - Bl T
A LET, EREAD TNV —T (Sakaih, 1999) D FEBREREZ FIZ U CRAMRES 72K 3 2 2R LET
OlFF, 2006), FIDIZHENRZNWED Y XLEMAED &, /MEEEROBIEMNST LETR, 20U XA
WWENLTLSD L, H2WT TRSENZY XA7ER] UL X902 LEHOTLARTEECED | (7
FH#IET L, ZORBTHNZRNADOL— ENOEROL— MIBITLET, 20X T, KIKRE
RNKWILER DOZALTZ T T3 < T REEEHRICE T 5/MEOTEEIZE S AT, LR, 766
WORE(REZ b 5 60 CRREIHERE/ 1 T o0 WLBRAEE) 0O B B FIEHE 22 & ORGICBRT 5 (FROHEED
FBEBZZDZLITHD) MRREE D AT v FREMN TN OERIZED 2B 2 3 31IZHIELT
HE LT,
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a) Hard wired structure f#g[a]#
b) Soft ware (hormone, protein, peptide ) FMAxE
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b h~EHLTAIZHON T, BB ESZeT 5 TEH ONE, ORI REN
mEY. TOMSL/ ML TRE L 72 % . QEEMESFEE S ANESY (RIEHEATE) W
ZHEE L, R EREEZ SR T, et MET 2@ T, SHRHE E TR0
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Wik~ (B2 6 BHEESFBHEOHEASHEIK AL L) . £ L TREN - FXHERO
ATV AIREL 72D, @IMDFEE - HALITHEW, MR -RIESE (&HRIE) —ATEART
P~ & GRFN - BB O COEBERIFEFLLBITT 5 (B 6 < HRRIGECEN K5
B D, 0 DT - sk L 72 D), ORIEARTE OREL | %RES B SRR
DR AADERS, ©KRMEE 2 H0 &3 5 BENE L ORE - FE - SR - BB 208
LCHERT 2. a0y, RIRR, WAIRY, FRRR I OFEREAIEEI OB R, @Z 2
THIHT, B MIBITLHACERICOVWTER LGS, Thbb, aia=7 1—NT
DOILFDOIEE L STRIEENC L 2R ZE LT, @HFEE WA, DL, EEE L IEE
EFLZEBITRITANT, BOVKRHEZ T TENWTEZ T MFOREN] ORETH
DAL ED, AIEHATE OIFENC LV . E ORI OZEOH TRER I D,

EMIELFEAEZT L EICLVHRY EEELZHVWESHEICEL 2 Ia=r—v
a VAN SE, AERAER, 3227 0 — 2B L TE 2, ZOHEIIEE ORENLIZ
%, ATEHATEF OIX72 6 ENHFLIIEFIZE U 5, 2054, EEROIX, B 5ot
{EDFEM & D, THEEOEWWIK] 721 o= TliZel, ZOHRTHEEFETHE v H)
MBFEA B T &2, PR DO EBERICH T 2R A TIEDEM TH D, LEeD
I, R L TORMEBORABERELZ LU T LEoTZALZBICR LT, THBLWY
IR, ZOfEOFTAM E U TOE R A RIE L 7B - B, makis ) a2 Any7s
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LibAlE M E 2L, 4 A—Y (inB-—W) T2,

LB . FEREMTLZL, METS2L, (in BESHE W)

BEW . REAICEAMEZR - TREZHY . SWERTTT 224, (inB—W)

TEE . ATEIEERIL. H¥EL, EFEELX 2775 (BE - REEM) . TLT £h
#F=vr (GTE) ¥2, (in BIEERTE — &KESE)

PLED X 912, RHFFEAERNTIZ, KAK R EE DFEEL L HIC TRAEOHEE] 1RIEKT
5o
AT EET 2 b bR EEENRD D,
B - A - BREIO LoV R SRS W - - - - Kk D Matching
B, S35% - BCER - AR - #hstk - - - - EIRO Matching
X14 — “X14”  R@3EDFET D, Hofh—& (GEDOGHE) Ik
(Aufheben),  IL[FEIEE - #1288 U T, fESMERTKR S VA MERRO &%
VAAVASSY g

B) I BME

Self-consciousness, recursive, working memory, executive function, language,
social communication and behavior, abstractive way of thinking.

The highest level of the consciousness, only homo/human/or at least the higher
primate can reach. Self-consciousness
H Efﬁ . Self conscious responsible for the Insula, PFC, Anterior cingulate.

ffi# =% :  Non-self conscious responsible for the Inferior Parietal area 7

cf . read papers of Rif I &7t
Aberrant sense of agency in patients with schizophrenia : Forward and backward

over-attribution of temporal causality durin intentional action

Self-disturbances in S have been explained and studied from the standpoint of an
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abnormal sense of agency.

A7 )= BT L > TN T BMRT & 2 TR E e — XD ER
bbb, TOLE, X—%NIRELT, BGONEMADZ EIZL - TiE
amzizt& BOOBETEZIMN LT &EFEET D) (self ., sense of
agency) . AL b ZDEDPMD TN TEID ST LK C 5D non-self
B & PO DLER, T20bTAROEEOAMAZHE L TH L D4
7328k (agency judgment) T& 5,

self &R 1 insula, non-self &% 13 inferior parietal 238 5- L T\ %

We devised an agency-attribution task that evaluated explicit experiences of the temporal causal

relations between an intentional action and an external event, without any confounding from sense of

ownership of body movement. In each trial, a square piece appeared on the bottom of a computer

screen and moved upward. Subjects were instructed to press a key when they heard a beep. When

the key was pressed, the piece jumped with various temporal biases. Subjects were instructed to

make an agency judgment for each trial.

refer (Mirror neuron system, F5-7BA) and importantly the precuneus (this region

may be responsible to the “hub”or “surveilance” for judge on the Self/Non-self )

Use of instruments (monkey experiment) Parietal cortex (Iriki A, ARE )

I IREBAERE DS & I DEERIZEAL : = o POVE BAERFIRRIC X 2 REH

FREEROBEHEK 1 PS—TP JREMBEEOHE red

BiF-I9—==2—mr (IFEFNREC] OEZ orange

SR - AT A (MB72EC] OER) TOM, green

17— zma—mr-VATL (IHEHRECE] OX%) BEHNNESKE F5 Blue

il L EE DR SRR OBHBRIC L o TH BB EBIETE DL 912> T NERMEA] WRBIZRD
NINFIWMSI UTHFEL Tz, Ba R0 TET) ORENRXR Y hU—7 %21EV | TH—1
BRED] KM Lz MIERBAEENSESRT D
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Current Opinion in Neurobiology

mirror neurons and tool use  Iriki

Core neural systems referred to in the text, shown superimposed on the lateral view of the
left hemisphere of the macaque cerebral cortex. Circuitry shown in blue represents the
mirror neuron system for action mirroring. Circuitry in orange represents the affective mirror
neuron system for empathizing. Circuitry in green represents the theory of mind related
system. The red line indicates the newly emerged cortico—cortical connection induced by
macague tool-use training. Note that the green and orange systems have to date shown
particularly in humans, but are superimposed, regardless of laterality, on corresponding
areas of monkey left hemisphere. Abbreviations: Amg, amygdala; F5, ventral premotor
cortex; Ins, insula; IPS, intraparietal sulcus; MPFC, medial prefrontal cortex; STS, superior

temporal sulcus; TPJ, temporo-parietal junction.

Parietal lobe : f&Hfdt—EB Tsutsui (IPS, 7m=precuneus, anterior insula) ,
Parietal reach region [ZDUL\T,
IPS DOEEIE%AERIZHSDE Andersen HMNE>TLVET,
#{F@ Andersen and Buneo (2002) Ann Rev Neurosci ) P.199 #Z&ELfZ&LY,

INTENTIONAL MAPS IN POSTERIOR

PARIETAL CORTEX
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Abstract The posterior parietal cortex (PPC), historically believed to be a sensory structure, is now
viewed as an area important for sensory-motor integration. Among its functions is the forming of
intentions, that is, high-level cognitive plans for movement. There is a map of intentions within the
PPC, with different subregions dedicated to the planning of eye movements, reaching movements,
and grasping movements. These areas appear to be specialized for the multisensory integration and
coordinate transformations required to convert sensory input to motor output. In several subregions
of the PPC, these operations are facilitated by the use of a common distributed space representation
that is independent of both sensory input and motor output. Attention and learning effects are also
evident in the PPC. However, these effects may be general to cortex and operate in the PPC in the

context of sensory-motor transformations.

Area 7m (Precuneus) #HilrE9 SHEETEENAIEICHE T4 KIREXH1HHRE B S EHFERS
DS DNWT EBFEBEEE THIXEELTLS,

C) ThREFEZESS )

WELESE S corollary discharge = efference copy Z #7547 9 E#) 2 KA RICH
55
Cf: &35 3k

Schisophrenia(SCZ & K #HiE)—as a disorder of the corollary discharge

systems that integrate the motor systems of thought with sensory systems of

consciousness.
I. Feinberg and M. Guazzelli in the British J. of Psychiatry 174(1999) 196-204

Jackson (1958 in Selected Writings of HIJ)’s proposal of “thinking”: complex
motor act. %X 5 &) T &M E R EBN T4 Tdh S, Conserve and
utilize the computational and integrative mechanisms evolved for physical

movement. (ROIISMMCISONECIRCNNCCUSONUARGIOIDR rc integrative
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mechanisms that prepare neural systems for the consequences of self-initiated
action. In the motor systems of thought, they would act to distinguish
self-produced from externally-stimulated events in consciousness.

WEPERSH & 7 4 — R 7+ —VU— %y hU—2(CD-FF) X, B DOA =37 F
T Tl SNTAT R DAGE RIS T 2k T AT LA M| T DM AR A T =
ALTHD,

_rather than anatomical defect in a specific area

# Inter-connections of the anterior and posterior association corticies, evolution,

corollary discharge FEf¥%4+ Efference copy

Corollary Discharge
N Forward {(Estimated Sensory Feedhack)
il Dodel
Efference ode ¢
cory Sensory
Discrepancy

Motor ]
Command

Sensory Feedhack
{(Re-afference)

An efference copy is used to generate the predicted sensory feedback (corollary
discharge) which estimate the sensory consequences of a motor command (top
row). The actual sensory consequences of the motor command (bottom row) are
used to compare with the corollary discharge to inform the CNS about external
actions.

Br J Psychiatry. 1999 Mar;174:196-204.

Schizophrenia--a disorder of the corollary discharge systems
that integrate the motor systems of thought with the sensory
systems of consciousness.

Feinberg I, Guazzelli M.
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Department of Psychiatry, University of California, Davis, CA, USA.
Abstract

BACKGROUND:

In spite of intensive research, no causal anatomical lesion has been found in schizophrenia. It
may instead be caused by malfunctioning circuits in the corollary discharge, feed forward

(CD-FF) systems of thought.

HARFEL. RO (BERR) BEMEETRE, TRIZBETIRICHDNS, ML & 7
4 — K74 —U— K%y b7 —2(CD-FR)Z BT 2 RS REIR I s 3 R K4 5
koThob,

FFBEDE S
feed forward (CD-FF) : —AMICEBEMehIHBEREREE 7 +— 7+ —U—F*
v hU—J XS, ZOETORKIEHEZLELESEZD, ZOT7 4 —R74—U— KXy

N —27 Li3E ST, EEOMLEDY FITHFMENELS | 26T (£ EWERTT v
H L) DBRMTWVWDEVAT AT DL bRy hU—7 & Kidnb,

AIMS:

To integrate with the CD-FF hypothesis recent data showing that subcortical motor systems

participate in thinking.
METHODS:

We review CD-FF concepts in relation to recent evidence that 'motor’ brain structures participate

in cognitive processing.
RESULTS:

Malfunctioning of CD-FF systems that integrate thinking and consciousness could produce

auditory hallucinations, delusions and disorganised thought.
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D) KR E-KNEEZ>RKR->KKNKE

FELEFRE & corollary discharge = efference copy Z #2547 9 i 2 R R ICH 5
¥ %, We will consider this problem in this circuitry.

BB T 5, the most important circuit !

2
JHEDFEE E fERED £
F2NX

Whp b (Z25) DFER
BlFE DREPREFREMR) ~
FEME4yE99%  (schizophrenia)

REERNT D2 L bbb DMOFR (B i)
FHRIIABBEBFCTHD (N m—h, 2 §L)
FRHEE DN —r A N T

fa CHAZ Ko TR

R E LT, 35903, Rk — 1R T — #5823 B 4~ 25 i k% o0 f5 Bl il 4 oD 1

P (ambivalence) DOFEEAZFHIETHHOLE L THAEL LS ITES,
. DEIRITHE A OB D RN TE Z 2WKA TR W E AR O ANAxRNEZEZTWD,
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[F—DJRKTE Z 2FREHM TH D72 513, 3l LEROR A &0 | RS & 3
HWLTEHDTHA D, FHE, Kraepelin [T£ D K 5 REFRIC L DHREHA 2B L U THRF
ATV, dementia praecox & L CHZYRDOER 2 L TEOMEE S o272, ZTD
A R IIAZZ U, B C b B 2 L L TRy o T, ER &l & 2 B L7,
L LZDB GRS Z < | E. Bleuler |3l & 0 DBBEH] 2 B4 U 7 | BLAE G 5lA%
A, BRA. EIEMM A EARE L CHREBMEEL 20 BIF, 41 Gruppe der
Schizophrenien & U CHEHAREEEZE 27,

COEIIHREPIL, B THL (F—) ORELIIALRSNA (heterogeneity),
Crow [% 1980 4EIZ, FEM 3 RRITZEM, ORLEBEE O X 5 2EMER CRESIT b D
[ R L EAERC2FEE N O X9 R EMER TR T b s DRI SN D L 1RE
L7z, IAOERIT Schneider O—#RIEMRICELIL TEBY . TR OERIT Kraepelin R
Bleuler D3R DEAIERIC—E L TWD, 77205 I BUEBIHIEM S ZN, THRERE
FEIABME 3 20 O KRB ICFEIN T 5, ST, 2O TAUINAN R — 33 ARER O H >
DEACIZEE L, TR R — "2 AREROZITIIEEE T, T L AHEE MO
BWEMIZBZ L SBERL TV D LT %,

BRI

ZOBRBOREITA LML SN TR, MEEOT I %R, KA v R—LT
T2 (km b=r) ROBERETME R K OWR T — M F A — R ER (HP AR),
—HRER (HPTR), — MR (HPGR) ZELTDHR/NVEDURHEIREEIC L D8
RERE L VWO MEROLERNEE o TNDHHDEEXHND,

BRI O AL FIIMFSE D RE I, BN T R UHFZEDRESE Lo THIR S TidZevy, 1946
0 von Buler [ X 2WILEMW ORI TD / VT RLF U O RIL, BMOFEFET >0
e DES T L7 o7z, 1954 4E1T1%, Vogt, M. 12XV /7 RLF U OIS Ai ASEA
DM S, MR IR ICEE IS T 2 2 E B E Sz, DDV T 1958 FITiX,
Carlsson HIZ & VMHFLEM) C R—/ "IV OBN DA BB S, 2 vT KU U D534
R L 1T E e ) SRR R ORISR SR EIC A LTV D Z &R I, 8P
ZOZELFEELIZEY E FoMEAWTHRE I, 20X RN, VT R
T U v L R OMRE. R —/3X U L HERAN IR SR OBRE L OBIRNIER SLD LI
ALY

—J5. Bu h=0% 1948 12 Rapport, Green J LN Page |2 L D HEHREN I NT-08,
1953 4E1T1% Twarog & Page |2 K 0 LB CTOAFIED, D3 T Amin HIZ X W HIRT
EIZ LR EIREICIR I LTV D Z EMB BN &, 1957 FCE Y Udenfriend —JRIZ
W FLENA D BN 3 A 2 BERIC ARG L. R RGR & Wb L D EAZIC @R IS LTV D
AW L. HENCBIMR L7 BAHRIERE & OB 2 RIE LTz,

1960 FAUUC A - TH AL T ORI LY | £/ 7 I AFEHFFROEIT HIREBIZH S
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DT I A, S HITHRIEMME TR, SRR PR ERAEB PR HIEB LORLIER EAZ W T,
INbO=a—a ORI R AEICHED b, 7= a—m 2 L INEEE L OBIfR
DR END L9 oTz, —FH. 19651 ED T T ACBITH 7 u— L7 a<2 D%
ERERIR DIRIRA~DIGH., EHICT AU B TO LRV E > OIREEH OBF 2 1308 b SR 2
Dy & 7R o Te, TDHE /T I bR MAO) BREHRIC K 5 9 D DIEHREN R Kline
HIZ X DA Xd, 1957 FEIZIX Kuhn 231 L 77 102X D 9 DR DIRIEIRERELZZ
LIk, 2 OWOFEREINC [T TIBFROMSE & A L F IR AR BRI T I &
AT HWIZREE LT T2 v T & 72, 1960 FRICIRH SN2 D WO 7T I G, 372
DH, DORICBITAMNT I DA, BUEICEIT A ZDOEME WD B ZITO L O
2L, WS ONDEESCHEAN 2 ENRNLABIZES> TS,

FERE. TAMA (epilepsy)

TADPADKRET O RMEE =2 —a NI bb Y7 uat A4 RSN EKH R
BERMRECH L LERINL D, RBATMICEZ 285851 LTE, HrLWEE GHEEHE
Bp & MAEHEE L 70) THHWEE (BIZIXHE T e AE) ThoTh L, £z,
UIE LIEZE ORI B89 5,

Lennox |% 1928 4EIZ 285 5 38/E2 M & DIEMRE] & L722s, 1960 4EIZIXF—F%
D TIEDFAEMAEBI R & U CRBE SN OMER] EEER LT, TIUTEBEREN OREH
M HER S5 HIICAM S22 LT 5, FKotid 1964 4F TREZ SAEMEICS VIR LT
BITOED FIIEIE N TAMMADAERRET, ZOEENMOETRE 2T 5] &L
77

H < Alzheimer (1898 ) IZ L W EMED CAM A (BIEDFIREM T ANA) IZHEA DR
& LA . (Ammonshornsklerose) 23& T H AL TUN =23, Spielmyer, WA# 2 (1927
) 13 Z OFFE DR OB O MMM E VARG X SRR L TH D L Lz, BIEDL 2
DRI ICEMTANADEREFHIELITETZH LTI THRN,
TAMAMFIENC BB 7258 2 Je7= L7=DIX Berger, H. (1929 4) DMK DR A TH 5,
M IC LN = —n COBEIREIC LD a2 BRAEHBONIEN L 1T
bhd L Hihkoi,

TADADAEACERINFFEIE 1940 AERBN S 1950 FERHIHAIZ 23T T OMRAALF DO RRL
WD, o7 2 IV, vy —7 2 BEE (GABA) . FAIZ X 0 GIBR S - ik o 7 &
Fal vip EOWE LB OBROMIENED BT, TOIEEREE WS BRITHED
ROBERH, = x X —RE@, 7 VB, A A2, B EOELDE S 4L, Tower 12X
0 Z ORI E TORZEN 1960 FEICF LD BT, 1

1967 HIITERET L L VNI I B R TADAICERI LI TADAET VELTOF U R
U 72T ANER LT, ZOFETIICEY TADAFME, TANATERIBERE, & A
PEDBFFENFIRE L Te o723, F72 206 DAL ST,

171



TADepilepsy BIEE IR E =2 —n o DOEH L7 Ba i I L - Tl E 228878
j(ﬂ[’—q*{f/%ﬁb E-Dwéﬁ)éo

TADPAEE T U LIRS L > TRIEMTRINC B BEE SR b b, 21k
D BB AMICBWT, — o2 —a U RNEFHL THSOMEREZ LTWAE15TH
5o EERIITIIFRVEMEI SRS paroxysmal depolarizing shift & L THILINLTEY .
Z D% EEG TR 2 5 RIS IS DR B Z 5, 2D shift (ZHLFE L7
T TR BT DB OR OBAALFNET ¥ o 2zt Lic T B U LeH
U AERIZE - T Z 5,

ER CIERENE= 2 — 2 U0 b OBEITEHOMEMEDNE= = — v > 2 FEMEL LTt
A & 2 OJEFHOTEE ZIEl3 25, 1F& A EDMFINED > 7 ZIIMREEME D v —
aminobutyric acid (GABA) ZFH L TW5b, BAEZHETHNL T DMEIFEDO D U 7 LD
MAVFTHE= 2 —r o TIEM S TR . BEZMGIT 5 @<, =62, gk
HEhs AP K077 v riol b, AO=a—a X/ EdT 277 /v bk

—ITRET D LIS ko THRRBE ZMEI T 5, 1 4 F v o 2L O M=

R YRV T ADEEFEICL ST, ZOMFEES S D L RIEOERDIEE SN D
LI D, e, MEFERICHER Y N =7 BEER SN L X RO REMEY —
Ty FBHERIND & D=2 —u IFEFHT 5,

JAPT I DPE BAT N D OEFF A G D S > TR E 5, FEIEMI MM O, #
JISMZ A U O DB ER LA O = 2 — 0 U RS 5, EOBENENT 5 &, ik
RO N T LOFADEEIM L., BRI HE 58 posttetanic potentiation & LT
HHALDWIRIT K o THENE S 7 2B 2 MR EE O A EINT 2, Z ol

TIXENMBEZ T v o RV TNZ I VRV T 2 — A A F v v D 5 LON
-methyl-D-aspartate (NMDA) U Z 3@ U CH/L T T AFADRENNT 5, NMDA L& 7% —{kfF
PEF v U RNVEELZAIN T T DA T ZBiESED0, IEEOY T T ARETIEI~ 732 Y
TEAFT AN R ->TTry 7 ENTWDHTeD, liEIE LTREBIZH D, v 72T A
X227 vy 73R K-> TR S D, —J5, D v 7 2 nEo R R ITE
F@%@ Ko THAT 2, SIREEDHH GABA f71EF T GABA L& 7' % — DRl 72 Ul

BHNIL Z DD DIRIN & 72 5, B 2B ORI = = — v - ORIFAA 722 i
Eéfzﬁ)_ LT, TADPARIEZREZTZ LT D,

TRMET AP ANTBN T, IHIPEREIRE O & BN = 2 — 1 U ) b ORHEE R 2%
FEADOIEBICERE TH D, FFRETANA TR, AT E I3 ER R MGIE— IR
ACTHD, LonL., BERM~ 17 2 lethergic mouse (1h,/1h) DHFFED B 1T R FEVEDIEEE
BWRICOWTHIREDZ EBRPALNITR > TS, KREEX, =2 —a iz
TIERBEED B v L@ (T, F7E—@MEEGR “transient” current) 23EMEAL I I
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HZEICE o TIEZ NS EFAEDHREEN G ET 5, HUERH|Th 5 ethosuximide X
EMZBWTTF vy oz 7oy 7 LRMFEEZIHIT 2, TF v o R VEHITER D1
IYRBOBITTEEAL STV, GABAL LB 7 ¥ —DiEMALIFEK = = —a 2oL, T
T X U FNOTEELE R Z LT T 5, BBk~ D 230 E 5 — 6Hz OBERIES % £
O RMINEE LITLITEZ L, B FOXRMREIEICHN SN FURBANCSOGT 5, 5 2 %4
B EOB—DERNZ OFPEERLEEREBOFENTHLZ ERMLNATND, ZO~Y
ATIERIGZE D GABA, L7 X — ORI L CTE Y, GABA, 7 2 =A hT& % baclofen
FRELE(LSE, 7oA A= NIRRT 5, 2D EIX6ABA, LB Z—DfkRE, H2
UVMEFEBLO B BN RBIEOBAEICEE CTHDH Z EE2RBL TN D,

FHRRSE

Pavlov O R % H W= SEBRARIE X% IR A EF TH B,

X7 0 ZIEGM R AR L NS bR R & PR b EE & OB A B0 L7223, R
AT DI TERMRIEE), 2 L IC KOG MERRICBE A BT T 5 K9 1tk oTz,
ThbbH, b 5EERME THOEMENEZREBIMIEE O RICENEZEE, 80 F D
BRIZ3E LT b ORMIE R F 2 YD T,

8 2D EMNTIE L= 37 1 7 A, 1931 4E, ~L o TR F—EEEMR RS T, (5
BREGARE] & LGB L2 b DIC R D & B RETE., T rT7onbd 5 R
PRIE 2 L 2 9~ DI%, FEFITIRVENNZ 52 DD &, BAVHEIlnCk © X 5 7 i re
R E 525 &0, HDHWVITERSM I L - THIIEEBENEEZEIE LD &, B
WEE, HlIEREE & 2RI ST D L) RGN EZ LN ENOEETHDL LD, £ LT,
IRBIEWTRY, BEREE S HIEBRO &5 L0, D \NEE O 7 OFREIEEN A,
g LD, BELIZBH WL SN 0T D707 EAIEEIA Lz, B3 510, SRt
WZ2 535 KIMEEOREER EIHIER & DONRT AR LI TND Z & A IEH Ak
REOERTHY, 2O S>OEHOELLN—F, H25WIE = >O/EMMOBIRIZ TS H
DEFEDEZ STERFICERE RISV AR OND & LD TH D,

BIEIh 28O REITHNIIEIETH LD, HlEEBRAE RECBH bbb D%,
N7 7 E, NEORER, fEIRKRE, b ¥ L7y — BERRER LT RE b0 L
Lz, EEMICRONDIRIRLEN, TR0 RERBORIL 2 BE L EE %
PIXNFE ORI ORABIZ R E B 2 5, £ L THFENELCEIBAISRIL. WO RN
BRI H LRI L > TRESUCSWIREBIZZ> T2 bOIRERMIT oD & Lz
DTH D,

N7 ZNEEDREDOREE LT, ZROREKHOERNFTIEZ L > TH LN WAER
RRED, NIRRT AT U — R — 37 1 7 I3MRIED % . BB
VYR HoT, TO3IWIGTTWIEL ) THD —ZIX L, BRSO 25 L
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FCHEBETEL20TEHRVWNEBBE L, 2F 0 NEHOMBIEIZ A G5 &[F URERE
FORMEERETHZ LTk, BICHESELZENTELOT, ZhIZE-TA
HOMBIEZMRAT 5 TN 2L OonARE EEBEX DI TH D, L LIIEFREIIZ, &
BRENIC OV T ORERZE I AFHOBREFICY TLD 5 Z L IOV TIRZITEET
RTIUER SRV EERT DS Z EE BN oTo, TRERD L HORED Z ORAIL,
FEROMFBEDTDDT T o ThoTe LT RETHA D, BT r T, NEHOITH
BREEDSEN) D Z TN TE L MR 2Bl & LT, ABEIZBW T, [ RE
R ELEIOREEBOREOLL I EEEMLIZZ L MbETND,
LIATHERILLELTI IR LARTNIE R B0RDIE, /X7 1 7 OMRIED EERIC
BT, ELDOTHISLRLTNREZ) TRVWREDBNTZEWVWIFEENLHFEL T, RO
PEIZM SO DB 5 Z & 2B FER L., [#RIE] O E 72X ORISERIT & > TR
BOEECTHHZEMS ERT DL oot ThHD, ZLTIOEEBERL, A
HOBMES LOHRICAET 0L LT, REFEZERT LML B0 & < 7H
ENTHDHDOTH D,
(K TEsthEZOARME] X 0)

i1

% 3

XK Inversion of recognition pattern

Phantom theory or hypothesis (H. Yasunaga, 1972,1987)

According to Yasunaga (1972, 1974, 1987), the principle pattern of recogniton: in
terms of the concept, A=B in healthy normal person is apparently reversed in
schizophrenic patients, and way of the talking of his own experience apparently
inversed, which can be described as A<B. It is so-called the theory or hypothesis of
"inversion of patterns". As Wauchope (1948) describes, the "pattern" is a form of
representation meaningful for living things, that is, a pair of fundamental
categories in the description of the world of experience. Below, shows several
examples of the pairs (concepts A and B, either of which predominant to another),
namely, self —other, quality —»quantity, whole—part, life*matter, unity—difference,
life—death, etc. The concept of these patterns is established or materialized
within a moment and can be understood that there are common, logical

symmetrical/asymmetrical correspondence among these pairs. In the case of A—B,
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A is logically predominant to B. That is, provided that A is the starting point of
lively-experienced understanding, then the concept that B is not A is logically
understandable.  For example, “self” is basically understandable in living
conditions as the principal starting point, so “other or otherness” is understood as
“not self”. When the situation is reversed by predominance over B of A expressed
in what we call schizophrenic experience, the predominance between A and B must
be reversed also in the logical expression of patients. The patterns of A—B
structure occurring in the normal person differ in schizophrenic persons, in whom
the pattern is unconsciously inversed having structure like B—A. It is a
paradoxical experience which healthy subjects can never “nachleben”. Yasunaga
explains that in the direction A—B, the relation is contingency and spread
divergently as plural arrows, whereas in the direction B—A, the relation is of logical
necessity and has tendency to converge upstream to the single origin. Most
obviously, the category pair of this asymmetry would be the pair of life—>death,
explaining as in the followings : death is perfectly expressed by “no longer living”.
However, “living” can never be expressed sufficiently by “not dead/not yet died”.
Nobody knows by experience what “death” really is.

Yasunaga explains further: experience in healthy subjects can generally be
expressed by A=B. Namely, subjective mental activity is in good accordance or
harmony with the pressure of existence from the outer world, and since the major
premise of logical precedence of A is maintained, the conscious image of cognition is
for oneself firm and able to check whether real or illusory. By contrast, in
schizophrenic type of hallucination (mainly auditory hallucination), external B
turns into an obvious premise to which subjective A can barely be correlated, being
in accidental and conditional states, in spite of normal consciousness and
intelligence ("Mental Geometry", by H. Yasunaga, 1987, Iwanami). In the life of
healthy subjects, there is always a proportional constant between the amount of
physical amount of stimuli from milieu and the physiological threshold when
organisms receive the stimuli. In the mental state of schizophrenic patients,
however, the proportional constant changes in the process of illness and the patients
are not able to perceive the morbid changes. In such situations, the patients
perceive the outer stimuli with the normal standard of the premorbum proportional
constant, thus causing abnormal recognition; illusion or hallucination.
Predominance of the subjective activity momentary changes, and deteriorate so as
to be subordinate to the predominance of the external world in the sensory cognitive

function.
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In summary, the pattern of recognition or sensory images in schizophrenic person
1s lacking some sort of reality and phantom-like, due to the inversion of recognition
expressed by B—A structure, when the principle of the normal patterning of
recognition is expressed by A—B structure. Formation of conversion of recognition
has thus been advocated by H. Yasunaga, being named as "the phantom theory or

the hypothesis".

Inversion of recognition pattern
Phantom theory or hypothesis (H. Yasunaga, 1972,1987)
Schizophrenia vs Non-Schizo.

(concept, pattern )

A=>B A<=B
A—B A<—B

self other
whole part

unity difference
life death

1. Proportional constant betw. Stimuli (physical amount) and Perseption
(physiological threshold)
Morbid changes of the proportional constant
Predominancy of the subjective activity changes momentary
Subordinate to the predominance of the external world in the sensory cognitive

function

0000000000000 00000000O0O0

ME4 BEOBHESL Pavlov (revisited)

(/N\TJA7E704K,1966, 9 T)LRE ., A, JEAR. RAEEELY)

NITOTHERE BRI TE LRV EL LIt KRET—HRANE
WL, ECTEESINEWOLDEETZ. NDEL DI . R DEKERRICH
AT DEICE O THRRIELESET BEAATH oIz, COTYI TIS, AREBMT
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FERMEBREETFFHICOLLIICKRELEMERLNH S LT RMRLT, A
EHYDMREDHVEIZIIRELEMEZEENHHENRONDTHA,

NRIOTEABDNEDEDDERARER——2 0 BEURHRZ 2D £HR
SRERT D, BMIERABEE=DOLH, DFY—DDELFLERFRE—D
FHERFRLL., BIEL, COEEXT TITEMGEEVWERARLTULSD, ThiE
AEHDBHEEDOHEICEHODONEZTHSS, ZDODHBEREE. E—IC. KYE
THEFICHBTIBEHRFHANITEREEIOER, EZIC, KK BTGB
AE— EEZRHAVIREESR. ESIC. ChiF-REBICNBETIE-EER
HINIEBEBSRTHS. COKIIC, ABIIRETRE—DEEBERE=D4-
TWWBH, BiE—2o3 oLhdoTLVEWL, AR =ZD20ERZLE. T 50D
HERLEEFESTDELIITHYSHE0SEERE. ABOFRENEEINIEHRTH
BILERLTWNS, LLTFIE. E20&R0D, BELGEELHFNLGEBEZOmRAICET
51\TO7DRBEEHLI-EDOTHS,

EODRERRIEFIANT, NEERELEDHWEICHEMYEZSIH-T. ARDIT
ENRESEISERSE ., HANEEYDIT ARBICEHGIEEL T, ARDOAK
EBYICIRBZBERIELIETEHLDTHS

RETIZNETHEXHRHRIE., REOIVKANGRHEE~DEILZHLHL,
ENIFANEDEIL T DN TEIGELE S TE LD THDH. cHoDBIIF, THERZ ]
BEUMWGETE, FTEENEDYDFTAIEIN, BITTHEHLOERMTLEL.
FOUOLIZANDLDZERTLEY., AIZEEWNDEDERITEEHRALEIZ, EL
TUAWYDEZR/LLEYDIIG—EDEREREDRIGICEOND BEHK
SONMBTRETRONSDIE., FOVEWEFEN-ERETTHS, BEHERITE.
EFEEFEDEHOTRRICEHERFICEYTEN, HAVIIBYHHEINTHPAST
0B, COTEFE, RETOEEHMMEEIRIGIREANEST HE LIELIE KE
[CHETHFM4REEE. EITBEAOBRZIRERN. BRMEBZHRIBRESR
2. EB—ICEENRCLGEREHAT S, LA L HOBEFXHLEERST OTEELM
FTRHBEEZVESECL, DVWTEEHMEEHOREEZLL>TEND, BEH
RAZRDEZFF. HAEHWICFEEELTRETREICHOON, FIDZRICEE
ELTREICHODND, BREQDAMEEZTLLT. AIFLSEREEEFELT,. 57
HSNDHTHA,

ZDOFDNIAERDAERIE. EENODESEZLNETIE-—DRHHVIIREE
RTHD. TNFZEBEHDOIVEIEI OFYN AN BT EGT I HBEDE—
BETHD. TNEHENEREDOLGMTESIN-. ERNTERNGRTERER
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[CEBFETHD, TNIETRAMD <HMBEHEREDS THDH, F—ESREBEN. B
B, FHNEEORYLOTHY . RIEEROZELERE. SEEZENETICR
(T TEINTULND, ZDREEIINIFESMIC OVWTEDEREHFNHE R T HRER
ERBEL. TN REGHEEROBEZRAICHLANICT I LICHD, TNIETFT =,
ABERAORMRENSDFIH., X LFHBBRICAYCAHRCREES
ENLD, HAWFHBEDRREERI LD, RIFZERITES, E—ESRDHEN
BRI IRENBATELINEELHO>TNDEE, ZIIFETEN-REMIEE
BEICRRSEDIEICIHOTUESREISNSGTH S, BRRESROBHUESTIELF
2. TNEYBERHDIVIFERDER, DFYEEESREEFHERFROVT L
DEZOFERELTHEIYIS, REDEHVLICIE, FEEE., WAIREIZHLHNT
NHADABHRENEELGCVLBEISRVRIFZE—ESROZTHEMAICELT,
NEBEICRRSELIENSET HTHAD,
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Brain science and psychiatry

The whole product of brain activities can be taken as “mind” of animals. Animals
communicate in their own societies, using gestures and voices, and human beings are
able to transfer the products of “mind” to the next generation in the forms of creating
arts, music and literature. Accumulation of the inheritance is embodied as culture and
civilization in the human society, where people of normal as well as abnormal
characters are struggling to live. It is important, therefore, for psychiatrists to study

the abnormal aspects of mind, particularly on the basis of biological sciences. It is one
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of our aims to combine the recent results of the brain science with those of the human

science.

Recognition and emotion are closely related to each other in the expression of “logos”

and “pathos”. Sensory information reaching the cerebral cortex is transmitted from the

posterior association area to the anterior association cortex, or the prefrontal cortex, in

which information of the stimuli can be converted and be bestowed the connotational

significance reflecting the situations occurring in the external world before being sent to

the higher cortical motor system.

Maturation in man, both bodily and mentally, is established in the course of

development, in particular during adolescence, and formation of human features is

closely related to the cerebral maturity which includes the formation of “thought”,

“emotion“ and “volition” and self-consciousness, being the total results of brain activities.

In the working society, through communication with others, humans use words as

sophisticated signals, connecting verbs with nouns, uses verbal tenses, and

distinguishes active and passive voices. Man also expresses and controls feelings of

love, angry, sorrow and joy in the community.

Schizophrenia usually starts in adolescence. Communication with other people
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becomes inflexible and autistic. Although intentional activities decline gradually,

there are no signs of intellectual deficits. However, the disturbance of cognition and

the loosening of thinking ways are very often recognizable from others, and sometimes

hallucination occurs. Schizophrenia literally means the “split mind” (shizos=separate;

phrenia=spirit or mind) or in German “intrapsychische Spaltung” as it has been called.

It differs from “split brain” or histological damage in the brain used in neurology where

pathologic signs or symptoms are constantly obvious .

Thus the "split brain" can be defined as organic and its symptoms are usually

permanent, whereas the “split-mind" may be functionally disconnected concept.

Symptoms of the split brain include aphasia (speech disturbance), apraxia (behavior

disorder), and agnosia (cognitive disorder), which have been studied extensively since

the last century. In 1960s, Sperry and Gazzaniga studied symptoms in patients who

had undergone operations cutting cerebral commissural fibers (the corpus callosum and

the anterior commissure) as a therapy for epilepsy. Admitting that it is fairly logical

and even formal to describe, three types of “splitting” can be discussed below; (Dthe

rostro-caudal split between the forebrain (telencephalon and diencephalon) and the

midbrain, @the split between the right and left cerebral hemispheres, and @the split

between the anterior and posterior association areas in the cerebral cortex.
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Considerations will be given below in the order of (D, @), and @

In the @ split:

Stimuli in the outer world excite sensory cells in the sensory organs, but the

information does not reach the forebrain, with the exception of the olfaction and visual

whose pathways are not interrupted in the border of the forebrain and the midbrain.

Other sensations, such as the somatosensory (except for the face region), auditory,

gustatory and so forth, may remain unconscious. Motor functions are based on

spontaneous reflexes. Activities of the brain may correspond to the level of the reptile

brain (cf. MacLean’s triune brain hypothesis of three-layered hierarchy). Emotional

expression generated in the subcortical limbic system as well as in the endocrine and

autonomic systems cannot be controlled by higher activities of the cerebral cortex. As

a consequence, animals may feel unstable states of mind, and difficult to adapt to the

environmental changes.

In the @ split:

Commissural fibers connecting the thalamic nuclei of both sides, the adhesio
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interthalamica, are absent in about 15% of the human brains. Other commissural

pathways are: in the optic tectum that connects the both sides of the dorsal part of the

midbrain, and the posterior commissure which connects both sides of the preoptic area,

Darkschewich nucleus and Cajal’s interstitial nucleus, the habenular commissure, the

hippocampal commissure and the anterior commissure.

Phylogenetically the newest commissural pathway is the corpus callosum, the biggest

in man. The operation of cutting the corpus callosum was conducted for the purpose of

medical treatment for neoplasm or epilepsy by Gazzaniga, Sperry and others (1965,

1967, 1991). Examinations have been performed in cases in which the corpus

callosum (also the anterior commissure in part) was cut. In the split-brain patients,

disturbance of naming objects in the left visual field, dyslexia in the left visual field,

agraphia in the left hand, and the constructive apraxia in the right hand were

observed. The important result of this study is the discovery that the functional

specialization is evident between the right and left hemispheres in the human

cerebrum.

193



Structural asymmetry has been reported on the habenular nucleus in the mole and

Drosophila and on the Mauthner cell in the fish spinal cord, although the physiological

significance is elusive. The functional difference between the right and left cerebral

hemispheres has been known in the human brain. In higher subhuman primates,

however, the difference has not been successfully studied so far.

The remarkable development of the cerebral cortex in man as compared with that in

apes can be summarized as follows: a) linguistic areas highly developed in both the

posterior and anterior association areas, b) very large frontal lobe, especially the frontal

association area (= prefrontal cortex), and c) a large number of cortico-cortical fibers,

connecting bi-directionally between the anterior and posterior association areas.

It is said in human that the left cerebral hemisphere is predominant over the right

hemisphere in the comprehension and expression of the language, whereas the right

hemisphere is predominant over the left hemisphere in the comprehensive recognition

of compound forms and fragmentized figures to build up the conscious-integration of

Gestalt (Sperry), or in the function of transforming special information into groups in
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images by manipulation or using hands (Gazzaniga).

However, the information in both hemispheres is constantly communicated through

commissural fibers; so that the functional predominance of the hemisphere is not

absolute. With this concept in mind, it is said in general that the right hemisphere is

concerned with images of signs transmitted by means of emotional experience, thus

suited for solving problems using imagination, while the left hemisphere is related with

understanding languages, searching for rules to connect different kinds of signs.

Understanding in the right hemisphere loses its individual colors after transmission

through the corpus callosum to the left hemisphere, thus bearing its common concept.

In the @ split:

The discrepancy between the anterior (or frontal) and the posterior (parietal,

temporal and occipital) association areas will be considered below. The study of

regional cerebral blood flow (rCBF) in the brain of chronic schizophrenic patients was

developed recently by Ingvar and others (1974). They showed that decreased amounts

of rCBF were noted in the frontal association cortex of the patients than in the healthy

controls, and also that increased amounts in the parieto-temporal than the frontal areas

in the patient brains. The increase and decrease of the amount of regional blood flows
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are considered as reflecting the level of the metabolism, correlated with the functional

activities of its brain region. Therefore, it can be considered that in schizophrenic

patients the function of the frontal association area is decreased, while that of the

posterior association is conversely increased.

Based upon the above consideration, the split-mind symptoms of the mental disease,

especially schizophrenia (so to say temporally function disorders), are now ready to be

considered, although highly hypothetical.

Firstly, regulatory disturbances of the cortical functions in the cerebrum upon

subcortical structures may cause impulsive, disordered, and reflective patterns or

manners of emotional expression.

Secondly, the disturbance of bilateral hemispheric communication may cause

deterioration or even loss of normal thinking-flows, thus resulting in the mal-formation

of cognitive conceptualization which may lead to the abnormal cognition ; hallucination

and delusion. Disturbances of establishment of self consciousness occur, as a result of

self-disorientation in the surrounding world together with bitter experience suffering

from other people in the community.

Thirdly, the antero-posterior separation of the association cortices is likely to cause
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declining of activities, volitions and feelings, manifesting sometimes symptoms of

autism or depersonalization. It should be stressed here that the deficits are in many

cases functional and temporal, and that the symptoms are not irreversible to be

involved in the incurable organic deficits. The disease can indeed be curable by means

of medical drugs and psychiatric therapies.

Generating an animal model which represents schizophrenia-like symptoms has been

carried out, by injecting amphetamine or methamphetamine into rats (Utena, 19## ).

The rats which received drugs repeatedly became intoxicated, and displayed some

stereotyped behaviors such as biting, licking, and glooming; so called amphetamine

stereotypia, while other types of behaviors were suppressed. Furthermore, they

became afterwards inclined to display similar symptoms, when the drugs were

administered repeatedly even at low doses. Likewise, when monkeys received

methamphetamine for a long period, they exhibited abnormal types of social behavior

resembling the symptom of autism together with particular manners of peeping and

body-scratching. It was thought biologically that hypersensitivity of dopamine

receptors was formed. Pharmacologically, this is called as '"reversed tolerance

phenomenon" in the sense that it is reversed to the drug tolerance . This terminology is
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deeply related to the term “remembrance of the previous history” advocated by Utena

(1979) in the meaning that previous histories of schizophrenia and/or drug-intoxication

are likely to prepare the readiness of recurrence in inducing the symptoms of the

disease and the stimulant-intoxication.

Repetitive uptake of amphetamine, similar to the over-dose dopamine, stimulates

dopamine receptors (as an agonist), resulting in the hypersensitive state to the drug.

Medication of chlorpromazine acts as a blocker or antagonist to the dopamine type 2

receptors and thus effective for the mitigation of positive symptoms of schizophrenia as

well as for the abnormal psychic states of experimental animal models.

Recently, the relationships between the dependency to the drug and the age of

experimental animals have been examined by Nishikawa and his coworkers. It was

found that rats in puberty are most likely to show schizophrenia-like symptoms after

repetitive administration of the drugs. The age of the rats used in the experiments

were postnatal days of 25 and afterward, the periods of puberty and young adolescence.

At synaptic levels, amphetamine activates dopamine (DA) receptors and produce

positive symptoms of schizophrenia, while phencyclidine (PCP) blocks the NMDA type

of glutamate receptors and exhibits negative symptoms. The former is reactive and the

latter is resistant to the anti-psychotic agents/medicines.
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In experimental animals, behavioral and biological abnormalities induced by drug

injections showed apparent changes according to the developmental stages. For

example, unlike the period of maturity (after the postnatal day 25), the reversed

tolerance phenomenon by methamphetamine does not occur in the juvenile (newborn)

rats (at postnatal days 1-21).

Based upon these data, Nishikawa and colleagues searched for genes, whose

activation is dependent on the development by injection of amphetamine and also are

responsive to anti-psychotics. These genes can be closely involved in the reverse

tolerance phenomenon. Considering the fact that schizophrenia in many cases

develops after the age of a certain degree of brain maturation; puberty, it can be thought

that some kinds of disturbances are occurring in the neural net-work system in the

brain, particularly in the forebrain. The neuro-circuitry develops in the course of

maturation from the infancy to the puberty and adulthood. The pattern of expression

of c-fos genes; immediate early genes, in the striatum and the cerebral cortex was

conspicuously different between mature and immature brains (Nishikawa et al., ).

The cloning of the genes and formation of antibodies will further promote the study of

the schizophrenic brain.

The human brain becomes mature as it develops from the baby/childhood to the
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puberty/adult. Neuronal processes develop, and glial cells maturate to form myelin in

the brain. Various types of neuronal circuitries in the brain are activated and

strengthened by means of active and passive interactions with environment through

communication and co-working in the society. Thus, in the process of constant

activation of neural networks in the cerebral cortex, based on the mechanical basis of

the conditioned reflex, particularly with the help of the second signal system, people can

be educated intellectually and emotionally. This is the fundamental basis of human

activities to create art, music and science.

When the brain is damaged, mental disorder can appear as a consequence. How are

cognitive abnormalities such as illusion and hallucination formed in psychotic patients?

It is evident that loci of the mental disease, for instance in the schizophrenia, do not lie

in the primary sensory areas nor in the primary motor cortex, not in the least in the

brainstem/spinal cord, but do lie in the association cerebral cortex. Considering the

symptomatology of cognitive disturbance, whether visual or auditory, it is the

malfunction of comprehending objects as a whole in a gestalt way, judging the value and

meaning of surrounding events or objects referring to the previous memory.

Patterning of the stimuli from environments, the conceptualization or generalization of
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ideas, and the building up the stream of thought, these are the products of recognition
mechanism, the central role of which is the activities of the linguistic center in the

brain.
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