168" () %1+, ) 1-. Z$0124) 11 (314150061712, 7, 60¢ 17518309 = $4"!

S )I<14#$1=6147, 00$!>$) 97$8!
!



!
Inaugural-Dissertation zur Erlangung der Doktorwiirde der
Tierarztlichen Fakultit der Ludwig-Maximilians-Universitit

Miinchen

!
!
!
!
168" ()*1+, ) 1-. /$1126) 11 (314151061712, * , §0¢" 17$18$09 - $4.!
[
|
|

+,)1<18$!=6147, 00$!>$) 97%4!
1(5!>122(6*!
<(@®)A6$)!BCBC!






Aus dem Veterinarwissenschaftlichen Department der Tierarztlichen

Fakultat der Ludwig-Maximilians-Universitit Miinchen

Lehrstuhl fiir Pharmakologie, Toxikologie und Pharmazie
Arbeit angefertigt unter der Leitung von:!D)#+.Fé, 3" "8 >$#44()'F, 056A6 " 1!
!

[

[

Angefertigt am:!/7#)#" (2!G$A605!4$4!H51614%6! 1 DI<@)AGS$)!

H) 14881 /T8)#" 13081 T )K506$54, 7, *#$! () 41H) 0$) 58+ 2 $449¢) !
Mentor:!F&, 3" "1 2$4E1G 1) $4!1>158) $4 ¢!

[

[






|
I"#S$96& ()*+()#"S)!","-*+.%, )#"$)/+"$0$1(2+&-",)34'%2(0(
H'$)5%H#6+. BA+*+2+4,: 7 +<"$:+(0()8=,&", )

Dekan: Univ.-Prof. Dr. Reinhard K. Straubinger, Ph.D.
Berichterstatter: Univ.-Prof. Dr. Heidrun Potschka

Korreferent: Prof. Dr. Sabine André

Tag der Promotion: 25.07.2020






!
|
[
<$£)$)ILT0$8)1*$ - 420!
!
|






H) 61705+$49%¢A6) 45! ! R

INHALTSVERZEICHNIS

I. EINLEITUNG ...cuciiiiiiniinnsensnissisncssessessessessissessesseessssessesssessssasns wee 1
IL LITERATURUBERSICHT ....oucuiinincuscnssssssssssssssssssssssssscsss w3
1. ANASTRESIE cueceenerinniriinriciniinsnnicnnninsnicssnnicsssnesssncsssnsssssnesssssessssenes wee 3
NENE " B34 )40t , ) IEEEEEEEE R e e R R R R R R PR E R E PP E EE EFEEFEEFEFEEFEEREFEEFEEREEEEREEEIO
2. Das Injektionsanésthetikum Ketamin.........ccoeveeevvueicirnrcscnrcsnnenes v 4
BENE F6P5#" ,A6$2#5A6$!()4!1061621" , 7, *#5A6$!L#*$)5A6130%) EEEEFEEEFEEEEEFECEEEEREEIR
BEBE <,7$" (7183'%#6 " 2$A61)#52$ ) EECEEErErEEEErEEEEFEFEEEEFEFEFFEFEFEFFEFEFEEFEFEFFEFEFEEREFEFEEREREIR
BEOE /TE)E5A6$8! L) 5100 |EEEEErEE R e e R e R R e E R EFEE R P EE R EFEEFEEEEFEEFEEEEFEEFEEEEFEFEEEREREEEE!S
3. Der aniisthetika-induzierte Bewusstseinsverlust..........ccocceeveeesueinecnnee. 10
4. Das thalamokortikale NetZwerk .........coueeneenseecsnenseccsnecsacnsnncnnes .11
RENE J(321(14%5! 16171 2 (5 EEEEEEEEEEFEE R EFEE R EFEE R e E R EFEE R EFEEFEFEEFEEFEEEEFEEEEEEEFEEEEEINN
REBE T() "0, )!14$5! 16171 2 (5 EEECEEErEEEEEEFEEEEFEEEEEEFEEEEEFEEEEFEEEEFEFEEEEEFEEEEFEFEEEEFEFEEFEEEEEEEINB
REOE J (3211485 / , A0SV EEEEEEE R R R R R R R R e e e E R EFEFFEFFEEFEEFEEFEFFEEEREEREEREEREEFEINR
5. Konstitution des Membranpotentials..........ccccceeeeecrvnrcsssercssnnccnns . 14
VENE e I ) L e e e e A s A A e e A A A A e A A e\ L)
VEBE %$A65377$94$6 () *$)19 - #5A6$)! 161712 (5! ()4!/ , Q0B EEEEEEEEEEREEEFEFEREEEFEEEREEINW
6. Synaptische Informationsiibertragung ..........cceeceeeenrcscnercssanecnnns . 18
XENE Y7(01210$6*$! 181) 524554 , ) FEEECErEFEEEErEFEEEEEFEEEEFEEEEFEFEFEEFEFEFEEFEFEFFEFEFEEFEFEFEEREEEEEINZ
XEBE 8<<""J.G$9$Q0 , &% ) EEErEEEErEFEEEEFEFEEEEFEEEEFEFEEEEFEEEEFEFEEEEFEFEEFEFEFEEFEFEFEEFEFEFEEFEFEEREFEEEINZ
XEOE J<<FJ.G$9$Q0, &5 ) ELELEEErEEEEEErEEEEEEFEEEEFEEEEEEFEEEEEEFEEEEFEEEE EFEEEEFEFEEEEFEFEEFEFEFEEFEEEEEEEIBN
XERE Y I [ I$6*S! 181)524554 , ) EEeEeErCreEEEeEeErE e EEEEEEEErEFEFEEEEEEEEFEFEFEFEEEEEEEEFEFEFEEEEEEEEREFIBB
7. Zielsetzung der ATDEit ......ueievveicrcnrinsercssnnicssnncsssercsssnessssncssnsssnns .24
II1. MATERIAL UND METHODEN ......ccninininenrecrecsesecsesessenas .25
1. Versuchstiere und Haltung...........ccooeeiccicvnrcssssnnicsssnercsssnsnccssnnns .25
2. Herstellung vitaler Hirnschnitte .........cooeeeveeseciseensenseccsecnsnncnne .25
BENE O N Y B o)) B i e e A A A A A A A A A A A e A e A o\
BEBE ) R Rl R 0 e e A A A A A A A A A A A e A A A A A A A A A O
3. EleKtrophysiologie . .....cciceccerrccssnricssisnnrissssnnnecsssnnnecssssssncssssssnsssnnes .. 28
OENE 5 $85(A651 (37?1 ( EEEEEEEEEEEEE R R e R R EE R E e R E e R FE e R FEFEFFEFFEFEFFEFEEFEFFEEREFEFFEEEIBW




H) 61705+349$#A6 ) #5! ! Frr MH

OEBE
OEBENE
OEBEBE
OEOE
OERE
OEVE
OEXE

4.

IVv.

1.

BENE
BEBE
BEOE
BERE

%6,7$.=3$71./ ,) 34> (&10# , ) EECEFEErEEr R EE R e R EEFEEEEFEEFEEEEFEE EEEEFEEFEEEEFEEFEEEEFEFFEFEEFEEEIBZ

J)3%808* () *1 4S8! FHQS00S ) EEEEEFEErEEEEFEEFEE R E R R EFEEEEFEEFEEFEFEEFEEFEFEEFEFFEFEEFEEREREEFEEIBZ
>$e50871() *14%81%6 ,7$.=$71./ , ) 34> (&104, ) 1EECEEEEEERERFERERERFECERFEFERERFERERERFEREEFEFIOC
HA$) 0319488 () *1061712, ™, 80# " 17981 -ABL70) $ (& , ) PEEEECEEEEEEEEEEEEEEEEFECEEEEFEEEEFEEEEIOB
<$55()*$)!1)!>=8./1)K7$) FECErErErErErEErErErErErErEEEErEFEFEFEFEFEFREFEFEFEFEREFEEREREFEREREI00
-08,2.-Q1)) O *5?39486 () *! () 4!<<$27261) $1*$) 5A6130$ ) [EEEEEEEEEEEEEEEEEEEEEEEIOV
YI[J3.G$$Q0, &!+$62400$70$!5Q , )01)$!Q , 505P) 1QUHEAGS! - 06\ 2 $EEEEEEEEEEEEEIOX

Auswertung und StatistiK........coeeeeviersercisencssnrcssnncssancssnscssaneces .37

ERGEBNISSE .ccouiinininniinnennnennenssnnssesssesssssssssssessssssssssssassses .39

Einfluss von S-Ketamin auf die intrinsische Erregbarkeit von TK-

IS 1100 1 TS0 1) 1 1) ( NS .39

Wirkung von S-Ketamin auf HCN-Kaniile.........ccccceeeuecruensuncnnee .44
%" ) *!+,)!-./%8012¢)11(314$)!1>=8./1) 111+$2400$708) ! ; , 101*$!-1*EIRR
THESI00H T O *I+, ) I-./$012#)11(314%)1GS$?, () 4! [ (650!" "$71 P EEEEEEEEEFEEEEEEFEEEIRS
%" () *11(314$)!1>=8./1) 111+$240$70$) |/ 10, ) $) * 1) 17!Ho EFEEEEEEEEFEEEFEEEFIVC
TS 068" (O)F +,)! - /80128 1 (3 448! I TUEHSE () *ETH) S0 Q] 5 M Q4! 448!
617?21Ut217$!3 " 0+#$8 () *!1] 5 n 5" EECEEEErEEFEEFEEFEEFEEFEEFEEFEEFFEFFEFFEFFEFFEFFEFFEEREEREEREE!VB

Wirkung auf die intrinsische Erregbarkeit kortikaler Neurone ........ 55

Die Wirkung von S-Ketamin auf GABAa-Rezeptor vermittelte Strome
........................................................ .57

DISKUSSITON ..uciiiiiiiiieieseressssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 61
Klinische Relevanz der Ketaminkonzentration...........cceeceeeeeeeeneeeeceeeenes 62

Die Wirkung von S-Ketamin auf die intrinsische Erregbarkeit von

TEK-SChAltNEUIONEI .....coveeeereereeneereereenecereeneecesseseesesssssessosssssssssssses . 063

Die Wirkung von S-Ketamin auf den HCN-Kanal vermittelten Voltage
Sag und Rebound Burst Delay ........ccouiievvereivnicssnnccssnncssnncssnnccnns .. 66

Die Wirkung von S-Ketamin auf den HCN-Kanal vermittelten
Kationenstrom I, und das Potential der halbmaximalen Aktivierung

(V172) erttereeeesseensssssnssssnssssssssssssssenssssssssssssssssssssssnssssnssssssssssssssses . 67

Die Wirkung von Ketamin auf die intrinsische Erregbarkeit



H) 61705+349$#A6 ) #5! ! Pl M

VI.

VII.

VIII.

IX.

kortikaler Neurone der Lamina IV .....eeeceeeeeeecereeneeseeneaeensesssnes .71

Die Wirkung von S-Ketamin auf spontane GABAAa-Rezeptor

vermittelte postsynaptische Strome..........ccceccveerccscnerccscsnnnccscnnns .75
Neue Indikationen und Anwendungsregeln fiir Ketamin ................... 80
Limitationen der Studie........cccccceervueeccercssnecssencssnencssnnessencsssnccnns .81
ZUSAMMENFASSUNG ...cuuiiuiiuensninsnecsensnisssessssssssssssesssessssssssessssses 85
SUMMARY c.cutiiiiinsnensnnnnsnisssnnssessssecssesssessssesssssssasssssssassssassssessassss .. 87
LITERATURVERZEICHNIS ......uccovviinniinninniissnnnsnicsssssssessecsanns .. 89
ANHANG cucceiittiitiintictesnenssississsesssesssesssesssssssssssssssssssssssssssssssssssssss 117
DANKSAGUNG ..uuciueictinninnnennenssesssesssesssessssesssssssassssesssssssassss 121




H) 61705+349$#A6 ) #5! ! P MHH!




32" 0R9() *5+$49A6) 85! ! P11 MHS!

ABBILDUNGSVERZEICHNIS:

J22414()*IN'1-ABS21045A6$!" * 1650877 () *14$51061712 , ™ , 404" 17$) | ~AG 170" &$#5$5 EELEELEEEEEEEEEEEEEFEEEEEEeEREEFFEEEEEEENB
J?2?2414()*1B’1J " (#+40K052 (5038 1 /. -ABL10) (&, ) $1§21%1A6.! () 4!-A67139 (501 ) A FEEEEEEEEEEEFEFEFEFEEEFEFEEEEEEEEEEENO
J22814()*1071-08("0(Q1488 >=8. / 1 ) KT EeEEe e e E e P E R PR P E R PR E R E R PEFEEFEFEEFFFREFFFRFFFFEFRFREEEFREEEFEEEEEENS
J?2414)*IR'1-A6$21045A6$4! T (371 (14%5!8<<""J.G$9$Q0, &.H,)$) "1)17./ , 2QTSUSSEEELELEEEEFErEEEEEEFEEEEEEEEFEBN
J?224740)*IV'! ; $85(AB51 (3?1 (14$5!H) 3414, 0.  #4%, 2¢°4,5" , Q51O AIYE1445)0$) ™ , YIR1502$06 , ASHEEEEEEEEEEEBW
J22474)*IX IH) 3818, 0+44$, 248,57, Qi$24741$¢) $511 " (05) 1>48) 5A6 )400Q8K Q18105 EEEEEEEEEEEFEEEEEEFEEEEEEEEEEEEFEEEEEEON
J?22474()*1S 1 I PQISAGSISTS " 08, QBP5 , 7, *45A6$! Li*$)5A6130$) 1061712 , * , 80¢ 17581 -AB1T0)$ (&, ) SIEEEEEEEEEEFEDO
J226140O)*W1-Q1)) O *5Q&, 0, ™ , T7He EEEEEEEEE R R R E R PR EEE P EE P EE R e R PR PR E PR EF PR FFFEEFREFEFREEEFREEEFFEEEDY
J?22414O)*1Z2°1-06, 2.-01)) (O *57$9$6/ () *$) ! H 5 N EELECEeEeEeE e e EeEr R R e e ErE R R EEEEEFEEEEEEREEEFEEEEFEREREEEFEEREREREEEEEEDX
J?22440)*1 NC'! GSQEK5$)0104+$! —Q1)) (O*5" (&+$)! 9(&! [H$A6) ()O*! 484! 1704+3)! ()4! Q155+$)!
<$27281) $4*$) 5AG 1308 ) FrEEEErEEEErEEEErEEEEEEEFEFEEFEPEEFEFEEFEEEE P EEFEPEEFEPEEFEPEEFEPEEFEPEEFEPEEFEFEEFEPEEFEFFEFEFFEFEFFEFEFFEFERFEREFFEREFFEFRC
J?224T4()*INN'1<$27281) ¢, Q6P5¢, 7, *45A6$IL4*$)5A6130$) 1 1./.—ABLT0)$ (&, YS! )I%IVIa<!-./$0124)EERN
J?22474()*INB'1<<$27241) %, Q6P5¢, 7, *45A6$IL#*$)5A6130$) 1 1 /. —AB1T0)$ (&, )$! ) IRINCla<<!-./$012#) RB
J?22474()*INO'I<<$2241) ¢, Q6P5#, 7, *45A6$IL#*$)5A6130$) 1 1 /. -AB1T0)$ (&, )$! ) 0$kI0Cla<!-./$012£) RO
J224T4O)*INR 14819 ) *1+, ) 1-. /$0124) 11 (314$) 14 (BA61>=8. /1) KI$I+$&240$T0$) ! 5 , 01*$! -1 *FEEEEERY
J?22AH14O*INV 181908 " O *1+,)1-. /801 2#)11(3!14$) 1G$?, () 4! [ (850!" * $7 1L P EEEEEELEEErEeEEEEEFEFPFEEFEEEFEFEFEEEEEEEEERW
J2244O)*INX 14310688 " () *1+, ) 1. /$0112£) 11 (314$) 1>=8. /1) 111+$ 2408708 L./ 104, ) $) 508 , 2 He EEEEEEEEEEWN
J?22474()*INS 1" 881%™ O *1+, ) 1-. /$012¢) 11 (314151 , 0$) 0417148616172 21U 2 17$) 1T " 0i+$8 ) *1] 5 w s EEVO
J?2?HAO)*INW1<<$2281)Q6P5#, 7, *#5A6$!L#*$)5A6130$)! , 404" 1756 8S (&, ) $!14$6!D12#) LIH ; EEEEEEEEEEEEREREEEENX
J?22474() *INZ 1 G$QBKE$) 01 ) Bi+$1 Ca#*#) 175Q (&1$) $5!LUQ$EE2$) 05! () I$EINCla <! - . / $01 2#) IEEEEEEEEEEEEEEEEEEEEE N W
J?2?2414()*IBC’ 1" #3194 " () *!+,)!-. Z$0124#) 11 (3! 5HF — = FEEEEeEeE e e R R EFEEEE R EFEEEEFEEEEFEFEEFEFEEFEFEEEEFEEREEEEEEEEEN Z

TABELLENVERZEICHNIS:

112$77$IN1d (512 2$) 5809 () *14$8!1=-T!9 (&!FEKQL&10¢, ) 148! >#8) 5A6 ) #00% ECELEREREEERERFEFEFEFEFEFEFEPFRFEFRFEFRFFEFEFEFBX
112$77$1B"1d (5122$)5$09() *14$4!1=-TI9(&!"* (BA63A6&() *14$8I$7$ 08 , Q6P 7, *#5A6$) 1 <$55() *$) EFEEEEBS
1172$77$10°1d (5122%$)5$09 () *14$6!e-01) 4184 Hd Fy!Q=>h! SqB\/ EEEEEEEEEEEEEEEEE R EEEEEEEEEEFEFEEEEEEEEFEEEEEEEEEEEFEEEEEEEEEEFEEDC
117$77$! R d(51223%)5809()*! 486! Hd! 9(&! <$55()*! 4%8! -Q,)01)$&! #) 64240, 45A6%88! Q,505P)1QU5A6$)!
—0&\ 2 $0!Q=> ! SqB EEFEFEEFEFEEFEFEEFEFFEF P FEFEFFEFEFEF R R R R EEFEREEFEFEEFEFEEFEFEEFEPEEFEFEEFEFEFEFFEFEFFEFEFFEFEFFEFEFFEFERFEFFFFERFFFEEDC




J2°090)*
B89() *5+BL98¢A6) 15!

M;!




32" 0R9() *5+$49A6) 85! ! L1 MzH

ABKURZUNGSVERZEICHNIS:

ZVIEIZH ZVIE/,)348)98)0$e+ 1T

1=-T! | 180434AR1TIASR$ 24, 5Q#) 17137 (44!

J<FJ! 0.J24),.0.>P44, UP.V.<$06PT.R.H5, U19, 704, O¢, ) 5K (&$!
JFL J704,)5Q, 0$) 017!

JF.V! ! ""1].1.B.J2%),.V.06,506,) ,0$)01)5K(&$!

JGJ-!! 1(3503*$) 4$5180¢ ™ (TKES5!1 " 0i-+£$8$) 4$5!>#6) 5012 25P50$2!

AJ<F!! =PA7#5A6$5!343) ,5¢)2,) ,06,50610!

=8[! APATHAD) (AT$, 044$124) 4) *14, 21#)!

LLY! ! L7$"08,$)9$Q617,*6122!

YI[J! *1221.32%), 2 (0$E5K (83!

>=8! | 6PQ$EQ, 7184910¢ , ) . LAU+10$4!APATEAL) (ATS, 044$§ * 10$4!

20| £)0612 (5" (K&

HF-F! | H) 64240, &#5A6$5!Q , 505P) 1QU5A6$5!F , 01$) 417!

e ) )081+$)\5!

Hd! ! H) 0619877 (TK&37@554* " $H!

<J=!! 2§42 (2!117+$,1181A, ) A$) 0610¢,)!

2LF-=I <#)#10(&1$U9010, 845A6%$6!Q , 505P) 1QU5AG$4! -0 , 2!

2HF-=!I! <#)#10(&1%) 64240, &5A6$81Q,, 505P) 1Q45A6$4! 08, 2!

8[kM! NgByORR. I $0816P44, . X.)#4, .By0.4¢,U,.2$)9, I3mn(¥) , U17%)$.S.
5(73,)12#43!

8<"J! 8.<$06P7."".I5Q14010!

F=F! F6$)APAT#4H)!

G<F! G(6$2$2241)Q,0$)0¢17!

G18! G$0™ (TKE$5106171245A6$5!8$ (4, )!

-L<! -01)41443367$4!

5LF-=! 5Q,)01)$&!$U9#010, &#5A6$6!Q , 505P) 1QU5AG$H! 06 , 2!

SHF -=! 5Q,)01)$1#) 64240, &#5A6$1Q , 505P) 1QU45A6$4! 04, 2!

1/ 061712, ", 404" 17!

1<! 161)52$2241)4, 2K)$!

M 1$0,4,0,U)!

o I +$)06, ?1517!

- F<I +$)08,Q, 50234173818 ("7$(5/]4$5! 161712 (5N



32" 0R9() *5+$49A6) 85! ! L1 M HH

ST 5, T01%$.58) 504+ $14PSI2 1 *£) *1
ds-! d$)017$5!8$4+$)5P50$2!

!

[



HEIL£)7$40 ) *! ! L1 N

I.! EINLEITUNG

14,00148518, (0)$2K0#*$)1L#)510085!+, )| J)K506$0™ LI#2! *T#)#5A6$) 1 ITIN1*1 () 4148
SIS0EES)! 3 $AP%5ESE0)*! 4%l S187,5808,0,7,7S) 54l 4 *$)1(H)!
%oth" 2$A61)#528)! 0234 44$! JIK506$04" 1! 4$)! [$ - (55058#)5+$847(50! 638+, 8(38)!
- $HBI6E)! IHAGD +,TISOK) A% *$TTKAE L5 *,))08)! 2$6$405! $HEFS! 2$0$474+0$!
Y$648) L$17$! #45)043404%800 = $A4$)E! [$5,)4%85! 415! 061712, ", 04" 17$! 8$09 - 38"
SAGSE)0! $H)$! T HAGUFS! ClESTS0R( T 04! 4189(508T7$)! ]I #4S! $0! 17Eg! BCCWIE! T@R! 449!
28508)! —(?501)9$)! *,))08! 2$E$H5! $HS <, 4(L0H,)! 2$2241)50K) 4+
A1) 4$)*$508($4088! 04! 501)) ()*5126K)*#*$61 H,)$) "1)KI$! *$9$H*0! - $44$)!
1G(4,706!p!J)0" , = #1"gBCCRM!

Z$0128)1 )E2201 $£)$! -, )A$50871()*1 0$&! 4$)! I)K506%04* 11 $£)q! 411 $515, =, 67!
12)$5045A61 17511 (AG! 1) 1T*$05A6! = #6701 () 4! "T4)5A611# 21 Y$*$)5109!9(14$) 1 1) 4$E$)!
+$45A61$48)$)! JIKS06$04™ 19! $5)$)! A(S01)4! 488! 4855, 9KL0+$)!  J)K506$54!
B3e+, B(E 11/ $0124) 15$725014) 16, 65) 1", 5$)! * 1(2110$2.1 ) 4! * 634571 (34$Q8$554+!
S8y S 841 $51 H)! A4S >(21)2$449¢)! +, 8 177821 2% 5A6 = $8! 061 (210455803)!
FLH$)08)! $£)*$58000E1 J(3*0()4! 4% 9$)08LT $4$*$)4$)! %ih™ ()%l 4i$! 2$42!
<$)5A68)! 9! >171(9)10£,)$)! 3068$)! 1))y 501 481 J):$)40*! #)! 4%
>(21) 284498 484, ABITH 2 H04SALE!

H)!ASE! 14S42$449¢) ! 1TI$844) %51 4501 /$012#)1 4150 = $T0 = $H1 121 = $H0$508) ! +$428$H0$0!
J)K50680" (28! L5! =441 175! / (89) 18" ,5$! 3@8! 441*) ,5045A68! ()4! 06$41Q8(05A69!
L¥)*#338015, 748198 LE) TS0 * ()41 I (ASABISELT0() *! $£) $8 I TT*$28#) 1) K506$54$!
34 = $) AS0E! [$H1*6\0S6$) | AGHL (4*H5A6$) LK) *§433$) 15, = #5138 4451 (3ESABISEE1T0()*!
438 J)KS06S5ES! 501 4il /7, 220)10,)! 2800 -$4106+1g H)$T04,)5.1 4%
H)GLT10¢,)5) 16", B4 1) , 0= $) 4650 411 /$0124) 19(1$£) $21866\60$) ! < (5 $10, ) (5! () 4!
91 ()", ,84E)IBU0$)! <(5"$71",)0RL"0,)$)! 30680 [$# F3$6d$)! 2(55! /$0128)! )!
7, 22010, )1 20IMPTL9F)! O 41" '#198Q1219 (21 J?27$*$) | ) 419 (4 818" , 55$) I$H () *!
+$42 $) 480! = $64$)91 411351 ,6)$1 ./, 224) 10¢, )1 9 (1£)HLIS) ! LEES* () *5$45A68F) () *$)!
24516¢)19(1/8K203$) 130640

H)! 5(?L)K506$05A68)! *,58)! = #4! Z$0128)! 284 >()4$)! ! /7, 22)1%,)! 24!
1)4$6$)!1 J)17%$0¢ " 11 $£) *$58000g! (214431 I) 17*$54814)1 4861 Q8841 ()41 Q, 50, Q$8104+$)!
F615%! 9(! +$850KE™ $)E! L5 610! 58A6! 1(0$44$2! 175! 2$5,)4%$85! Y@IOTHAG! 308! 4iS!
[$60)470*  +,)!  )$(E,0106/5A68)! -A62$i9$)!  $-4$58)E [ 4%
~AB2$497$61)41()*! = $44$) ! )ISAL*S1/$0126) 4, 58) 14 (BAGIH) 3(5H, ) 12401 , )501) 084!



HEIL£)7$40 ) *! ! 111 Bl

Y$5A6 = £) 44 " Sl +$41 28$4A60g 02THA6SE = $15$1 1751 LE*K)() *19 (1 1) 4$4$)! I ) 17* 60" 1!
- #$1<<,4Q6¢)!, 4S8 T$)0L) PTE!

/$0126)1 = $501 (A6 1(31)$ (&, ) 1786 L2$) $1421 Y$*$)51091 9 (! 1) 4$8$)! I)K50650¢™ 1!
$E)E*SI [$5, ) AB46$H08) ! 1 (3! -, I$ROSCX0I$5!$) S!S (&, ) 1781 T " +HKIS50$E*$6 () *1 () 4!
6$220! 445! 5P)1QUEAGS! 141)52455¢, )g! 1)4$45! 175! +,71047$! J)K506%04" 1! JOE [E!
~$+,37(81)! ]=1201%)1! $0! 17 BCCOMI )#AG0! @2$8! $)$! F,08)%668()*! 438! 7.
J28), 2(0SEEK(ES! TYI[IN.$6*$)! 181)52455¢, )E Z$0128)! #8701 @2%8! $6)$)!
J)01*, )52 (514$*T(01210$8*$)! 161)52455¢ , )1 1842 2$TI$011 75 BCNWA () 41$69$ (0!
4$)! d(501)4! 436! 4455, 94104+$)! I)K506$54$! |=,855$)! p! **, 2£) , ¢! NZXXAE! H)! 43!
+,418*$)4$) ! JE2$H01 5, T71£)5295, ) 4%8$! 486 T81*$! ) 1A6*$*1)*$)! = $44$)q! = $TA6S!
G,TI$L/$0128) 1)1 [$9(*1 1 (314151061712, ™ , 404" 1781 8$09 = $615Q4$701 O 41£) = = $40!
$510288$8) $1<<, 4(T10, )I061712 , 604" 17$81, 4841 ", 604" 1I$AIBS(E, )$1$H)$)$ (&, ) 178!

J " 0HOK055088% 38 () *16$6-+ , 44 (308!
|
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IL.! LITERATURUBERSICHT

1.! Anasthesie

1.1.! Definition

"rE4 [$*8#33! e J)KH06$54$F! = (84%! (85Q4@)*THAG! +, 2! 170*4+$AGE5A6)! =6#8(8*$)!
"', A, 8#4%5! +86 = $) 480! () 4!150QK0BE! +, ) ! " 4E CTE+$E! %$) 4871 >, 1285! - #5456 2$T$20E!
>, 12%5! 2$5A644$?! 4%)! A (501)4! 486! D)$2Q3) AT4A6 " $Hlg! 46! 4 (BAG! 415! L#)1028)!
+,)'r06$8!1$)050$60y! 175! J )K506$54$E! * 48! ITT*$2$4) 1)K506$543! , 456! 818" , 5! ?154$40!
130 H#$ 7,2Q,)$)08)!  J)1r*$5:8!  ]-A62$891(55A6110()*"g! I 2)$54$!
1Y $4KABD)#5+$87(50!  H22, 241K ]<(B"$71$)0501)) O*N  (O4!  >PQ),5%!
T8 - (5505%)5+$47(50! TL*$8! p! —,))$8g! BCCXME! **12$#1 61)4$70! $5! 54A6! (2! $#)$)!
25447 12%)0\5!16$8+,8*$8(33) $) 1 63+$85427$) 1 (501)419(2!d = $A™1$£) $&! , Q$eL04+$)!
,48614#1*) ,50#5A6$) 1 <<10) 16 2$E!D 2144$1g$ = $#7#*$!" ", 54514881$#) 9$7) $) - (7501) 9%)!
)i$4*19(1 61708)! (4! 54A6! 5P) $e*#5045A6%! L3335 08! 9(! (098! 9(! 21A68) ¢! = $24%)!
+$e5A6#$43) 8! -0,33*8(QQ$)! ", 22448071 cQf,#4%! 9(&! -A62$891(55A6110() *¢!
<(5"$16$71U)9%$)! 9(&! H22,7247510,)yt >PQ),H" 1! Q4! -$410+1 9(2!
L5 - (5505$#)5+$47(50E! I)K506$04™1! 7155$)! 54#A6! ¢! )1A6! JQQ74" 10¢, )5180! #)! 9 = $#!
Y&(QQ$)! L(30$#7$) 1 #)061+$)\5$! +$8126$#A60$! I )K506$04 ™ 19! 6K (3#*! $#)*$5$090! 9 (&!
814" ,58%) 130> Q4! *153\&2#*$!  J)KB06$0E" 1! 42! JT1*$2%H)$)! 9
J ($A60$66170() *14%6!818" , H3E!

b1)*$! d$#! *170! 443! b#Q#406%,84$! +,)! >1)5! <$P$! ()4! =61841%5! c+$80,)! 175!
L& TKE()*1304!144$!1 816" , 58 - #* ) *EILE) $! () 5QPH3E5A6SIH) 0561 * 04, ) 146! T )K506$0% " 1!
240! 4% biQ#42$2281)! = (843! 175! %" 23A61)#52 (5! Q,50(T#$80g! = , 2%kl 44$!
1)K506$0£5A6$! F,0$)9! 240! #6434! THOT\4A6 " $40! Jb#Q, Q6474 50$*! T<<$P$E! NWZZs!
C+$80, ) INZCNE!" #8581 1 6%, %! - (84%!+,)14%8!FE, 0$£)06S, &4$!19(2! 1 34711 (3*$6 , ?$)E!
THE5$1788(6011(314%61L6" $) )0)#50!4155! T )KS06$04 " 11 @?$8!5Q$4345A6SIH) 0561 * 04, ) 1 240!
F&,088)$)! #66$! %ot " ()*! $)03170$)! JTe1) *5! p! b2yl NZSWg! NZWNE! 81A6! 63 (04*$)!
%#55$)501)4! = $84$)!  Q&,0$#) 21543808  G$9$Q0,e$)!  (OQ4! H,)$)TDKIF  H)!
+$85A61$48)$)! [ $6$4A6%)! 485! 9%)0E17$)! 8$e+$)5P50$25! 1d8-MN 308! 443!
()0$e5A6434T#A6%)! *"42$)54,)$)! 4%4! 814", 58! +$61)0 - , 07¢A6! *$21A60! ] Té1) 5! p!
b#$2gINZSWINZWNAE!
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2.1 Das Injektionsanisthetikum Ketamin

/301281 ", 2200 58401 @2$4! RC! t168$)! #)! 4%8! >(21).1 4! 11$42$449%)! 175!
814" 524087 9(2! L#)51098 D)ISK! 4$)! 1)4$6$)! J)K56307 1 Y4220 $5! $1)$!
=, )ASB0STIO)*! Sl 411 $51 6PQ), 145%aS) A%y 1)1T*$05A68! (4! 12)$5045A6$!
%" ()*$) S4B (+0E!

2.1.! Physikochemische und pharmakologische Eigenschaften
=6$2#5A6!450!/$012#)1]B.]B.=67,4Q6$) P1".B.]2$06P712#) ,NAPAT, 63U1) .N. , ) $#)!
AG#17$5! JEPTAPAT, 6SUPTL2#)! 2401 $1)$2! <<, 18" (7118*$ - #A60! +,) ! BSR(R! * 2,71 () 4!
$#)$2! -A628790() "0! ?$#! BXC! Y§14! =$154(5! JF$10, )#$24! $0! 17! BCNX"E! H)! 4%
<<$4#9%)! - #8415, = ,671415!G19$210!?$50$6$) 411 (514$2!-.1()4!G./$0124#) 17511 (A6!
415! L)1)0¢, 288! —./$012¢)! $#)*$5$090E! Z$012#)! "1))! #)! 9= $# +$65A64$4$)$)!
J**§$*109(50K)4$)! +, 4748*$)g! 175! = $#o$5! "6#501774) $5! F(T+$8! () 4! 175! TT@554* = H(E!
L5150 = 155%6.! ) 4!T4Q#4T\5T#A6! ()41 1))15, =, 671)061+$)\5! 175! 1 (A6!#) 0612 (5™ (TK8!
1QQT49$40! - $84$)!1]-#))$e! p! Y813y BCCWNE! * 4816, 63! b#Q#4T\STHAG " $40! +, )1 /$012¢)!
*161)06860! $#)$! 5A6)$TI$! F1551*$! 4%k! [7(0.>#).-A681) "$y! = ,4(8A6! Z#"5129!
7 ,)9%)0810, )$) H21'Y $648) 1$894$70! = $84$) 110, $70#) *INZZZ"E!" "4#$! [#, +$830* 218" $#0!
+184860! 1)61)4! 436! ; $126$EA6()*53,42%) ! #)061+$)\5! INCC m7y! #)0612 (5" (TK&!
120 1 7g)081) 151711BV.VC w1 g, &17TIINS m M b#p! ; 14544 $50!BCNXEL/$0124) ! - 4841 () 084!
, U4 108+$21 —0,33 2 $AGS$T! 4(8A6! =P0,A6¢,2! FRVC]=uF"0J! ()4! =FuB[X! 9(!
8,4"$012#)1127*$21(0E! *"$&! L#)5100!+,)! -. /01 2#)1)#2 20! - $70 - $#019(g' 41!1415! - !
L)1)0#, 281 175!+ 2 17150K& " $8$5! I )K506$0# " (2! ()41 ) 17*$0#" (210, 50(7#$80! = (849!
1751415!G.L)1)0#, 2$8g!$0 - 119 = $#1 <171$33% " 0+$84! 175! 44516198 245A6$! <#5A6 () *!11(5!
/$0128) 14501 [F$10, Y4241 $01 17Eg! BENXM ()41 9(! 43 (075A6! = $)#*$6! ()% = @)5A60$)!
83%?%) - # " (*$)! :-#$! 4%)! 5,*! e>,8,& 1&#Q5F! 24! 5018"$)! Q5PAG#5A6$)!
L#)5A68K) " () *$)! 30680 [$# >()4$)! - (44%! ()0$8! $UQ$2$)03778)! [$4)*()*$)!
$8)! F,0$)9+8$66K10)45! +,)! N'NgO! 1" (n($! $0! 17Egt BCCWAL Q4! (O0$&! "T#)#5A6%)!
[$4)*O*$)! +,)! N'NgV! 2$e#A6080! ]=15, )#! $0! 17Eg! BCNVAE! *"4#$! L&*$?)#558! +,)!
G,55%004! $0! 17E! 71558)! 1 (3! $#)! K6) T#AGS5! F, 0$) 9+$46K10)#5! 234 F3$44$)! 5A674$08)!
1G, 55$00#1$0! 1 7Eg!BCCWAE!

2.2.! Molekulare Wirkmechanismen

1&,00! #66$5! $01774$408)! "74)#5A6$)! L#)5109$5! 54)4! 44$! %™ 2$A61)#52$)! +,)!
J)K50630"1! ) ,A6! O9($tA6S) 4! $"TKEE! T@&! 44F! 2$508)! - (?501)93%)! *,)) 03!
9 :-#5A6%)! $)$ <,4(10¢,)! 232281)50K)48*$8!  T#+1)4$) *$50$ (808! (O 4!
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501)) ()*5126K)*#*$4lH, )$) " 1)KI$! *$9$4*0! - $44$)1]G(4,706!p!I)0" , = #1"g!BCCRS!
Te1)"50 BCCWAE! *"#8! 2$50$)! +,7007$)g = 4! 1(A6! #)R1+$)\5! +$a126$A608)!
J)K50680" 11Q, 05) 9485) ! +, & = H$*$) 41 4431 £) 64240, 445A6$1 5P) 1QUS5AGS! 181524554, )!
]=1201*) 1! $0! 175! BCCOs! / ,01)#! $0! 175! BCCWAY = , 6£)*$*$)! /$012#)! 5A6$#) 218!
5$7$" 06+ 4431 $8$*$) 4$I5P) 1QUSAGS! 181)52455¢, )1@2$41$£)$) 1 I)01*, )#52 (514$5!8.
2$06P7."*. J5Q140101[8<<""J".G$9$QU, 4516$2 201 1 42 2 $71$011 759! BCNWE!

Z$0126)1 501 $£)1 )4AG0! ™, 208040¢+$8! 8<""J.G$9$QU, &! J)01*, Y4501 Jb, 4*$! $! 175!
NZWBs! J)#5! $0 175l NZWOE! LE$! %™ O* @2%4 **,012%).""B.G$9$Q0, i$)!
CQF, 4659300, 6$)1]""6$ - Y41 PISN LT BONVAYIS, = £$1@2$8158)$)! 1 08+$) 1 <$0172, TH0$)!
8,4"$0124)!1)14$)IV.> 1BJ.G$9$QD, 63)! = $64$)!1$2$) 317751445 (0#$401]"" (1 £1644) 190!
176! BCNXs! 961$72$65! $0! 175! BCNO"E! /$0124)1 3() *#$60! 9(2! $)$)! 175! /1) 1727, A" $8
258! $)$! $335" 04+3! 5 38" @EO()*! 458! v33) () *59%40g! 9( 2! 1) 4$6$)! 175! 177, 50$845A6$4!
<, 4(710, 4 0?$%! $£)$! G$4 (9486 () *! 4$8! v33) () *536$n ($) 9! ] 1442 2871 $01 179! BONWAE!
Z$0124)1 26) 430 1)1 4481 177, 50$845A6$! F6$)IP " 744£) | [F=F". ~0$778y! 44$! 54461 £)! 4%4!
Z1)17Q, 8814851 8<<""J.G$I$QU, 85! 2$3£) 48! ()41 27, A™4$40!5,14$)! G$ISQD, &1 Y4A60.
", 2080404+ 17,6851 p! "t (ES(UI NZZWs! <t,)! p! 2 #1IS+HSES) BONOYE! L5! = 44!
1)*$),228))! 41551 4§ 8<"J.G$9$QU, 4. [7,AT14%! 4$)!  4i55,04104+$)!
1)K506$045A68) ! ()4! 12)$505A68)! %6th™ ()*$)!+,)! Z$0124)15, = #$! 4$)! 4(8A6! 415!
<$412$)0 H)A(%US)! 1)MA$0e$55:+8)g 1)17*$05A68)! ()4 +$EK)A$4$)!
Q5PAB, 0, 24231546%)! %otk ™ () *$)! (L) 4$! 14801 1%664$! $0! 175! NZWCs! cP$! $01 175!
NZZBs! u$()*!$0! L17Eg! BCNCs! b#! $01 175 BONCq! J (08P! $0! 179! BONNS! <<#T7$4! $0! 175! BCNRAE!
Z$0128) ) A(OHSAS! ™, *)H0H+$! *"SHONS! = $84$)! $2$)31TT5! 1751 T, 7%$1 44l 8<""J.
G$9$Q0, &.H)64240¢,)! 1)*$),22$)! ]d1),5! $0! 175! BCNWE! —./$012#)! 610! #2!
S SETBHABIO(2!1G.H5, 2881 $)$I$0 = 11-+$431A6! 6\6$E$! I33)HK F , 0$)9!308! 448! F=F .
087791 435! 8<""J.G$9$Q0, & ()4! £)! Y$*$) = 180! +,)! SUKRLISTI(TKES2! <*Bv1 $#)$!
4,Q087015,16, 631 I33)HK0_F, 0$)9! - #$14151419$ 2450681 Y $ 24561 1L 286010 175! NZZSs!
7,665 P! (&S (UgINZ2ZWs! < , 144$71$01 176! BCNOs! dl1) , 51901 17Eg! BCNXs! 1$221 $01 175g!
BCNWAEIH) 1966, 7$.=$77! 5 , T01*$1=712Q1.J (39$¢A6) () *$)! = (64$)!4#$! I (5= " O*$)!
£) —./780128)!1 04 G./$0128)! 1(A6! 1(3 8<""J.G$9$Q0,8 1 04+#%a8!
Z10¢,)$)50\28! ! " (TH+HS$H$)! >400,A120(5)$(%,)$)! 48 GL00$! ()I$E5(AGU!
Jd$#76, 388! $0! 175 NZZBAE! #8581 J(0,8$)! 9$E<0$)! 41550 24481 L)1), 2$4$!
501)) O*5.! (4! ) (19 *5126K)*#*$! [7,A"14$)! 438! 8<""J.G$I$Q0,&.~0E\2!
$O$(X0$)g! =, 2% —./$0128)! $0= 1! 4,QQ%70! 5,1 Q,08)00 18! z#$ G./$0124)!
1d$476., 3861$0 1759 NZZBYE! " " 160298 6) 1 (516101 - . /$012¢) 1$£) $! BgV. 1 24510. 2171 6\ 683!
F,08)919(&>$22 () *18<""J.G$I$Q0, &I$+, S0 -1\ 231", 85176, 8) ) $ (&, )$)!
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4$81 /10081421 5 $*T$1A619(2! G./$0124) . L) 10, 238! Tb , 4*$! $01 1759 NZWBAE! " #3581
B6\6$ES! J3H)AKI F,0$)9! 435! —. /$012¢) .H5, 285! $4TKE! 6PQ, 06$045A64! = 18(2! -
Z$0124)1$#) 1 50K8 " $8$5! T)K506$0¢™ (214501 1751 415! G19$2101 Jul21" (&1l p! -6¢2, iy
NZZZ"%!

12401/ $0124) 1121/ 1) 17158) $1%686" () *1$)031708) " 1) )1 2 (5514465841 *$\33) $015$£) !
1-5))$8! P! Y13 BCOWEL ITT*$288) 154) 414831/ 1)KISI L (316$22$) 4%) 1) 0$8)$ (2., )$)!
1704+$4! 175! 1(3! FPRL2£4$)98TT$)0! = $5.2 $*$)! /$012£)! £)1 )4$Ae*$)! 245! 240134$)!
"B 2%+, 89C0 1)1 8<"J.G$9$Q0,88)! 1(3 YI[JISEFS)! £)6#2M), 85A6$)!
)0$8)$(&,)$)! 26)480 ]CT)$P! p! T1A2$6g! NZZVs! —$121)50 BCCW'E! ** (8A6! 449!
[7.A"#54()*1 435! H)Q(0! 9(1 £) 64240, 825A68)  H)0$8)$ (8, )$)! = $64$)! ) LA6*$5A6 10508
$U9H10, 645A6%! 8S(&, )$! 445¢) 61245401 29 = E1 1704+86 T[&, =)' $0! 175g! BCNNAE! " $56177!
Y220 44 O$6$?ALTS!I 0,33z $AGSSTI 2%H  )ESAk*S)!  /$0126)4,58)! 9(H!
S171(9F) 108, )$)g! 4855, 9k106+$! A(5K)4%g! L(Q6,8$! (4! ""P5Q6,8$! 58)4! 28!
VSAL*SU Z$0128) 4, 5851 6K (3+g! 411 >H)E$*E,)$)! z 481/, 808Uy >400,AL2Q(5! (4!
J2P*41711 = $H86E)! ™, 22 )49%S$)q! 1$4,A6! 2401 *$4)*$$k <, 4(710¢,)! 4!
7 )G, TI$! A(BA6! 415! 6$228)4%)! H)ISK)$(E,)$)E H)3,42104,)$)! = $4$)! ,6)$!
1)*$2$55$)$! 7, ,644)10¢,)1 9! GL(2! (4! d$H0! +$6182$40%0! T[&, =)' $0! 175! BCNCs!
L&, - )!$01 176 BCNNAEL " 4616 177(9) 10, &45A6$) ! L33$" 03! = $44$)! = 1685A6%¢)THA6! 4 (46!
$5)$! -0NeO*! 438! 4,0128)$6%$)! 8$(&,081)52455¢,)! #21 Q8K3%,)017$)! 7, 408Ul
+SA50KE" 0g! 4481 9(2! 1$T! 1(3! $£)$! $A6\60S! Y7(01210. 3 "04+40K0! 1)! 8#AG1.8<"*J.
Y7(01210.G$9$Q0, 85)! 9(4GAT9(306ES)! 501 J<<,*614412! $01 1T NZZSH! "'l
J)L7*$548! 6$5(T04880! 6\ABS0 = 1685A6$¢)TAB! 1(5! 438! %6tk™ O*! +,)! /$0128)! 1(3!
8<""J.G$9$Q0,8$)! 1)! 49)! 4,8517%)! %6(R9$T*1)*T$)y! 4$4! $4508)! ~P)1Q58! 4$5!
), 940$Q0+$) | -P5IS251H21GAA$) 216! = , 1YT(01 21014381084 2KESI 8$ (&, 061)52400%8!
#501 1-#))$&! P! Y&13y! BCCWE! ™ (8A6! LEBN6()*! 438! /$0126) ", )9$)0610¢,)! = $643)!
1(A6! 44! 8<"*J.G$I$Q0,E$)! 1(3! 4%)! $U9H10, &5A6$)! *1(01210%4*$)! 8$(2,)$)!
27, AMS801 )41 4%8! [$ = (5505%#)5+867(50 084001 $£) 1 TF (64, ) $0! 17Eg! BCNVAE! T ) *$54A605!
438 FEK3$E$)9 +,)! /$0128) 3080 8<""J.G$9$Q0,8$)! 1(31 6$229$)49)!
H)I$R)$(&, )$)! 4888)! >$22 () *1 9(! $£)$h! $46\60$)! 9$8$2617$)! 0,33 = SAG5STR103y!
$)$21 $46\60$) ! 9$4$2617$)! [7(037(55! )4 >17T7(9%) 1%, )$)! 306601 T=1+19.(00# $01 175q!
NZWSs! —06$2$7 $01 LTEgINZZVs! 3, TI$) = $#4%al $0! 176g! NZZS 4501 $51 )4AG0! @2$8415A6%) 4!
4155 /$012%)! 2401 $£)$21 1" 0+$80$)! < (504! £2! L1$ 08, $)9$0617, %1221 JLLYA
155, O##SA0145(E!
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2.3.! Klinischer Einsatz

481 Y $5A6HA60$! 485! Z$0124) 5! 28*#) )01£) 1 4$) INZVCEE! t1685)14) ! 808, #g! <<#AG#*1)!
DA FL"$! "1 +#5! b17?,610,43)E J2! BX! <K&9! NZVX! 5P)06$05¢540$! >14,74! ;E!
<144 ,U'F6$)APATEAH) 1 ]<<144 ,U' S0 1TE!NZXVAE L4 - 1841 TE ", 28) , 1 () 0965 (AB0S! 44$!
%t () *1+,) I FES)APATEAN) 1) 1E$$) ! () 4! Y&$#3$)508¢) ! () 0885 (AGISINZVIW! $6502 175!
459! %oh™ ()*! 28 <<$)5A6%)! 1Y E$#3$)508#)g! NZVWAE! **15! 175! -$&)PT! +$62 14" 0$0$!
F6$)APAT#AR)! +$L(651A60$! "$#)$! ""$Q&$55#,)$)! 4%8! "184#,+157 (TK&$)! ()4!
§$5Q4610,4#5A6%)! T () "0#,)$)g! T\50$! 177$644)*5! 5A6 = $83! L&&$* ()*59(50K)4$! 24!
$£)$2! 586&! 11)*$)! Q,50,Q$8104+$)! ""$rag# (2! L(BE! 1&,09! 5$#) 8! 66+, 81*$)49)!
1)17*$0#5A6$)! () 4! 12)$5045A6%) ! F,0$)9! = (84$!)1A6! - $10$$)! "TH)#5A6%)! -0(44$)!
43 (074614155 F6S)APATEAR) 1) #AG0! 308! 448! 2$) SAGTEAGS! I )KS06 554! * $S4* ) $0150E! * * $&!
=6$24#" $6!=17+) ! -0$+3$) 5!5P) 06 $0#54$80SINZXB! Z $01 2#) EL5! = 16!$#)! = #6" () *5+, T1$5!
J)K50630" (2! 240! 4$(074A6! " @L9$e$! Yot ™41 (B! ()4! *$é) *$e$2! F,50. " "$reés (2E!
15D <$4#T128)00 - (64%! NZXR!I +,)! t,28),1 Q4! =,8558)! 1)! 3k - #774*$)!
Y$31)*$)$)! OQise5(A60 (O4! 448! J(0,8$)! ?$5A66$78)! 58! %ok (O*! 175!
e4#55, 94104+$!  J)K506$546F1 1°°,2#),! $0I 17! NZXVAEL *"#$l >KQ#*"$#l +,)!
83%7%) - # " (O*$)! 2306 (*! Q8! Z$0128)! (& ),A6! NO!' O4! 4$! F&,?1)4%)!
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3.! Der aniasthetika-induzierte Bewusstseinsverlust
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4. Das thalamokortikale Netzwerk
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448! - #54$8( 210734 L33$6$) 98)14$) 1/ , 40SUIL " 04+£38$) 1] <100 (5ABI BCNV/E!

I FP&12#4$))$ (8, )!45!
[- 7 ,usu!

Gk (718459877$)!

& 161712, " , 1" 175!
/.50 _ABITYS G, )
SATIGSEA(TLLS!
rotrt2d J(350$++$) 495!
161712(3! >44)5012 25P50$2! |

Abbildung 1: Schematische Darstellung des thalamokortikalen Schaltkreises

J'1/,8,) L65A6)H01$£) $5! <K (5$6¢4)5! 2401 **1850877()*1 485! 1617112 (517 , 403U O 4! 8 (AT$ (5!
ISUACTLEE! [ -ABS21M5A6S! HIT(S0610E,)! 4$5! 061712, 7,407 118)! —ABLI"6$H5$5E Wl
5P27, 1565401 SUGHIL0, &5A6%! *T(0121086*$! /,)01708s! .1 5P27?, 7565801 #)64240, 45A69!
YI[I$*$/, )01 0$EI 27512 , 44349¢$400) 1A6! [$7! P! %6167. A6 , 0g!BCCZE!

4.2.! Funktion des Thalamus

"T$e! 161712 (5143 (749601 175! G6P062 (5*$) $610, 8! ; $661708)59(50K) 49! = #$!%01A66$4!
O4!-A67131 () 4! - 1665A6%4#) T#A6! 1 (AB! F615$) ! 4%6! J)K506$543! ] -0$#14%y! BCCVAE! * "#$!
>1(Q0Q,Q(710#,)! 488! 06171245A6%)! 8$(&,)$! 24748)! 4481 061712, ° 404" 17$)! J1/N
-AB1T0)$(&, )y 1(A6! G$IL#5)$(4,)$! *$)1))E! 816%9(! 111$! —#))$o5¢*) 17%y! 240!
J(5)162$!4$5! ,73170,845A6$)! -P50$25¢! = $e4$) !+, 2! cdll 46! G$91(3)162$! @?7$&!
1/7.-A6110)$(&,)$!#)14$)! 7/ ,&0$U! = $HSE*FTSHSE! 1 /. -ABLT0)$(&,)$! "\))$)!9 - $i!
O0885A6434THAGSI T () 0%, )59 (B0K) 43! $#) ) $62$) ! - K68$) 4! % 1A66$#0! 79 = EI$E6\60$8!
JB2%512 80! 306800 448! 181)52#008638$5$090*!  1(B!  1(350%4*$)49)!
5Q#) ,061712#5A6$)! [16)$)! 9(! $5)$&! **$Q,7184510,)! +,)! 1./.-A6L110)$(¢E,)$)y!
£)3,7*$! 43558)! 0, )#5A6S! -17+$)! 5A6)$T7$&! I "0#,)5Q,0$) 017! *$)$e#$e0! = $84$)E!
b$090$es! 50$77$) ! $#)$! - #A60E*$! Y& ()ATL*$! 3@8! 5F)5, 8#5A6S! —#*) 17+$8182$H0 () *! 418!
1<<A=,82#A" ! p! [17g!NZZS"E! %0K68$) 4! 485! —A6GT135! $)03KT70! 488! $es$*$)4$! L#)37(55!
13! 1/.-A6110)$(8, )8y &35(T06$)4!  £)! $H)$!  >PQ$EQ,716#510¢,)! 485!
<$2?61)Q,0$) 04175 G6PI6 245A6. , 5941710, &45A6$! L) 0714 () *5517+$) ¢!$#) 15, *Ele [ (850!
<,4(5f! -#4! *$)$ese0 Q4! $)$! —#*)17 - SHSTISNO)*! - $H0*$6$)4! +$a64) 460!
1<<A=,82#A"! p! [17g} NZZS"E! H2! LLY! 9$4A6)$0! 54A6! %61A66$H! 4(6AG! $634!
6,A6383N ($)0$! << (50$8! 240! *$ex)*$e! J2Q7H0(4$! L(BE! L6SE! 11)*512 .46P162#5A63!
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< (5086 240! %3$77$) 1 6, 658! I2QTH0(4$! *$))9$:A6)$)! F615$)! 485! ~ABT135! IF1Q$! $0!
175! BCCVg! 568! 2281 BEL "8 2$4508)! J)K506804" 11 $89$(*$)! $£)! 5ABT13K6) HAGSS!
LLY. < (508! 2401 I (5)1628! +,)! /$112¢)1 TT41) "5q! BCCWE! T&! /$0128)! *,))0$!
$£)$I$A6\608)$ (&, ) 1T$1T " 04-+H0KOE2IL LY 1*$9$80! = $64$)TF (84, )!$0! LT BCNVAE!
SA O6$AG5STI AR 2$#4$)! T()'0¢,)59(50K)A$! 1HAl 210*$?TA6!I @2%8! 415!
<$2241)Q,05) 04171 4%&! 161712 (5)$ (4, )$! 235042 20F! L¥)$! >PQ$4Q, 714#510¢, )! 4$5!
<$2241)Q,0$)0175! 1SS0 4$)! 5947710, 645A68)! (S01)4! $)) - KEES)4A! $1)$!
"'$Q,7164510¢, )1 4$)! , 59HTT10, &45A6$)! <, 4(5! ()I$A284A60! ()41 41510, )#5A6$! TS(SE)1!
4$)! d(501)4! 4$8 %1A66$HY (IS 1)4$6$2! 4(GA6! 4#$! TESHEHI)*! +,)!
8$(¢,01)524088)! 1(5! 4$2! IGI-gl L(5M\SKE <$01?,0,Q8! Y7(01210.¢!
2 (57 16£) $8*$.0 {N. 148$) $4*$! (V4! >N.G$I$QU, 4$)! = $84$)! @2$8! 445! I (55A6@00()*!
+,)1 JASIPTAG, 190! 8, 61448 1701 -$8.,0, )£) ! >#501 24) 1 YT(01210! () 41 +$85A64543) $!
8$(E,Q8Q048!  LT0+HBRE  —#$1  2$1#TS)!  $DHS  [1AMKO* 4%
_AGUN2IABS2$A61)H528)! ()4l  $)$!  *SSIS<$!  ""$Q,T1E510,)! 4%
161712 (5)$ (&, )$!]-0$4414$! $0! 17EINZZCs! ~0$814$INZZBs! <, , Y$PI$0! LTEINZZOs! F1Q8$!
$01LTEIBCCVAE!

|

J!1%1A66$4)! [!!-A6T713!

EEG Schlafspindeln 8 - Wellen
, ol e eI
My ",

oszillatorischer
Aktivitatszustand

Tonischer
Aktivitatszustand

CTX Neuron - _Jr_._l_‘lr_
\/s -
[ - = ,4/ Lk,l\_

Aff aufsteigendes Afferenzen aufsteigendes
L erenzen Hirnstammsystem Hirnstammsystem L LAULIL

Abbildung 2: Aktivititsmuster TK-Schaltneurone im Wach- und Schlafzustand

**15! 8$09 - $&"5A6$21! +$e4$(07#AG0! 9= $#1 *$5A67,55%)$! S5P)1QM5A6S! -A6LI0" S5y 443!
83" (86$)0$! 8$09 = $&™ ,5947710¢, ) $)! I\&4BL)E! I %K66$)4! Yo1A66$H)! 3064$)! 1(35084*$)4$!
$U9H010, &#5A6$! -#*) 17819 (4! " "$Q, 71845108, ) !1+,)1061712, ", 40" 17$) 11 1="188 (¢, ) $) &, 1M O 4!
G18.8%(&,)$)! 1271t z 15191 I(BINQO*! +,)!1 $£)987)$) 0! 0, )#5A6$) ! I ", )5Q , 0$) 0#17$)!
30680E! H)! 44$5$2! d(501)4! - $e4$)! H)3,82108,)$)! +,)! 488! FSesQ6%64$! 9! 407 17$)!
83(&,)$)!5A6 = 169 - SHSE*STSHSE! [ 1 BLAG! %0$*311114%6!""$Q, 71845104, )11 (3 1=.83%(¢, ) $!
Z$848)! 175! T,7*$! $6)$&! >PQ$Q, 71885104, ) , 5947710, &45A6$! J " 04+40K059 (50K) 4! $89$(*0!
L0 <<, 4 (5" #$!-#*) 17 - SIS () *19(2!/ , 08U501*$6$2 201 )44 2L L Y! - $845) 448!
308! 4%)! -A6T13! ABL41"(0$4#5045A68)! 11)*5128)! -A6713 = $77$)! £2! 4$101. TSN ($) 9?7$e$HA6!
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1)*$o$0E [$42! Z2$6*1)*! +,)! %1A668H0! 9(! -AGT13! = $64$)! #2! LLY! 448! (PQI5A6S)!
—ABTLI5QE) A$T) | SEOCHIE ** (BABI A4S L)IT14 )1+, )1 I "0, )50, 1) LT517+8) 1+, ) 1$)$ 21 I =.
85(4,)!1(31$£)! YI [IS*$5! G 18.8$(4,)! $)(50$65)! 44855 ~A6T135Q¢) 4$T)g! 41! 415! G 1 8.
8$(4,)!$8)$(0'$)1Q, 505P) 1QUEAB$5! #) 64240, &45A6$)! F, 1$) (4171 9 (BGA™ 1 1(31 415! 1=.8$ (4, )!
5$)ASE 06¢$4$66,T08! >PQ$EQ,T184510¢,)! ()4l LYTLAO)*! +,)! J"¥,)5Q,0$)0417517+8)!
$9$(*$) 1) 16106171 2450681 CEITIL0E, Y$)EI=IM1 ™, &0¢ " 17851 8$ (8, )s! I 7261 2 , 4434943401 ) 1A6!
T&1) "5/]BCCWE!

4.3.! Aufbau des Kortex

"8 Y&, 0640) ) 48! TTL0$H)H5A6°! =, 808U! ABES26Y! #50! 448! K(0$Ee$! -AGHABH! 4$5!
1$7$)A$Q617, )5E! ** 15! 1$7$)A$Q617,)! 7$50$60! 1(5!9 = $# >$245Q06KE$) 0! 5, = #$! S$AGS!
Y&,064)7100$)! Q&, ! >$24506Ke$ ™! 486! T, )017.0! 488! F164$017.0! 484! 1$2Q,817.0! 484!
C"9#Q#017.9'484IH)587.15, - #3148 bE2245A6$!b1QQ$)E! " "#3!$4)9%7)$) 1b1QQ$)! = $84$)!
4(6A6! T(GABS)! 1-(TARM +,)$1) 1) 488! *$06$) )01 (O4! o = $#75! £)! %#)4()*$)! 1Y P&
(O 0BL0BHTOE! " " 6!/, G0SUITKE50158A6!4#) I X1 -ABHABIS) | 24016450, 7, *#5A6! () 1$E5A64$4T#AGS) !
d3$770PQ$) ! $#)0$47$) 0! 4481 1751 b1 2#) 1H. 5 HI?$9$HAG) $0! = $84$)!1<<, (D0ALS07$gINZZSE!
"8 $U9H010, 645A68)! 83 (&, )$)! 50$71$)! 2401 I ?501)4! 44$! <$666$#0! ]SC.WC i M 177$8!
88(%,)$! #2! 8%, " ,48U! 418! —#$! 71558)! 5¢A6! #)! FP12#4%).1 ()4! -0$8)9%77$)!
$08478)! 11,784, .G, 48> (39! $0! 17Eg! BCCOME! FPe12#4$)9377$)! 2$54098)! $£)$)!
QPE12#4$)3\e2#*$) 1d$STT"\eQ$! ()41 ", 228) 1+, 4171$21) Ib12#) LIHH.H 5 1+, 81 Zz 288!
#6831 11)*$)! JU, )$! 58)4! 548! 240! - $H$ES)! 7, 8047 17$)!1 5, - #$15(? ", 40" 11$)! A$TI)!
+$2()4%8)! 11,7%4,.G,46*($9! $0! 17! BCCOME! ""#$! -0$6)9%$77$)! 58)4! 3150!
1(55A674$074A6!14) 1488 D12#) 11H ; 1 +$806$0$) | () 4! - $649) 148561721 1(A6! /\&) $89377$)!
*$)1))EHEES! ()+$89 = $#*0$)q! " (89%)! ""$)48#03)! +$47$468)! #6)$)! $#)! 50$8) 180#*$5!
J (5586H)E! ""#$! #)64240, 456! - #"$)4$)! H)0$)$(&,)$! 21A6$)! BC! . OC ! 4%
)8, "L 40T118) dSTI$) 1 L(BE 114481 88 (&, ) $14%8 b12#) 1K ; 14215, 210,58)5, §#5A6$) !
/ ,803U! 61 (QU5KAGTEAG! 13358$) 05! L#) *K) *$!1@7$81061712 , * , 404" 17$! F&, 03704, ) 531588)!
1(5!4%)!50$9#345A6$)! 161712 (57 $6)$) ! $66170$)0! = (84$)1#)!44$5%8! J&?$#0! 8$ (&, )$!
ARID12#) 1IH 5 112*$1$#0$01]-#) , = 109!p!>$55¢!BCCXE!

|

5.1 Konstitution des Membranpotentials

15l <$2241)Q,08)H17 6100 $£)$! $)5A6$:4$)4%!1  [$4$(0()*! 308 4i$!
J 7 0+0K059(BK) 4$1+, ) 1./ .—ABLT0) $ (&, ) $)1]<<A=, 424" I p! [ 179INZZS 16451 2$6$405!
$8 2K6)0! $R9S(*0! $£)$! >PQSEQ, 71845108, )! $£)$)! , 597710, 845A68)! <<, 4(5q! 4$%! 240!
~ABT13! 155,048601 144yl ()41 $£)$! "*$Q,718510¢,)! 4$)! G$T1452,4(5y! 4%k 240!
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061AB6$HIE)! 5 $424) 4 () *1*$261A60! = #4118/ , )S00(0E, )1 4$5! <$2241)Q, 0$) 175!

- #41 41280 210%$2THA6! +, )15, *E! e6PQSEQ , TLE4910¢, ) . LAGH+10$4! APATHAL ) (ATS, 044$.
*10$4F1 ]>=8M /1)KI$)! 2$$#)3T(550E! 858! *,))0$)! £)9 = #5A6$)! 175! - #AGH*S!
al#$7508 "0 (BI+$A5A654$) $a1 T ) K506$0¢ " 1144$) 0434943401 = $44$)!]<<100(5A6!$0! LTEg! BCNV!
UE) *I$011 75 BCCXE!

5..  HCN-Kanile
>=8./1)KI$! (23155$)!$£)$!D)I$431 247481+ , ) IFE, 0$£)$) 1) ) $6617214$6 2 26431 24749
A3 F,08)5A61$138)./10¢,)$) "1)KISE [$# —K(*$Uis6$)! (2315500 44! >=8.
ZD)1TB126H8) +$4 <H*Ti$438) |>=8N.RY! 443! 421 >$698)! ()4! 8$4+$)5P51$2!
SUQBF24$80! = $64$)11-1)0, 4, I$01 175! BCCCSIG, 24)5, )| ! ~#8*$721(2¢!BCCOM! " "$al+, )!
49)! >=8./1)KI$)! $ROS(H$ -0&,2! = (44! 1(3*6()4! 5SS H)0$$551)08)!
2#,06P54" 17#5A68)!  LE*$)5A61308)! 175! He! ]e6PQSEQ,T184910¢, ). LAG+10$4F ! Hy!
1e3Q)PFY L 4%8 Hol Jen($$kF 2$9$4A6)$0  JFIQ8Y NZZXE!  r6)%A6! 9(!
501)) ()*5176K)*#*$)! Z11(2./1)KI$)! = #4! $£)! 30) "0, )$TI$4! >=8./1)17! 175!
1SI1286 +,)! D)ISESH)6$H$)! *$2414$0E! t$4$! D)0SESH)6$H0! 530901 54A6! 1(5! X!
141)52$2241)5$*2$)0$)! 9(51228)q! = , 28! -RI 1751 -Q1)) ()*558)5,, 4! 44$)0! ()4!
103! r)4$6()*$)! 435! <$2281)Q, 0$) 041751481 *486$) ! 1) )T [€., , 21) 4! $0! 1759 BCCOME!
LH$! Q,8$)3,628) 48! GS*#, )l 448! $H)S! YIPAY). 1PE,56). YTPAD! TYUYN -$n($)9!
$)06K70g! = #51 5481 1(ABIE)! /M 5$T$ +$) ! Z1)KIS)! *$3()4$)! = #8dg! ™ ,)) 081308 >=8.
Z1)KIS! *$9$H<01 = $AS)E! "H$! 5 1841)9! 438! I 28) ,5K(6$5$n($)9! 1(0$4617?! 435!
<, 0451 "\))0$14$) ! " (BA6T155!+, )1 8L1064( 24, ) $)! $4" TKES) 1] << 100(5A6! $0! 17Eg! BCNVAE!
LE)! - $H0$435! =6161" 054450 (2! 4$8! >=8.15, 3,628) 1 450! 448! [H)4()*54, 2K)$! 12!
A18?, UPT! 0$62) 178)! L)4$! 308! 9P T:5A6%! 8("1$, 06431 |=8 [ **s! APATHA! ) (AT$, 0¢43!
)45 *14, 218 [$50$6$) 4! 1(5!$£)$2! =.b¥) "$ig! 436! 1)5A6T4$0$)4$)! B1I G$*, !
5, = #$I$)$a1=. >$THUIS0ISEI308144$] 7 SE2H0T() *14SIGSL™ (¢, ) 1*$*$) @ P$EIAPATEAGS 2!
J4$),56)2,),06,506100 JAJ<FM 2808176401 19%14)*$a! $0! 175! BCONAE! ; #98! >=8.
<,7$" 018! 4$55872$) 1H5 , 0PQ5! 2474$) 1 $£)$) 16, 2, 286$)! /1) 176! "8 HS$EI 5,3, 428)!
"\))$)! 5#A6! 12861 1(A6! 3()"04,)$TN! #)! +$65A61$4$)$)! /,226)1%,)$)! 9(!
630%E, 286$)!  Z1)KI$)! 2401 +$i5A66$4$)$)!  LE*$)5A61308)!  9(5122$)30*$)!
1G.26)5,)!p!-#$*$721(2!BCCOs!-1)0, &, ! [ 1612!BCCOs! [4$ = 50$8!$01LTEIBCCVs! [4$7!
$01 171 BCCZAE! [$£5Q4$T5 = $5$1 9%4*01 4451 029 7 4$*$)41+,4™ , 228)4$! >=8N.H5,3, 42!
121 7 ,803U1 4! >#00,A12Q(5! $£)$! 4$(074A6! 5A6)$TISES! J " -+$. () *5"£)$0" ! 4!
) *$AS! —$)SHEHIKD *$*$)02$8! AT<Fg = K6E$)A! 4! 4, 26)i%$)4$! 15,3, 42!
>=8B! ()4! >=8R!#)! 16171245A6$)! S(AT$# $£)$! 71)*51 2848 J " 04-+#$4() *5"#) $0¢"
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4 6\63ES! -$) 5H0HHIKI *$*$) 0288 AT <F11(3 - $#501] [4$7 $0! 174! BCCZy! 8, 121901 17y
BCNNAE! H)! 438! J&2$00 +,)! b(4 x4 S0 176 =,))08! 4i$! [$5A61$Q#()*! 4%
T 04+4$8()*5"£) $04™1 4 (8AB! 4131 [D)A() ™1+, ) AT <F! 2$50K0*0! = $24$)! Tb (4 = #*1 $0!
175INZZZ1%

"1 >=8./1)KI$! 21 >$498)! 1)1 486 7, )08, T7$! 485! >$4946PI62 (5! 2$0$474+01 54) 41
- $44$) ! 5491 1(AG! 175! e-ABGN21AB$EF. Z 1)KI$! 2$9$4A6) $IE! D231) *i$#A6$! ~0(44$)!
4$41 $0908) ! t1669$6)08! 61278)! @2$69$(*$)4! 2$1$*0y! 4155! Hel 1(AB! 1)! $£) 4! G$69!
*R()A1$*$) 488 QBP5H, 7, *45A6%8! Fa, 985581 2$0847<01 #50°1 G$*(H$a()*! 9T (TKESA!
L86$*218" $HIFLO$! pl<<A=,42#A"INZWZs! 16, 2P. [455, ) 101 175g!BCCCYI5P) 1QU5A6$4!
141)52#55¢,)! ()4 FT1506940K0! 1[$1(2,)0! p! d (A" $kg! BCCCs! <$77, 8! $0! 175g! BCCBM
5, - 451 4S8 4$) ARHI5A6$) ! H)I$*4104, ) TF, , 7, 5! $01 175! BCCBME H2! Y$*$)5109! 9(! 48)!
28508)!  501)) O*5*$5I$(S08)!  Z1)KIS)!  z$84$)!  He./1)KIS!  4(4A6!
>PQ$EQ, 71885486 *1 +, )1 Q1)) () *55A68408) ! 1(3 )$*10+$! F, 0$) 41781 2451 XC1 2 5 1
17 04+4880g! = $TAGS5! ) 168! 4$2! G(6$2$27241)0Q, )17 JG<FN 4$8! 2$50$)! d$TI$)!
THS*OE! Ho! 4501 $£) 1 *$245A6084! 81" /™1 ~08, 2q! 434! 2$# >PQS$IQ, 1184510, )1 4(4A6! $£)$)!
—#%2 #A17+$471 (3 AGLAL " 0984545801 #501 T [#67! $0! 17! BCCWAY! 12881 61 (QUISKAGTAG! 4 (A6
$)$)1$¢) = KAO5*$LABIS0S) | S 1084237 (551+$6240$70! - #641] [6$) ) 1)1 $01LTEgIBCNXAE!
d(51228)31558) 4! TK550! 54A6! 51*$)q! 415! 445! GS* (H4$4?14" $40! 4%4! >=8./1)KTS!
4(8A6! 4151 $)R19TICTKES! AJ<<F! #)! 161712, ", 40" 17$)! G$T1#5)$(E,)$)! $5)$)!
- #AB0*$) ! <<$AG1)#52 (5! 418505770g! 458! 4321 1 (35054%$) 4$) ! >4) 5012 25P50$2! $£) $!
$33$"04+$1 7, )0&, 775 488 CEOTTL0E, )$) 1421061712, , 404" 17$) ! 8$09 = $47 1 &2\ *T#A60!
JF10$g1BCCVAE!
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J ! F,$!

LU0s19$T7(TK8!

H) 0819877 (TK&!

T T T
-150 -100 -50

vV, (mV)

® —cAMP H +cAMP

Abbildung 3: Struktur der HCN-Kaniile

J'1-AGS2105A63! 1850871 () *1+, )| >=8./1)KI$)E 51 2$50$6$) ! 1 (5! R! D) 1$E$) 6$#$) ! 443!
1% = $H7511(5IX! 181)52$27281)58*28)08) 1]-N. -XN1(3*$21 (015¢) 481" * 151Q, 5ie+$!*$714$) $1-R!
—$*2$)01 45$)01 175! -Q1)) ()*558)5, 681 **#$! [£)4()*54, 2K)$! 308! 9P"1#5A6%! 8("1$, (#4$!
2$31) 4801 5:A6! #21 =.1$42) (5! (4! 501 @2%4! $£)$! =.bi) Sk G$*E,)! 2401 4$2! X!
141)52$2241)5$* 28) 014862 ) 4$)E 1" 1850877 *14$81-Q1) ) () *51 " M+$L () *1£)1J) 129 = Bl
J2:-$58)6840! +,)! AJ<FEl D)0$! 4$2! LI +,)! AJ<F! 2$5A67$)#*0! 54A6! 448!
JTOHSLO*5"H)SHT (4! +8I5A6H$201 4881 /(+8! 9(! Q,5HESES)! F,0$)017$)E J228!
2., 4131918401 )1A6! F,5081! p! L7 BCNNE
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5.2.! Wechselbeziehungen zwischen Thalamus und Kortex

816$9(! 177$! 58)5, 6#5A6%)! H)3,8210¢,)$)! *$71)*$)! @2%8! 4%)! 1617112 (5! #)! 4$)!
88, ", LBUE! " "#$! Zz 2$081* () *15$) 5, &#5A6$4! —#*) 178! +, ) 148! FS#Q6$84$19 (2! / , &0$U!
#50! $#)! 4P)12#5A6%6! Fé&, 9$550! 488! $#)$! *$*$)580#*$! /7,22 ()#"10¢,)! 9 = #5A69)!
7,880 Q4! 161712 (5! 2$4) 6170%0! ]=41) 41771 $0! 179! BCNVA ()41 $4)$! - #A60#*$! G, TT$!
284 434! 9%166)$62()*! /7, *)Hk,)! (4! 485! -A6713.%1A6! dP*7(5! 5Q4$70! 1t, ) $5¢!
BCCBAE! ""172%#! #50! 448! J)9167! 4%8! 1?750$4*$)4$)! ", 604" ,06171245A6$)! T15%8)!
9$6)31A6!6\6$4! 175144811 (350$4*$)4$) 1061712, =, 404" 17$) I T1588)!]-6$621) p!/ , A6y!
NZWX"E! J (3*&() 4! 45$5%8! ; $80SHT()*! #50! $5! ) 16$7#$*$)4g! 4155! 488! 7, 803U! $#)$)!
501&"$)! L#)37(55!1(3!44$!06171 2#5A6%! J " 0#+#0K0! () 41412401 1 (A6 1(3!5%%)$) ! $#*$) $)!
5$)5, 8#5A6%) 1H) Q0! 6178)! 2 (55! 1=41) 41771 $0! 17Eg! BCNVAE! *"#$! = , 404" ,06171245A68)!
T15%6)! 50$77$)! 448! >1(QIn($77$! 3@&! $U9H010,845A6%)! L#)37(55! 1(3! 06171245A69!
83(¢&,)$! 418! 1" "$505U6Sy! BCCCHE! 1/.-ABLI0)$ (&, )$! $2031)*$)! 13388$) 08! —4*) 178!
1(51 488! F$84Q6384$! ()4! Q6 , 0#94$e$) 19 (1 =, 8047 17$) ! 8$(&, ) $)y! 61(QUSKAGT#AG! #)! 4$)!
-AG#AB0S) Hy!H 5 1 Q4! S HIT=>$4"$) 612! NZWCAE! ""#$! * , 80¢" 17$) | FP&12#4$) 9371$) ! 438!
b12#)1! ; HQ&, 0#9$e$)19(2!5877$) 1 161712 (5" $) 19 (4@A ™! 1(514$2!156$!466$) H) Q (0!
$66170%)! 6128)g! - 15! £)! $)E! e?1A"! 1)4! 3,806F! $UH10,E45A6%)! ; $&26)4()*!
9-#5A6$)!1161712(51()4!/ ,408UN$5 (1065801 t, ) $59INZWVs! - 088414 $INZZ S E!

|

6.! Synaptische Informationsiibertragung

"8l Z23081* O O 41 %6$HSETSO) *1+, ) K3, 62104, )$) 1) ) $6617214$5! A8 -1 2$4. (60!
13 4$8 TKGE"$H01 +,)! 8$(8,)$)! 2:$5)1)4$k 9 *,22)0i$)H sl
DI$)$(E, )1 7,224 10, )1 3430 #)! $850$8! bE)#S! 1)! -P)1Q5$)! 50100! = ,!
1)3,6210¢,)$)! 1(31 9= 84 ()ISIGABISATIAGS)! Z2$4061*()*5 = $*$)! = SHSE*$I$HS!
- $248)1 "\))$) ! @7%4! $7$70845A6S! , 458 PS8! 448! - $H01(5! BK(BHFSE! 1(30630$)43)!
AB$245A68)! ~P)1058)! JF$6$41g! BONRAE! [$# $71$70845A68)! ~P)1Q58)! TH$*$)! 44!
d$TT2$2261)$)! 7$)1A62180881 8$(8,)$! 5$6& $)*1 9(5122$)H "(4A6! 5,*H!
10)$708, 0$£)$1$)050$6$) le*1Q1g()AK, )5FI1)61) 414$$81$£) 1. *0¢, )50 , 0$) 04171446% ™01
AS 0, )17 4! )1639(! ,6)$! dSH+887(50 @2$85Q88)*$)! "1))E! J)! ABS245A68)!
“P)1058)! - $e4S$)! 481 H)3,8210,)$)! 0288 $)$)! 8$(8,081)52408% 9K
Q,505P) 1QU5A6$)! <$2741)! @2$L2HNSTE! *"$a! 161)524088! = #4! I()KAGH #)!
QEK5P) 1QU5A6$) ! 8$4+$)$) 44+ ()*$)1£)! 5 $54" $T) ! *$5Q$EACSKE! S1A6! LEASHAGS)! 485!
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J704,)5Q,08) 175! =, 2201 $51 9! $5)$K! ~Q1)) O*5K) 4% *! 4$8! d$T12$27281)!
-, 8L(368)I58A61 =187, Z1)KT$IN33)$) ! ()41 4481 8$ (&, 061)52400$8!4) ! 4$) 15P) 1QU5A6S) !
~QLI 1(3*$), 22$)! - $4$)E! " (4A6! 41$! 3 $826)4()*! 435! 181)52400$8.G$I$QD, &.
/,2Q13U$5! 1)1 4$% Q,515P)1QU5A6$)! <$2281)! T,2200 $51 9(! $)$!
F,09)%17K) 480 LOS!I *'$Q,714510¢, )1 2$-4700 $9)$! L&S*O* $)$!
>PQ$EQ, 718510¢, )1 $£)$! >$22()*! 4%%! Q,505P)1QU5A6$)! S$k+$)ISTISE TS
H)3,&210¢, )537(55! $43, 70! 64861 ) (& (4443708, )17 116437 p! G, $ = $hg! BCCZ/%! 49!
- $AGUE*503) ! 8$ (., 061) 5240841421 A8 -15¢) 41 YT(01210g! = $TAG$5!$£)$! SUIHL0, &45A69!
%oth" ()*! +$240$T01 <<, )1*61)! $01 17 NZWZN )41 YI LIy = $TAGSS! #) 64240, 845A6!
- #5701 T16)!p!=, ISgINZXWE!

6.1.! Glutamaterge Transmission

Y7(01210! #50!0 4%6! = #A60E*50$! $as$*$)4$! 8$(¢,061)52400%8! #2! d8-!]<<,)1*61)y!
NZWZME! -$#)$! %ot () *! - #4! @2$8! #,) ,06,Q8! ,4$84! 28017, 08, Q$! GHI$Q0, 831 24745)!
+$E2400$T0EH, ) , 08, Q! Y7(012106$9$Q0, 83) 15#) 417#*1) 4$) *$50$ ($80$!H, ) $) " 1) K7$q! 448!
5#A6! 6#)5#AGITHAG! #6635! J(3?1(5! 5, z#$! #6686! [#)A()*5.90 I (#+48&()*5.! (4!
b$H()*5$i*$)5A61308)! - $H$4! 4433%63)94$6$)! 71558)! JHEIP) 75! $0! 17Eg! BCNCAE!
J)61) 4146656 FEK3$E$) 91306 5Q$345A65! T * , )#50$) ! - $64$) 154814) 13, 7*$) 48! YE(QQ$)!
Q0604701 8.2806P7."". 35018010 18<<"*J g0 {.J2%),.0.6P4é,UP.V.2$06P1.R.
#5,U19,7Q4,Q#, )5K(E$! ]I<<FI".! 5, z#$! /1#)10.G$9$Q0, &$)! ]<<$74&(2¢! BCCCH!
<$01?,06,08! Y7(012106$9%Q0,2$)! 54)4! Y .F&, 0$8) ! *$* ,QQ$70! () 4! +$62400$7) ! @2%8!
438! [HAQ*! +,)! -$A,)4! <$558)*$&! - (?7501)9%)! #)0619$7T(TKES! —#*)17"15"14%)!
18#5 - $)4%%!p!=,))¢!BCNCE!

6.2.! NMDA-Rezeptoren

e 8<<""J.G$I$Q0, 4", 2Q7SU! #50! $#)! Q,505P) 1QUE5A6SE! H, ) $) " 1) 176$9%$Q0, &g! 438!
210*$?74A6! 1)! Y$4KAG0)45.! ()4! b$e)Q&, 9%55%)! 28087401 #501 () 4! $)$! = #A60E*$!
G, 1$1)148815P) 1Q045A6%$) | FT1504940K0! () 41%)1Q106 , Q6P5%, T, *#5A6%$) 6., 9$558) 15Q4$T0!
17 ) *7$44) $I$01 1769INZZZAE L&M501308! 81! /M1 () 41 =18"1Q$6 251 2$71 ] <<, ) 1*61) ! $0! 1 7Eg!
NZWZMN (4! 2$)\0#*01 9(&! I " 0+H$e () *! 435! G$9$Q0,871) 175! 5, =, 671 4$)! I*, )#50$)!
Y1(01210y 175! 1(A6! 4$)! /7 ,1*,)#50$)! YTPAR)! 1/1$A7)$4! p! " #)*7$4#)$y! NZWWs!
=1$28$)05! p! %3$502¢, , "¢l NZZNE! **11 $UBLISTI(TKESS! <<*B"I 9(! $#)$&! )#AG(!
", 208004+8) 1 [7,A143$14$5!8<<""J.G$I$Q0, &" 1) 175!3@640y!54) 413@4! 445! T " (+#$8 () *!
435! G$93$Q0, 85! ?%#! &(6$)4%)! <$2761)Q,0$)011$)! *1$4A6! 9 - B 1(30650$) 49!
L&$#*)#55%! ) \0#*1 448! Q4KSP) 1QU5A6S! TeS$09() *! Q4! [HA ™! +,)! YT(0121011)!
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8<""J.G$9$Q0,88)yl 5, z#l  $H)$  1(5i$iA6$)4!  S018"$!  Q,505P)1QU5A6S!
<$2241)4$Q, TLA5108, )g! 448! 98! L)03$E) ()*! 488! <*BvI [7,A14$! 36680 TY , )41y
BCNBE! bS*$)! 264481 7 ,41(558000)*$)! +, 89 *, 220! $5! 4(8A6! 448! [4O*! +,)!
Y7(012100 98! +, TT50K)48+$) 1 v33) () *! 485! =18". /1) 175! 240! $£)$2! L)508, 2! +,)!
=181 £)1 4151 A$T7H) ) SASE! " 495! 2% = #8701 $£) B! J " 04-+$R() *1 =18V, 126K) *#*$8! L) 9P 28!
LE)1@2$82K08* S8 =18". LE)508, 214501 2\*T#A6$E = $15$11) 14361 YT (01 2108U940 0, USQHIKD!
2$0$#75%01 1b#Q0, )! p! G,58)2$6*! NZZRs! b$$! $01 175! NZZZs! >184#)*612! p! [14£)*!
BCCO'!

il S1(QBO)TE,)! 4% 8<''J.G$ISQ0,EE)! TSN 175,! $6%% #£)! 4%
1" 0HIKIS126K) *#*8) | LE6\6 () *1 454! £)019$TT(TKES)! =18v./ ,)9$)0810¢, )1 415, 240!
438! G$*(710¢, )1 =18%.176K)*4*$a! F&, 995585 , 22,67 543! 4(8A6! 445! LAOS(*()*!
$7$" 0845A6$H2Q (75819 (41$84$%$) 43) |-+ 1702$38061% ) *12$HR1*$)E!

HU 8" J.GEISQ, &1 501 1 (5! +4$4! +$85A654$)$) ! D)ISESH) 6$#$)! 1(3%$21 (0 ]=(71.
=1)4P!$0! 175! BCONAE! *"#$! D)0$6$#) 680! SGN! = 4841+, )1 $£)$21 YS)! ™, 44$40E! ** (446!
17086) 106435 —QTAS)! T1558)! 5¢AG! W! +$45A6ES4A$)S! —QTEAS+LAL)0$)! 486! SGN!
OUSASS) ! 445! 5EA6! 6¥)SHABITEAG! #68SK! 5 SMSHTO*! 04! TO) ", )! ()I$E5A68#43)!
1) *1$4£) $1$01 LTEgI NZZZE1 T8 S GBI $U#B0:58$) 14481 - (20PQ$) | 8GBI . 8GB™ "I () 41304!
8GO! 445! - (2APQ$)! 8G0J! ()4! 8GO[E L5! 2055$)! 9 - $#1 SGN.D)$4$:)6$4$)! #2!
0$012$88) 1/ , 2Q7$UL+, &78$*$)g! (2!$£)$)13() "0#, ) $TI$) ! 8<"* T .G$ISQ, 4" , 2Q7$U!
9(1 2474$)11G,5$) 2 () 4! $0! 1TEg! NZZWE! ** (8A6! 448! LE*K)9()*! +,)! 8GB.! ()4_, 4%
8GO.I  D)ISSH)E$HS)!  $)I50$68)!  $HS! #9167 +$E5AGISAS) S
7,270)108,)5+11)I$)E  LE! 30T, 8<""J.GHI8Q, 4 2$50$60!
4$2$)050i$A6$) 4! 1(5!$£)$2! 8GN 8GB.!1 29 - £ 8GN_8G0.>$1$k, 442$4! T (&( "1 - 1!
$011TE BCCVS!=6$) D 1%6P TSI BCCXE!
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J*,)#0! /1%,
@ vi(n210 I vipas)!
s1v !leW! 8<"J!

", 2QE13)01%*, )#50!
@ I
/1)11?1,A"$8!

’ <1%)$5(2!

rl ' I

Abbildung 4: Schematischer Aufbau des NMDA-Rezeptor-Ionenkanal-

Komplexes

IS 8<""J.G$O$Q0, &7 , 2Q75U1 501 L (5! R! +$45A6484%)$) ! D) 0$S) 6$40$) 1 1 (3*$7L (B! *"4$!
$55$) 046771 SGN.D)ISE6SH! 98! [F140* 3()"U,)$TSH  G$I$Q,E$)! 295490 44!
[H4()*550$71$! 368! 4$)! /,1%,)50$)! YIPAR)E SGB! GK*0! 448! [£)4()*550$71$! 368! 43)!
J*)E508)! YI(L200E [ '8! 9$)0LIS! H,)$)Q.88! #5010 1(5! ()ISE5AGISATIAGS)!
141)52$2261) 08, 0$£)$)! 1(3*$?1(0E! LUOK19$TI(TKES5! <*31 27, A"4$40! 4$) ! H,)$) 1) 17! 4!
- #4107$8 $£)$! <$27281)Q, T184510¢, )1 $)0388) 0! = , 4(8A6!4$K! /1) 1713081 81" /"1 )4 =18
QE2$12$7! = #44E1" " HSISU6\GS!E) 0819877 (TKESI=15"/ , ) 9%)0810¢, ) ITN501#) 0819$T7 (TKES!F&., 98558
1(50! 4481 5, = , 671 308! 44$1 )$(E, ) 178! FTL50940K0! 175! 1(A6! 38! 448! Y7(01210$U90, 0, UOHKO!
+$41)0 =, G0THAG! 5) 451 1SUD! p! J22474()*! +$6K)4$40! ) 1A6! F185, )5y BCCSs! /4109849 BCNBE!
J224140) 1 240%$ () ATHAGSE Y $)$62¢* () *1+, ) ILT+$54%8!

6.3.! AMPA-Rezeptoren

J<<FJ.G$9$Q0,&$)! 584!  0$08128#5A6%! " 10¢,)$)4(BAGTKSS#*S!  #,),08, Q9!
Y1(012106$9$Q0, ES)E! —#$! = $84$)! #21 *$51208)! Y$6#6)! $UQE#24$60! 1 [$)$P0,! p!
<$14,8.%, ,48(33g! BCCRME! ""#$! +#$8! I<FJ.G$9$Q0,4.D)0$e$#)6$40$)! TYT(GN.
YT(GRN - $43%)! +,)! 43)! Y$)$)! YGHIN.YGHIR! *,48801 ()4! 175! ""#2%$!
9(51228)*$5%8090! (2! 6$08¢,0$0612%8$! G$I$QD,E$)! 9! ?#714$)! 1=,721))! p!
>$)$21))g! NZZRs! 181P)$7#5! $0! 176! BCNCE! t$4,A6! 5¢)4! 1(A6! 6,2 ,0$08128$!
G$9$Q0, 6$)!?7$5A664$?%)! - ,64$)11%$)06, 14101 1TEgINZZXs!b (1$0! 179! BCCZE! 8 1A6!4$¢!
[HAOQ* +,)! YT(01210! $&71 (20! 448! F,e$)\I3) O *! 4$)! L#)50, 2! +,)! 81".H,)$)!
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19(51228)! 20! $5$2! /. L33(UY! (2! 415! Q,505P) 1QU5A68! / , 2Q16042$)01 9(!
430, TLASHSES)E! J26K)*4x1 +, )1 488 d(5122$)5$09()*! 488 D)0$6$#) 640! (4! 4$d!
G8J. LA $7L(?$)! I<FJ.G$I$Q0, 6$)! 454, A6! L(A6! $)$)! =18". L#)508, 24!
- $TAGS5! = #AGKAS! /,)55n($)9$)! 304 445! FTL5MOHKN! 610g! 411 =18%.176K)*#*$!
%) 1T$E$H*) 455811 " 04+£380! - $44$)E!

Sl HBM J<FJ.G$9$QD, & D)ISSE)6S$HS)! 5H)4l 6,A6%14E* 6,2,7,% 24
081)52$27261)$)! A SURIOSTI(TKES)! "™ , 2K)$)!]=, T7#) *64*$1$01 175! BCCRAE! " 491 =.
0$624) 178) ! £)06L9STI(TKES) ! L)4$)! ()ISE5A6$:4$) ! 546! £)14688)! D)0$SESH)6$4$)! (4!
170$8) 104+85! —QT$t0$)! ()41 GBI .LAHHSS)! W1*$)! 9(! = $H$6$)! 5 1841)08)! 2%l
JNSE)106+65!  -QI$io$)! 121 5,1 *$)1))0$)!  THQTT,Q.LU,)!  $R9$C*!
D) 0$6$#) 6$#5+1841)0$)! 24! 1(5*$QaK*08)!
G$I$Q0, 44$58) 5424745484 ) *5$$) 5A6130$) b 1272, 59101 TEgINZZ X1 " * 18@2$4!6) 1 (5!
S $44$)! 421 14(N$)! Y$6iE)! 448! 28$i508)! Y7(GB.D)ISESH)6$408)! $£)$4! G8JI.
LA#ESO)*! 0389, *$)g! 2841 481 #)! 48! Q, 8$) 2474$) 4$)! GS*#, )1 435! 155$2274$40$) !
/1) 1SI$E)IYT(012£) 14 (BABI$E) 1Q , 5105+ *§T14$) $51 J&*£)£) 14550901 = 444¢!*"4855! K G.
LAHSR() *1+$464) 4$60148) I=18" H) 37(UE!"* 16$815¢) 4142114 (T0$) Y $648) 14481 <$64916T)
438! Y1(GB.6L10#*$)! J<FJ.GS$O$Q0,8$)! = $H*$6$)4! =187 #208462812%7 1ZZ ¢!
Ya$*$4! $0! 175 BCCOM ()41 9$5%$) ! $)$! +$424) 484081 L) 97" 1) 177$#3K64* " $401 |=(77.
=1)4P! $0! 17! BCCXs! 1&1P)$745! $0! 17Eg! BONCM 9(51228)! 2401 $£)$4! 1$A60! $46\608)!
J?2 TE)*O$HE H2! Y$*$)51091 419(! 54) 4 YT(GB.3$67$)4$! I<FJ.G$9$Q0, 6$)! =18".
Q$E2$12871 )41 612%)! $£)$! 6\6$ES! L¥)9$7" 1) LTI$H3K6H*"$H01 5, = #3! $)$! 5A6) $T7543!
J)50$*5.1()AI 2 ) * " H)$0" 1]- = 1)5, ) ISULTEINZZS 8!

6.4.! GABAerge Transmission

YI[J! 450! 486! 121 6K(B#*50$)! +,8" , 228) 48! #) 64240, 8#5A6$! 8 (&, 081)52400$8! #2!
d8-f' L0z 11 0Cu ! 177$8! -P)1Q58)! +$6 = $)4$)! YI[I! 175! 181)52408&! 17, , 2! p!
H+$E5$)INZSNAEY I [J.G$9$Q0, 2$)!@7%) 146881 %0t ™ () *$) 107884, ) , 06,08 1Y I [T 4!
OQ4'YI[I=N Q41 2%017,0, 08 TYI LI M GHI$Q0, 88)! 1(51] [ 18) 164! $0! 17t NZZWs!
[, - $&Pg! BCCXME! *"1! 44$! 28#50$)! Q6P5#,7,*#5A6$)! %o#" (O*$)! @?2%! YI[Ja.
G$93Q0, 83)! $LIS(X0! = $e4$)q! - $e4$)! ) (&! 44$58! #2! T,7*$)4$)! YK6SE! ?$7$(AGISE!
"MHE58! G$9$Q0,48)! 58)4! =67, 8444, )$) " 1)KT$! 448! +, 2! bE*1)4$)! YI [ I! *$\33) $0!
2$64%$)!1"\))$)!1 )44 (6A6!$E) ! ; #8791671061621" 7, *#5A6! () 4! " T#)#5A6!6$7$+1) 0!
<$447123%)08! z#$! [$)9,441980Q1) %y [L&240(4105y! —0%6,#4%! L4 JT)K506$04" 1!
2,480 - $43%)! "\))$)! 1<1A4,)174! p! ci5$)g! NZZRs! -#$*6180y0 NZZVAE! **$8!
YI[J5.G$9%Q0, &! #50! $#)! <t*7¢$4! $#) 88! z 28631247481 +,)! 7#*1)4$) *$50$ ($40$)!
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H,)$) "1)KI$) g 91 434! 1(AB! 4S8! )HA, 0)5K (8S6170+$! JASIPTAG , 74) . GSI$QD, &gl 4%4!1 V.
>P44, UPPQIL2#) . 1PQ.0.G$I$Q0, & ()4! 4%4! YTPAY).G$ISQD, &1 *$6\E$)E! 1'6)74A6!
S5 4451 1)4$6$)! <H*THSASR! 4455861 GSOBQD, b - (QBBL24HS! 5¥)4! 445! YI[J..
G$95Q0,4$)11(5!30) 31 D) 0$E$4) 6$40$)19(512 2$) *$5$0901 |8 1P$$2 1 $0! LTEg! NZZRE ITTS!
YI[J5.G$9$Q0, &.D)0$E$H) 63408)! 2$50868)! 1(5! $)$K! *&, 08)! SUBLISTI(TKES)! 8.
0$426)178)! ™", 2K)$)! +$6 181)52$2261).11< **, 2K)$)! (4! $5)$8! *E,08)!
£)0R19$TT(TKES)! -ABT$E3819 = #5A6$)! 10! () 4! 1 <R!]-A6, 348741 $0! 17Eg! NZWZE! [#56%4!
= (84$)!#)5*$51201NZ! D)0SESH) 6$0$) ! T{N.Xg! [N.Ogt IN.Ogl~g! ot Agt Al ()41 CN.OM +,)!
YI[J3.G$9$Q0,6$)! 1(5! 4$2! 8$+$)5P50$2! +,)! —K(*$0$8$)! *7,)i%i0 ()4l
5$n($)94$4011%66404) * IS0 LTEgINZZZSI TE1) * 5/ BCCWIE! 4811 216K (3*508) 1+, 4" , 228) 49!
G$93Q0, 89(51228)5809() 1421 d8-1+, )1 -K (*$USE$) 145014481 / , 226) 10¢, )1+, ) I{Ny!
[By' 1B! ]-#6*6160 p! -Q$&"g! BCCBs! TL41)0 p! Z1#71g BCCSE YI[J! 24)4$0!
SUBLOSTT(TKAI 1)1 4481 {1 (4! | .D)0SE$H) 630! 1-0$06$)5, Yo NZZVAE! " #9512 = 44" 01 $#) 3!
7.)3,6210,)5K)4$6)*! 485! G$9$Q0, 85! (4! =7-.! Q4! >=Co.K,)$)' "\))$)! 49)!
H,)$) " 1) 17! QLE5HES)E! **$a! +$E2H0T0$! =67, 844¢, )$)$1)508, 2! 28421 V33)$)! 485!
Z1)1T51$89$ (<01 $£)$! >PQ$LQ, 71645108, )14$41 Q, 505P) 1QU5AGS) ! 8$4+$)9$T78y! = $TAGS!
5, 24014)1 44! L)050$6 () *! $£)$5! £) 64240, 845A6$) 1 Q, 505P) LQU5AG$)! F, 0$) 041751 THF—F/!
455 (TOHSR0E1 " 451 2$1508) | 6K (341 +86 = $)4$0$) 1 I )K506$04™ 11 S6\6$)! 4481 I ™ 05-+0K0! 4%8!
6$22$)4$)!YI[J.G$9$Q0, 6$)!+, 2! 1PQIIITY I [ I 14481419 = $#1>1(Q0*&(QQ$)!
$#)*$0$470154) 4°1Q , 505P) LQU#5A6! () 4!$UNE15P) 1QU#5A61]G (4, 106! p! J)0" , = #1"g!BCCR!
[4A"$PIp!<, 4Pg'BCNBA!

F,505P) 1Q05A6$! YJ [J3.G$A$Q0,6$)! = $84$)! 4(4A6! 6,631 /,)9$)0k10,)$)! +,)!
YI[J! 17 06+$80g! 4481 1)1 QRKSP) 1QEA6S)! 1 $424)178)! 36$+$5$0901 = $A4$)E! 435!
G$95Q0,45)! $ROB(*$)! 061)545)08! 6$22$) 48! Q, 515P) 1QU5A6S! ~N2%y! = $TAGS! 443!
5A6)$TI$/ , 22 (4" 10¢, )19 2 #5A6$) ! 8$(E, )$) 16$*$T)EIH21 Y$*$)5109! 419(! - $4$)!
$UG15P) 1QU5A6$! Y. J [J5.G$9$Q, 6$)! 4(4A6! )i$484+$I D2*$2()*5" ,)9$)(81%¢, )$)!
+,)VY I[N 1 0+SR0E! -4$! $9$(*$)! $£)$)10, )45A68)! 6$22$)4$)! ~04, 2q! 4%4! 448!
)$(8, ) 178! LEaS*218" $Hy! 445! 8$09 = $4"5P)AGE, YHKI! ()4! 415! ™, *)Hi+$! ; $461708)!
ES* (4940 JT181)0! BCCVS! [&A1$P! p! <,4P! BCNBM! *'#$! 1)K506$05A6$)!
Li*$)5A61308) 1+, )1 /$0128)! 1 $84$)14) 14861 GS*$11 1 (314i$1 >$22 () *1+,)18<""J.
G$9$Q0, 6$)! 9(RQA *$30680y $5! *#20! 34, AB! 1(AB! >¥) = $i58! 1(3! 443! [SI$H7E*()*!
1) 4883811, )$) " KIS ) 41G$ISQD, 4$)EL/$0124) 1$66\6010, Y#5A6$16$2 2$) 4$! -\ 2!
!5, 78408)! 2@ED$)! >400,A120(.! 4! /,u8U)$(E,)S)! 211 26)i217%)!
J G247 O*$)!1(315P) LQU5AGS! Y I [J5.G$9$Q0, 65)11%61)*1$0! 176! BCCVAE! **16@2$4!
6£)1(5! 610! /$0128)! Y I [J.G$9$Q0, &.— (20PQ.5Q$94345A6%! L33$"0q! 4481 9 (! $#) %!



HHE! #0810 (4@ ?$854AB0! ! I'11BRI

573" 048)! F,08)9668()*! 4$8! SURISP)1Q05A68)! Y. I [J5.G$I$QD, &. +$42400870$)!
0,)i5A68)! >$22()*! 3068$)E 5! L33$T0! 0GK*0 = 1685A6%)7A6! 9(! 49)!
)$(&, 4$08$554+$) ILEFS)5AB1S) 1+, )1/ $012£) 12$#]%61) *1$0! LTEg BCCVAE!

!

7.1 Zielsetzung der Arbeit

150 061712, 7,807 173! 8$09z 87! - (848! 175! z#AGH*S! di$TE0R(T0(R! 304! 43)!

1)K506$0¢" 1.4)4(94$808)!  [$ = (5505$)5+$67 (500 #4$)04340¢840E! 14,00 91674$#AGSH!

—0(448)! TL))08! 4k *$)1(S! <$AB1)HE2(5! 4%5!  1)K506$04"1.)4 (94$40$)!

[$ - (5505%)5+$47(50! 245681 ) (& ()9 (E$4A6$) 4! *$"TKR0! = $64$)E! Z$0124)! 9%*0! #2!

Y$*$)5100! 9(! 1)4$6$)! J)K506$0¢* 1! $#)#*$! [$5, )4$E6$H$)E! -, ! 28, 21460801 21)!

OB /301281 #21 Y$*$)51001 9! 1)4$6$)! J)K506$0" 1! $£)$! )$(, ) 178!

J " 0#+HOK0S50$+$E () *E! diST! 4$8! +,874$*$)4$)! Je?$H0! - 18! $50! 6361 (59(3)4$)g! , 2!

445581 J " 0#+0K055088+ S8 () *! 1(3! $£)$2! 06171 245A6$)! , 4% * 404" 17$)! F6K) , 29)!

284 (60E!

H) 14485581 J42$4015, T1$) 1£)52%5, )A$E$!3, T*$) 4SI TR1*$)12$1)0 = , 40501 - $44$) !

NE  Qo#$!12$$#)37(550! - ./ $0124) 1 44$1#) 06) 545A6$! Lag$* 214" $401061712, * , 40" 17%8!
-AB1T0)$ (&, )S$E!

BE  96#$l 2$$6)3(5EN -./$012#)! 501)) ()*51?26K)*#*$l >=8./1)KI$! #)!
061712, ", 404" 17$) 1-A6170)$ (&, ) $) E!

Of [$$£)37(550! —. /$012#) 1 4431 ) $ (&, ) 17! LEES*214"$#0! =, 40¢™ 1734! 8$(&, ) $! 434!
b12#) 111 ; 11>1(Q0$)*1)*55010¢, )1061712 , * , &0 11$4IF&, 0$ " 0¢, ) 5315$6)"E!

RE O6#$! 2$$£)37(550 —./$012£)! 4431 —Q,)01) 1" 04+40K0! = , 404 1786! 8$ (&, )$! 4%4!
b12#)1H;E!
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III.!  MATERIAL UND METHODEN

1.! Versuchstiere und Haltung

"8l C8*1)$)0)1628) ! $63, 7*08)! *$2K0! 44! LD. GEABITE)4$! BONC X0 LD!5, = #$14$)!
F1E1%6106$)! 495! 4$(05A68)! I#$I5A6 (093590985 9(2! -A6(19! 4$% 308
- #55%) SABLITHAGSIC = $AT $1+38 = $)4$0$)! 14S4SEI TARIAHS! - S65(AGS! = (849)! = $#2THA6S!
<K(5$! 485! -0122$5! =VS[NX 8! #2! JU$Y +,)! RV %,A68)! 04 $9)$2!
<#)A$50%$ = 4601 +, )1 NV! *1 1(5! 5Q$94345A6! Q106, *$)3$#$8! d (ABD! ]=6147$5! G+l
[£, 06162 1A$ (ALY —$4-+AS5! Y22>g1 <1U.FT1)A".-(&10$! NV1g! RCXZZ! L&*§106y!
"'S(I5ABTL) AN +88 = $)ASE! " 4$! 14$ES! = (84$)1H)! YA(QQ$)!+,)!B.R! 1£$4$)! *$6170$)E!
—#512$510$) 1$4$E0$H0136$45) [ (F1) *I9 (1T (00$&!]>170() *544K01308! G L00$) | O 4 <K (5%
I, 26)! —Q$L13(M$E! Y221 p! =, B /Y b1*$g! ""$(I5A671) 4N ()4! %615586! L5!
B3A45AG0$! $)$! D2*$2()*50520$610(&! +, ) BN! N BO=g! 4451 b (3035 (ABIS! 2608 C*! VI !
NC! i1 ()41 $5! = (44$! $£)! 11* S1A60! GEPI62 (5! +,)! NB! 6! *$3164$)E! *"4$! ZK34*$)!
- 18$)! 2401 ¢$! $9)$2! &,0$)! D)0$E5A67(Q3! 1(5! F,TPAL8?,)10! 1d, , )7L =158, Q.
GL(USTY! ""$(05A671) 47! d$TT50,33y! B1*$6\1988)! ()4! 8$507$05! 1I)ALESY! [$772, 484!
8$:1u,4"g D-JN 1751 L)&A62$)01 1(5*$5010080E! TE&! $4$! <$556$¢6$!  18$)! NC!
$43, TXASHAGS!  SA5(AGS! +,E*$5865)! T, 281 24! $H)$K J(5317In(, 08! +,)! OC! & !
*$QT1)0! = (B4SF!

2.1 Herstellung vitaler Hirnschnitte

H)14$81+, 8765*$) 4$) 1 J&2$40! = (84$)15, 613" (0.-AB)00Q8KQLEL0$! 6$6*$50$T10EI D2 142!
>#§)5A6) 001 4431061712, * , 804" 175) 1 )$(&, ) 17$)! 5 $62£)4()*$)!19(1 $6170$)q! = (643)!
445! -AB)H0QEKQLEL08! *$ = £) “$T0! $)05Q4$A6$)4! 484! F(274"10¢,)! +,)! I*2 )1 4!
=,)), 8511 *$3%6*011I*2, ) Ip!=,)) , 85¢INZZN!

2.1.! Priaparation der Schnitte

TSl ; $E5(ABHMSES! = (84%)! H)! $H)S! T)HK506$54$" 12 286! *$580901 ()4! $)$! 04$3$!
814" ,58! - (84%! )1A6! "T#)#5A63)! /8$4:$)! 1I (5?1$#2$)! 485! —($T76$31SUSSM 4 (8AG!
0&,Q38) = $#5$! d(*17$! +,)! H5,31(E1)! $#)*$1$#0$0! THS,371(61)! =Fs! =F.F61421!
>1)48$75*$58775A61301 2?7>(! [(6*4,83y' ""$(05A671)4"E! J)5A67i$0$)4! $83,7+0$! 44$!
"'$T 1040108, )1 24064733181 Y (#17, 06) $!71% , 4741 FESALSE, ) IH) 506 (2$) 059! - 1815, 01g! Thg!
D-JMIJT$)1A63, 7*$)4$) ! -AGKINS! = (44$) 1) 1$#) $I$#5*$" @670$) 1 240!1=18? ,*$) *15!
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JZViE! CByl V! =CBMN *$5KI#%0$)! 10834068TTS)! =$6$28, 5Q¢) 1737@554% " $#0! J1=-T
A(BAB*$IO6HEL 'S 1=-T! 4#$)0 1751 F(3$2$44(2F 51 #5001 #)! 4643
H,)$)9(51228)5800)*!  TI12E NN 480 $)$5! Q6P5¢,7,*#5A68)!  bin(, 5!
)1A6$2Q3)4$)E" 151 Y $64)! = (84$! 24087519 = $#$8! 1841)5+$45175A6) 081+, )1 " 1 (417!
Q4! $9)$2! 311A6! *$30660$)! —1*400175A6) 40! $)071)*! 4$8! <HISTIE)#$! 435! —ABKASTS!
)1A6! &, 508171 363451501 ()41 ) 1A6! I (324$*$)! 458! —ABKASTEKTS)! ) 1A6! T108617! () 4!
" (RABKS$) ) (%1 456! B+ , QUiAH 2401 $£)$21 17%$4() 4$05) ! -QLISTI $)0) , 2 2)E " 45!
F,580¢, )#60() *1$63, T<0$1 2401438 [ 15451) 1861 O 0$)! O 414$218, 506178) 1L) 4311 (31$4) $6!
NCIYE141G12Q$!1? = K8O5! = $458) 481" 491 ~AG) K136 () *1$43, T<0$1+$a0¢ " 171421 9/68) "$71
+,)IVVIYE1419 (BI51*H017$)  <<#0$77¢) 4851 T ) 5A6T$0$) 4! = (84$1415!FEKQ1E10! 2401) 1A6!
OI$)! Q1094340861 ~AG)HIBTKABS! 1(3! $£)$2! <$01T?27,A™! 2401 >i50,174P7"1$2%8!
2$38508<0E! *"#$! >$a50$77() *! OVC! U121 444" $4! ~AB)HIQEKQLEL0S! $63, T+0$! 2400$75! $#)$5!
S#2000, 250 J<#hl, 2! ><! XVCzg 16862, TH68K -ARS)MBAY —AG - $A0%!
""$(05A671) A€l J)5A6TE50$) 4! = (843)! 443! -A6)HOQRKQLELIS!E) I $5)1H) * (P10¢, )5*$3Ko!
2401 *$5K0E0$8! 1=-T! 028630680 ()4! OC! <) (0$)! 2% OV! Y§14! £21 %15584214!
£) " (248806 431 d (5122$)5$09() *! 456! 64363081 +$8 = $)4$0$)! 1=-T! () 1$45A64$4! 54A6!
(! 4%R! 308! 4#$! FAKQLR10,)! +$4 = $)4$0$)! 1=-TE! ~#$! 4501 £)1 112E! BI 414*$50$TT0E!
J)5A6T$0$)4!l  $83,74081 B! SHSES!  OC.2H)EN*S! I (32$:1660)*! 28!
G1(20$2Q8410(&!JBC. BRI Y4141 =$T5¢(5EILE)$! ™ , )0F) (H$674A6$! =187, *$) *15.d (3(68!

- (849! - K6ES) 414$R1ASHE21H) * (210, )5*$3KOSHAGSE* SH0$TTOE!
|

Tabelle 1: Zusammensetzung der aCSF zur Priparation der Hirnschnitte

Substanz Molekulargewicht Konzentration (mM)
(g/mol)

NaCl VWgRR! NBV!

KCl SRyWW! BgV!

NaH;PO4-Monohydrat NOS(ZZ! NgBV!

D-(+)Glucose- NZWgNS! BV!

Monohydrat

NaHCO:; WRCN! BV!

MgCl;-Hexahydrat BCOyOC! X!

CaCl-Dihydrat NRSICN! CyV!
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Tabelle 2: Zusammensetzung der aCSF zur Durchfiihrung der

elektrophysiologischen Messungen

Substanz Molekulargewicht Konzentration (mM)
(g/mol)

NaCl VWgRR! NBX!

KCl SRyvW! 0!

NaH;PO4-Monohydrat = NOSgZZ! NyBV!

D-(+)Glucose- NZWgNS! NC!

Monohydrat

NaHCO:; WRCN! BX!

MgCl:-Hexahydrat BCOyOC! B!

CaCl-Dihydrat NRSyCN! B!

|

2.2.! Infrarotvideomikroskopie

<H0$T5! 458! ) 318, 0+#4$, 2478,5% , Q8811"", 400 O)4) QE$*T*1)52$4*$hg! NZZRN = (44$)!
48 8$(8,)$ #21  +HOU1$)!  S#)5AG)HIQIKQLEIN  +E(LTGSME  H)! 4%
—01)41842476,5" , Qi$I56) 41 $£)9$7) B! 8$ (8, )$)! )4AGN 416508712181 41! 415! B$09 = $4"!
1(5!$5) 86 %6, 0$)1 J)IL6T +, )1 44AB0! 2$$) 1) 4861 74$*$) 4$) 1 85 (&, ) $)! 2$50$60! T@4!
448! H)318,02678,57, QiS! = 41 DEAGY 2401 $)$8 %6$TI$)TK)*$! +,)! SWC! )2! 9(!
TABTS(ABIO™! 485! >#)*$-$2850 +$4-$)4%l! 411 TI)* - $THAES!  bEAGN!
~08$(S0E167()*! +$624) 48401 ()41 $)9$T)$! ASTIS)! 2$5584! 414*$50$770! = $64$)! *\))$)E!
ol (5KO9T4AB! = 4419 2 #5A68)! >17,*$)712Q8! )41/ ,)4$)5, & $£) ! H) 136354 934708! 175!
7, Y0150+ $450KE " $410TL008S40E!

"$819(1 0385 (A6$) 4! [$ESHAG! - (64$1421"" (RABTEABI2¢E, 5" , Q1] IUE, 5A, QIT—gl=147!
d$i55! JYg! C286" ,AB$)]! " $(USAGTL) 4N 240! $)$21 XC3LAG! +$4*EN0SKIS)! Y615588.
H2 28658, )5, 208" 0+1]) (2$845A6$! JQBU(K! CoZs! cTP2Q (59! >1272 (8! **$(15A671) 4N
263! $£)$A! F) 318, 158)5806+$)! ;5 #48, " 128411 " #*#017 =12$41! =NNRRCy! cG=J.
J156REC NGl >1212105(! F6,0,)#A5! ""$(15A671)41 Y22>( >$U5A6H)*1 12!
J 22865880 **$(05A6T1) 4M 1(3I $£)$2! <, )0, &1 +5(LIHGAGR0E! ** 15 H) 3418, 02478, 5", Q!
2$3) 430156061 9 (4173 " 0845A6$) | I ?5A682 ) *1£) 1 $£)$21 T14141P5A6$) | ZK38+1 () 414501
130 $9)$21  5A6:H)*()*5*$4K203$)! <$5505A6! Q. 5H0¢, )HSROE!
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Abbildung 5: Versuchsaufbau des Infrarot-Videomikroskops und

Gradientenkontrastmethode

J'1-ABS$21045A688! 3 $I5(AB51(3?L (! <HBHT3$! 4S8! HG. 3 #4$, 244,57, Q! "\))$)! 8$(8,)$!
#2117 (03)! >#)5A6)H008KQ1E10! +5 (17543800 = $4$)E Zz 284 $1)$! k(180931584 = #4! $F)!
b15$2Q(75! £)! 415! <#"8,5",Q! *$7$10801 ()4 4(4AB! 5 SE2H0T()*! $£)$5! 44A6E, (#5A68)!
—QIS*ST5! ()41 C20$T0H+5! 1(3! 4150 12*$1$H0808! 8$(8,)! 3, " (S5BUE [ F&¥)9Q! 435!
Ya1448)08) ", )01505 LES! 5 4508738742818 (AB0()*! ()41 )1A6*$5AG1TS0SK! **433(5, &l
FS46E)*$0) 1 4151 -8B (THAGY! = , 4(ABI$E)I6\6$ISE / , )0R1501 () 4! 5 #5(LTH5$A () *S0E$3S! $A9S (0!
= $R4$)E 1SV PII 22474 () *1+$8K) 4$601) 1AB!" ", 401$0! 1TE1BCCBE!

|

3. Elektrophysiologie

3.1.! Versuchsaufbau

"HHSI>H#8)5A6)H00$! - (848)1H)1$) $!1 24011=-TIQ$E3 () 46$40$! I 27340 " 12 2 &I *$7$*(E! * * 15!
J(31$*$)! $)$5! 5,*E! Yyl $)! )PT,)?$5Q01) )08 FIL0£)44160)0 +$46#) 480!
[$:2$*()*$)! 435! -AB)H0F5E! <<#06473%! 2,0, aSHPE0SE! <<#™&,21)#Q(710,8$)! ]-<S.!
G$2,08! A,)0&, 7! 5P50$2¢! b(#*5! p! 88(21))y! TH)28A61)#"! w! L7$"0&,0$A6)4"!
Y2?2>(! G1i)*$)g! "*$(05A671)4"N - 18! $5! 2\*THA6y! 415! <<#"¢,5%,Q! 5, Z#$! 443!
<$55Q4Q$00$! () 1?26K)*#*! +,)$#) 1) 4% 9(! 2% - $*P)E! TEE! 448! <$55O*! +,)! 1 /.
-A6110)$(&,)$)! Q4! >=8./1)KI$)! *110! 3,7*$)4%8! ; $85(A651(3?1(! )1A6!
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J(3986A6) O)*! 50124788 /)08, TT2$55()*$)! @2%6 NVI <€) (1$)! = (848! 44$! 240!
=147, *$)*15! *$5KN0E*0$! 1=-T1£)! O ()ISEEAGISATIABS)! ; $45(AB5SHES)! 240! $#) %!
7)99)61E,)! +) Vit NG Q4 00 a<! -./$012%)  +$5$000 (4!
$7$" 08, 06P5#, 7, *#5A6$! <$55() *$)! ) 1A6! BCy! OC! () 4IRC! <#) (1$)! ) 1A6! JQQTE™ 10¢,)!
4350 - /$012£)5! 1(3*$OBAG)SIE! *'il <$5$6)! z (44$)! £)! 1(350$¢+E)A%H!
7.,)99)0810¢, )1 4 (RAG*$IA6A0E! TAA! 443! 1)5A674308)4$)! <$55()*$)! ™, 404" 17$4!5, = #9!
5Q, )01)$8!#) 64240, &5A6%4! Q, 505P) 1QUBAGSR! ~IR\2$! = (84$!) (& $£)$! 7, )9$)0810E, )!
INCIL<1+86 = $) 4$UEL ITISILUQSE2$) 03! = (84$)!12$41GL(20$2Q$410(814 (BAG*$30640E!

3.2.! Whole-Cell-Konfiguration

H2!+,87#$*$)48) F&, 2 ,0#,)508, 08701 = (44$! 455! $6502175!+, )1 8$6%4! ()4!-1721))!
?7$5A664$?3) $IF10A6!=712Q! 1$A6)#"11)*$ = $)430118$6$e! p!-1" 21) )gINZSXE!** (4A6!
4%)! 6,6%)! I?44A60()*5 - #4$6501)4! 9 - #5A6$)! FHQS00$)5Q409%! (4! d$112$2261)!
Z$TAGSE! 421 Y#*1.-$17. [$4$AG! T4$*0g! 24$080! $5! #2! Y$*$)5100! 9(&! <<$06, 4$! 240!
<#"8,$71$708,4%$)!14$)! ; , 808471 L(AG! "7$#)50$! —06\2$! 9(! 2$55$)E! IT7$! <$55()*$)!
488 +,474$*$)48)! D)ISS(A6()*$)! $83,7¥08)! #)! 4%k 5,*t! e%6,7$.=371f.
/)3 (L0#,)!1Th1Y 1) 99811121880 () * M) 1 46! 445! *$51 208! $7$ " 06£5A6$! I ™ 04+#0K0! 438!
d$T7$!418*$50$770! - #8411 [71)0, ) IS0 LTEINZWZNE!

3.2.1.! Anfertigung der Pipetten

<<#06#73$! $£)$5! >, 849, )017. FEQS00$) 94$6*$eK05! 1" <<d! D)#+$8517! L1$AK , 48! F (778!
d$#09.H)506(2$)05! ; $808#$?5! Y 22> <1608)568$4g! "*$(05A671)4s! T1128)* ! [&, -)!
<#A, Q4Q300$! F(T78ey! <,4$7! F.NCCCyl - (00%8! H)S0(28)0g! D-JN - (849%)! 44$!
[,&, 54747 10./1Q477118$)! TY [NVCLTE.NCg! -As$)AS! F&,4(AB! Y22>¢1 >,3682(!
""$(05A671)4s! [ TNVC.NNC.NCy! - (006! H)506(2$)05! -As$)AS! F&,4(AB! Y222>(!
>, 36$42¢!" "$(05A671) 4N 1) *$35604*01 () 416409$Q , THSE0E! " *$&IH) ) $) 4 (BAG 2 $5588! 2808 (*!
NgNS! 221 29 2 £ NgNC! 22¢! 48! I (0$)4(6A62855%8! NgV! 2 2E! *"#$! <<$55Q4Q$00%)!
2$510$)! $£)$)! -Q#09$)4 (4A62$55%4! +,)! NU2! 4! $)$)! YT$#AG50E, 2 = #4$6501) 4!
+,)10.S! <&F! ""$6! %#4$8501)4! - (64%! )1A6! L¥)01(AGS)! 484! FHQS00$! #)! 44$! 1=-T!
285042 208! " "#$1#) 1 438! FEQS0$! 2$3¢) 4THAGS! D\S () *! = #41 175!H) 0619877 (TKET\S () *! JHdM
?$9$#A6 ) $IEIHGES! D (512 2$) 5809 () *1+164#340510$!) 1A6! 7 $e5(A651 (3?1 (gI(2!, QuE2178!
[$34)* () *$) 194 IS0 *1?7$5042 20861, )$) " 1) 17. /7155$) 19 (1 $L4$#AGS)E!
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Tabelle 3: Zusammensetzung der ,,Standard-1Z*, pH= 7,25

Substanz Molekulargewicht Konzentration (mM)
(g/mol)

K-Gluconate BORgBR! NOC!

NaCl VWRR! V!

MgCl-Hexahydrate BCOgO! B!

HEPES BOWgO! NC!

EGTA OWCqyOV! Cyv!

ATP-K XNZy0Z! B!

GTP Na VBOgNW! Cy0!

Tabelle 4: Zusammensetzung der IZ zur Messung der spontanen

inhibitorischen postsynaptischen Strome, pH= 7,2

Substanz Molekulargewicht Konzentration (mM)
(g/mol)

KCl SRyWW! NRC!

NaCl VWgRR! \%

Phosphokreatin-di-tris  BVV(CW! BC!

HEPES BOWgO! NC!

EGTA OWCgOV! CyN!

ATP-Mg VCSgNW! B!

GTP Na VBOgNW! CyO!

3.2.2.! Herstellung der Whole-Cell-Konfiguration

TSI IS *1 488 BS (&, )1 383, TF0$14) 14341906, 78. =977/, )3+ (410#, ) 1#2! 5, 101*§!
=712Q! <, 4(5' 435! <$55+$850KE " $EOE! * "#$! <<$B5Q4QS0$! - 18! @?$&! $4)$)! A6T, &#$40$)!
-#17$8481601 240! 482! ; $850KE"$E! ]-L=.NCbyg! )Q# $1$Alk,)*A!l Y229 1122
""$(05A671)4MN +84? () 4$)E! ""151 T)1$*$) | $#) $5! Z 23844 (A" 5! $8T$HAGISE0S! 448! +45($T7$!
HA$) 063%™ 104, ) 488! 8S(&, ) ! 4(4AG! $)$! ; $a2$5588()*! 488! —#A60+$86KT0)#558! ()4!
5 $861) 486 () *! $H) ! ; $85A62 (09()*! 488! FQSW$)\33) (O *E! D)0Se! —#A60" , )08, 779!
$e3, 7081 $#) B!+, 854A604*$1 J) YK6$L () *1 48! FHQS$!I 9 (2! dS$TT5, 211 240! 5 $es#) *$a () *!
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435! Z2$848(A" 5! 2%# LASHAGS)! 484! A$TTI2$2281)EL T)5A6T#S0$) 4! = (44$)!$+$)0(STT!
1(30$0$)4$! C335800, 05)0417$! ™ , 8a4*#$0E) S1A6! [$1068()*! 434! <$55Q:QB0$! 240! 438!
d$TT2$2261)! = (843! 4$K! SSH0THAGS! Z2$04k(A"! 12*871558)! ()41 )0$E! LEIS(*()*!
$£)$5! 50KE™ S8 = $84$)4$)! D)ISEAL(A™S! 448! 5, *H e=$77. JN1A6$AF.! /7, )3+ (4L0E,)!
BSEFSSISTIOE! ""$8! 568! 6, 63! J?4#A60()* - #4$8501) 4! 9= #5A6$)! FQ$N$)EL)4! ()4!
d$TI2$2261)! HE*0! $21 YH*1,62.1 [SESHAG! TYCUE! 48588 = 484! 175! eY#*1.-$17!
2$0$4A6)$0! ]>1 2471 0 175! NZWNAE! *"$81 6,6%! J244AG0()*5 = #4$4501) 4! 434 (943!
$+E)0(STT 1(06$0$) 485! 08, 281 (5A6$)! (4! SE2\*THAGD 4#$! A13354S$) 9HS0$!
[$,21A600)*! $£)9$7)$a! /1) 171" B4+40K0$)! ]>1 24771 $0! 179! NZWNs! =, (6, (! $0! 175y!
NZWOs! -1 21)! p! 8$6%ig! NZWO'E! ** (8A6! $£)$)! ™ (498)q! 50KE" $6$)! -, *! 434! 438!
[$4$4A6! ()0$8! 488 FEQSNSY! 41515, *E eF10A6 T 4(8AG28, ABS)Y! = , 4(8AG! 4i$1 %66, 75,
=$77.1/ )3 (108, ) | 6$E*$508TT0! = (B4SE!" " 181(36%)! = 181 44$! FIQSUSIT$H$) 4! 24014$ 2!

Abbildung 6: Infrarotvideomikroskopiebild eines akuten

Hirnschnittpriparates

J))K6$EO*! 4$8 F10A6.FHQSNS! INY 9(2! 061712, ", 404" 178)! -ABLT)S(E,)! JB'S! $#*$)$!
J2W4O)*!
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3.3.! Identifizierung thalamokortikaler Schaltneurone

""H$1$7$ 706, Q6P5#, 7, *#5A6$!HA$) (431948 O * 1 1 /. -ABLT0) $ (&, ) 1883, 7*0$121e=(4$)0.!
=712Qa! <<,4(5E! ""(&A6! JQQTT10¢,)! $#)$5! >PQ$Q, 718#510#, )5Q(75%5! 240! $#)$8!
—0K&"$!+,)!1.0VCIQII OQ4!$) $&! " 1($e!+,)VCCI 250! - 4414381308 1 /. -A6110)$(&,) 9!
AB1817084#50#5A6%! ()4! 4(8A6! >=8./1)KT$! +$42:00$70$! e 5 ,701*$! —1*F1 1(5*$7\5(!
Ju)*! 01 17Eg! BCCXAg! 48! 5#A6! 4(BA6! $)$)! 11)*5128)g! $#) = K&05*$e#AG0$0S)!
/104,)$)508, 2He! 416508710E! T (314$) e 5 , T01*$!-1*F13,7*01) 1A6!$#) $&! G$Q, 718#510%, ) !
$! -17+8! +,)1 I "0, )5Q,08)0417$)g! 448! 175! eG$?, ()4! [ (&50F! 2$9$£A6) 0! - #84q!
*$3,7+00+,) 1 $5) B8 1)5A67430$)4%) ! 81A64$Q, 11845104, )1 1$) *TE'! 130$84$Q , 7184510, ) ¢!
J"FMu)*IplY , 1450$#) ' BCCVAE" "#$! () 0$65A6434T#A6$) 1 T " 0+40K059 (50K) 4$! - $249)!
4(%A6! $1)$)! 430, 718#56880%) ! 04, 2Q(75g! 126K)*#*! +,)! #66$2! <$2?61)Q, 0$)0#17!
1(5*$7\5(E!

|
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Abbildung 7. Typische elektrophysiologische Eigenschaften
thalamokortikaler Schaltneurone

!

J'1=6181"086450t5A6341 )0 < , 40+$661708) 1$£) $5! 1 /. -AG110) $ (&, )51 (314481.TQQT4™ 10¢, ) 1$#) $5!
>PQ$4Q, 718#510%, )5Q(7585! #50! 484! 4$Q, T16#5486$) 48! L¥) - K&05508, 29! e 5, 101*$! —1*F! 4$4!
4181(33,7%$)48! eG$?, (4! L(&S0f 5, z#$! 448! 81A64$Q,718#510#,)E [! 1,)#5A6$5!
JTHHK52 (5088 2400 YE)$uSLO*! $£)9N$! I "0#,)5Q,0$)017$! 1751 G$1T0#,)! 1(3!
4$Q, T18583808) 108, 2Q(75!1+, ) 14$Q, 118#54840$) 18$ (&, )$) 1]1<<$2241)Q, 0$) 01712841 VCI2 5 /¢!

34.! Messungen an HCN-Kanilen

I <$55()*$) 19 (& L&2#007() *14$5!4 (8A6!4$)! >=8. /1) 171 +$&240$70$) He! -0, 25!
$e3,7*0$) 21 5 ,101*$.=712Q! <<, 4 (5E!"* (8A6!$E) $I50(3$) - $#5$!>PQ$8Q, 716#510¢, )] &!
2 ;ThINCM +,)! .RO! 2 ;12451 9(1 21U#2171 .NOO! 2 5 ! = (84$! 484! /104, )$) 506, 2! He!
1704+4880E! 48! F(I5TK)*$! = (84%! 240! 50$#*$)4%84! >PQ$eQ, 118#510#,)! (2! VCC! 25!
+$6° 08901 (2! 448! -01247H0K0N 4% J?7$0(O*! 9(! *$-K6&T$HH$)Y! ,6)$! 448!
J iHSLO)*5 )0 9(! 2$8)371(55$)E! B1A6! ($432! -Q1)) ()*55A68400! = (849! 443!
d$77$! 1(31.NCO! 2 ; 1 *$*7$2 20! *"#$5%8! -Q1)) () *55Q8 () *! 5Q4$*$10! 48) ! Tosr! = #34$8E!
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J)61)4! #66$8! J2QM(4$)! TK550! 5HA6! 488! I)0B4T! 4S8! *$\33)$08)! Z1)KI$! 4! 443!
“QL))(O*5126K)*#* 80l 488! JTKHRRO*!  P$5H22$)E  <H6H3$ 4%
~QL))()*5126K)*#* S0l 4S8 el 17.-0\2$F  $2H0$T 21)! 46! $9)$!
8,421758$8()*! 418! C3$) - 1685A6$)THAG " $401 ]Q 3 M 434! >=81 Z1)KI$! 284 ¢ = $H75!
3$50*$5$090$8! <$2?281)5Q1)) ()*! TFLQ$! $0! 175! BCCVs! [(44$! $0! 175! BCCWE! ITIS!
<$55()*$)! 9(&! LE2H0T()*1 +, ) Hel ~08\28)! = (44$)! 4(AB! d (*12$! +, ) NVC! U<!
[18 9 LURLISTI(KENSQ)*! 4(8A6*$30640! (2! 4$)! $£) 1 KRI5*$#AGISIS)!
Z108,)$)50, 21/7519(1) 6524848) | ) 4MHe! -\ 219 (145, 7464$) ] [ (443180 LTEg! BCCWAE!
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Abbildung 8: Spannungsprotokoll I,

He! = (44$14(8A61-Q1)) () *55Q8@) *$!+, )1.RO! 2 ; 1#) 16PQSEQ , TL45466$) 434! GEABI() *1 245! .NOO!
211 0 " (BAB! 4481 9()$628) 481 I " 04+88 ) *5 ) $UE™ 1 = (448! 443! F(T5TK)*$! (2! VCC!
251 24 9()$62$)4$4! >PQ$EQ, 718510, )! +$6"@800)! (2! A4S —0L24MKD! 4S8! %66 ,7$.=$71.
7 )3 (810, )19(1+$42$5586) E 81A610$4$21 ~Q1) ) () *55A6840! = (8431448 ASTI$!1(31.NOO2 5 !
*$ 1$2 200132180 * 12! 1, 01*$.=712Q.<, 4GOS (*17$1+, ) INVCla<! [ 18

3.5.! Strom-Spannungsbeziehung und Membraneigenschaften

H2! =(%$)0.=7112Q! <,4(5! - (44%)! 9(&! L&2#07()*! 4%5! <$2241)Q,0$)0#175!
-0&, 2Q(75$! 240! $#) $&! F(751K)*$! +, ) VCC! 251421 3 ?501) 4! +, ) BI 5 1QQT#O4$E0E! * *#$!
-08, 250K&"$! = (44315466400 = $#5$! (2!¢$ = $#75IWNCIQI !+, )!1.ZCIQI!I 245! 2 1UEIWOXC!QJ!
$EONGIE! J)61)4! 488 ; $eK)4$()*! 485! <$2241)Q,08)0#175! 71558)! 5#A6! 415!
G(6$2$2?61)Q,0$)0#170! 438! <$27?61) = #4$8501)4! G<!5, = #$! 448! I (5T\5$5A6 = $77$!
+,)1370,)5Q,08)0417$)! = 4311 (A6!4$83) I Té$N ($) 911274 )E!

!

[
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Abbildung 9: Strom-Spannungsbeziehungen (IV)

H)G8™0¢,)! +,)! BW! 50(3$)3NE24%8)! —0&, 2¢2Q(758)! 240! $5)$K F(T5TK)*$! +,)! VCC! 25!
J(5*$6$)41+,)1.ZCIQT! = (84814481 A$TT2$2281) 14381 17*$T$H0$08) | ASTISHE) IH)0$E+177$) 1+, )!
NCIQJ! 2451 wOXC! Q1 9()$62$) 4! 4%Q , TLe45$40E! I (514$)! -Q1)) O *51)0 = ,40$)! 1#$0$)! 5A6!
4481 1"08+$)! ()4! QI556+8)! <$2241)$*$)5A61308)! 2H$A6)$)E J21$H0()*! #2! =(LS)0.
=712Q.1<,4(5!()0$8!d (*17$1+, ) INVCla<<! [ 12!

3.6.! GABAA-Rezeptor vermittelte spontane postsynaptische Strome

TS <855 *! +,)! YIL[I5.G$9$Q0, & +$82#00$708)! 5Q,)01)$)! Q,505P) 1Q0#5A6$)!
-0\2%)! - (4481421 ; ,101*$.=112Q! <, 4 (5! 4(CAG*$3BOKIE! " 45! #)! 46! b12#)1IH ;!
1?2*$1$H0$0$! dSTI$! - (84$! 7,)501)00 13! $)! <$22%1)Q,0$)m17 +,)! .SC! 23!
*$T1$220E J (0$84$2! = (849! 443! A (51228)5309() *! 484! HA! 1)*$Q1550! 15E! , 2$) ¢!
d@ [SEsTO*! 488 %" Q> +,)! -./%012#)! 13! 48! YI[I5.G$9$Q0, &
+$82400$70$! H) 682404, )! = (84$)!5,*E15Q,)01)$, (5! #)6#240,4P! Q,505P) 1QU#A! A(84$) 05!
JSHF-=N*$2$55$)E! * " 12841 61) 45701 $5! 54A6! (2!14$9$Q0, &+$824005708!H, )$) 506\ 28! 1)!
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4$4! Q,505P) 1QU5A6S)! dSTIS) 4481 4(6A6! 5Q,)01)$! 181)52400$62408638$45$09 () *!
656+, 4*$4(35)! - $64$)E!

D2! YJI[J5.G3$98Q0,8! +$4240$708! —0G\2$! #5, 743800 4189 (508TI$)Y! = (843! 4K
LUGR19$TT(TKETNS ()1 484! 50$943¢5A6$! Y- J [ I £.G$9$Q0, &. I )01*, Y450l =Y FI VVWRV! V!
H<N5, = #8148 J<FJ.G$9$QD, 6. J)01* , #5018 [ KMIVI<<M6#) 9 (*$30*0E!

4.! Auswertung und Statistik

"SI0, 21)02 ,808)! = (848)12801>L/ JIF(5$>L/ JIE(5$>$" LILT$ 08, )4 1" 88!
~AB(198! Y272>(! b12726$A60)! **$(I5ABTL)4MN 1(3*$),22$) d(&! J(39$:A6) O)*!
501247861 <$55()*$)! = (64%)! 9()KABSN +HILT$! +,)10,08)! ASTIS)! 443386$) 94$a0E! 1 , 09!
d$TI$)1612$)!$£)$)16() 48) 1 d$TT* \Q$hg! = £ $)1*$5A6 = , T1$)! () 4146818 (*T$(51450! , 30!
5AG, )! SHAGD?L8E! £ H0178! ASTIS)! TE$*$)! , 301 £)1 0$386$)! —AGHAGIS)! 4$8! —AB)HNS! ()4!
2$5409%) ! $£)$! "7188y! * (0! 5A602148! ASTT2$2281)EI H)! 48$! I (5 2 $60()*1 37,55%) ! ) (&
d$TIS)! 2401 $£)g! 4461 2£)4$505)5! $£)! G<F! +,)! .WI 251 2$5108)! ()4! 2$8! 44!
*$512081"* 1 (81438 [15876)$2$55() *$) 1501 247$1.3)0 = , 80$) 169 (*<0$)EI8S (&, )51 443!
- KGES)A! , 436 )1AG! 4$8! $8505)! <$55()*! )1A6! JQQIE" 10, )! 2401 - /$012#)! 504" !
5A6 = 1) "$)4%! )0 ,408)! S80S (*0$)q! , 4%8! $5)! 4$(0THA6! SABTSABISS! G<F! 9$£*0$)!
- (84$)$U " T(A#SAEILE)! = $H$6S5!LE)5AGT(55" 4S8 (214$1dSTIS)! = 1814151 LESSHABS)!
$£)$8! 5012418)! 5 $626)4()*! 2401 6,682! J24A60()*5 = #4$6501) 4! #21 [$L$HA6! 4$5!
Y#+1.-$17501 8 (414 (BA6! LEESHABS) $)$5! Y1, —$175! = $84$) 150124781 <$55() *$)! 240!
1(551%$" 8K30*$) 1LE*$?) 4555 1$49$ (*0E!

"4$1'Y8(QQ$) *6\0$! (AAGISISISHAG! ) LAG! 4$) 1 La3168()*$)! 1 (51 484! Ja2$H5*E(QQS A4S
+, 46319158 ) 434" 1)0$) I LA*$2)#558) 1*$3064016 1005) 1] /4100841801 L TEg BCNS ¢!

gl L43155()*1 4$A! "T105)! $43,TX0S! 240! <#AL,5,30 LUASTY 448! 1)5A67:$0$)4$!
J(5 2S00 2401 48! -, 30 188! H*, 8 F8, 1 VI 19%1+$! <$0#A5y b1™$! C5 = $* ¢! D-JE!
Y&106! F14! F&#521 SIC! JY&1Q6F14! —,30- 188y AP D-JN = (64$ 9
S $R1)5A6L(TEA6()*! 48! **108)! (4! LESISTI()*! 4$8! YA1Q6¢™$)! +$6 1 $)4SKE! 43!
L&*$?2)45581 = (84$)! 240$75! 485! 9%6#7A, U, ). 7 ,49$¢A6$).G1)*. 1§50 1(3! S01045045A69!
%) 8347 1) 91 02$408G30E1 " 12$# = (84$1Q!A!CyCV! LT5150L045045A61 58+ ) 3¢ ™ 1)013$50*$5$090E!
gl LE*$2)4558! - $a48)! 1750 <$441)! 2401 ZV! ! /,)3#4$)98)($e+1TT! JZV E ./HY
A14*$50$TIOE!

|
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H; EIL&*$7?)#558! ! rrrozt

IV.! ERGEBNISSE

H)1A$81+, &T46*$) 4$) | JE2$H0! = (84914381 LE)3T(5514$5! I)K506$04" (25! - /$1124)11(3!
ASILEES* 218" SHIBLTL2, ™, 804" 179815, = #81" , &0¢" 178818$ (&, ) $! 0385 (ABUE!

1.! Einfluss von S-Ketamin auf die intrinsische Erregbarkeit

von TK-Schaltneuronen

D)0SE! 4521 L#)T(E5! +,)! Z$0124)1 4500 $£)$! *$505*$0$! J " 0s+4KD! 421 LLY! 9(!
23, 21AG0$)E! " 435! #501 $£)! = $HBAS5! ITI$E)5I$TI()*5284" 2171 +,)! /301 28)q! 41! $5!
OUSE 171$)! 1)4$8$)! J)K506$0 11 9! $E)SK +$424)A$R0)! ™, 40 175)! I " i+4OKD!
", 2200 495850 F6K) , 2$)! "\))0$! 1(5! $£)$t! $6\60$)! 06171245A6$)! )$(&, ) 17$)!
" 0+OKD! 8$5(T088) ! = $5 = $%$)! 9OKABSN! 4481 96" O)*! +,)! —./$112¢)1 1(3! 449!
DUF)SIEA6S!  LUS*21E" S0l 1/.-ABLI0)$(E, ) £)! O ()ISE5AGISATIAGS)!
/,)9%5)0610¢, )56$46$) ! 9(! 0! +$85A6:$4$)$)! <$559$40Q() *0$)! 240647351 458! FLOA6.
=7120Q! 1$A6)4"1£)! 434! %66, 75.=$77. 7 , )3+ (&10¢, )! ()ISE5(ABD! = (84K J " 0t+$! O 4!
QI556+8!1  <$2241)$*$)5A61308)!  7$0$)!  5HA6!  1)61)41 A% -(,2.
~Q1)) O*52$9¢$6 () *$)! SE2H0$T)E! I75! FLE12$0$8! 4$8! #)064)545A6$)! LEs$*214" $#0!
- (8491 415! G (6$2$2261)0Q, 0$) 041701 488! <$2241) = #4$4501) 41 £)1 J26K) % * $101 4%
~08, 2¢)08"0¢, ) 48! —AG = $TI$) - $a0y! 2$H 4$2! 415! $8508! I "0, )5Q, 1)L JTIFN
1(5*$T\G0! = 44g! 5, =45 4481 TESn($)9! 4%8! 686+, 6*$8(38)$)! J*0¢,)50Q,0$) 04178
6$61)*$9, *$)E!

D)0SE! " $£) $14$8*$0$50808) 1/, )9B) 06104, )$)!™ , ) )0$I$H) SIS6E\60$!LAAS 214" $#011 /)
~ABLTD)$(8,)$! )IAG*$ - 4858)! = $EAS)E "8 LE*$?)4558! 5¢)4! 308 445! $£)9$7)$)!
7/ ,)9%)0810¢, )550(3%) 14)!1 I 22EINN. NOI418*$508TT0E 461" " 108) | = $84$) 11751 <<$441) 1 240!
4$21" 8850, )A4$6$)4$)1ZV 1 1/, ) 34$) 9) 086+ 17TT11) *$*$2$)E!

|

|

|
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Abbildung 10: Reprasentative Spannungskurven zur Berechnung der aktiven
und passiven Membraneigenschaften

J1-01)) O*5Q8,0, * , 71281 IQQT" 104, ) 1+, )1.ZCIQISICIQI! () 4INWCIQIS! [ 1 GSQEK5S) 0104+
~Q1))()*51)0z , 4011/, )08, TSN 1981 ZC1QI! [$6$A6) () *1 485! <$2241) = #4$4501) 455! 2$41C!
QJ!]"$6)$! —0&, 21007 10¢, )N [$4$A6) ()*! 435! G<<Fs! 2% NWC! QI! [$4$A6) ()*! 4%4! JF.!
TE$n($)9E!="1G$Q8K5$)010¢+$1-Q1) ) O *51)0 = , &0l )I$IVIa<!-./$012¢) 1) 1A6IBCI 24)!
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Abbildung 11: Membranbiophysiologische Eigenschaften TK-Schaltneurone
unter 5 pM S-Ketamin.

S-Ketamin zeigte zu keinem der drei Messzeitpunkte einen signifikanten Einfluss
auf die aktiven oder passiven Membraneigenschaften TK-Schaltneurone. Wilcoxon-
Vorzeichen-Rang-Test fiir jede Messreihe, * = p < 0,05. Werte in Abbildung:
Median mit 95%-KI; jeweils n= 10 fiir alle Messwerte
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Abbildung 12: Membranbiophysiologische Eigenschaften TK-Schaltneurone
unter 10 pM S-Ketamin

Auch unter einer Erhohung der Ketamin-Konzentration konnte kein signifikanter
Effekt auf die Erregbarkeit TK-Schaltneurone gezeigt werden. Wilcoxon-
Vorzeichen-Rang-Test fiir jede Messreihe, * = p < 0,05. Werte in Abbildung:
Median mit 95%-KI; jeweils n= 10 fiir alle Messwerte
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Abbildung 13: Membranbiophysiologische Eigenschaften TK-Schaltneurone unter
30 uM S-Ketamin!
Lediglich die Frequenz der evozierten Aktionspotentiale unter 30 UM war nach 40
min signifikant erhoht. Wilcoxon-Vorzeichen-Rang-Test fiir jede Messreihe, * = p <
0,05. Werte in Abbildung: Median mit 95%-KI; jeweils n= 10 fiir alle Messwerte
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2.! Wirkung von S-Ketamin auf HCN-Kaniile
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2.1.! Wirkung von S-Ketamin auf den HCN-Kanal vermittelten Voltage
Sag
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Abbildung 14: Die Wirkung von S-Ketamin auf den durch HCN-Kanile
vermittelten Voltage Sag

Wilcoxon-Vorzeichen-Rang-Test fiir jede Messreihe, * = p < 0,05. Werte in
Abbildung: Median mit 95%-KI; jeweils n= 10 fiir alle Messwerte
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2.2.! Die Wirkung von S-Ketamin auf den Rebound Burst Delay
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Abbildung 15: Die Wirkung von S-Ketamin auf den Rebound Burst Delay
Wilcoxon-Vorzeichen-Rang-Test fiir jede Messreihe, * = p < 0,05. Werte in
Abbildung: Median mit 95%-KI; jeweils n= 10 fiir alle Messwerte
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2.3.! Wirkung auf den HCN-Kanal vermittelten Kationenkanal Iy
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Abbildung 16: Die Wirkung von S-Ketamin auf den HCN-Kanal
vermittelten Kationenstrom Iy

Wilcoxon-Vorzeichen-Rang-Test fiir jede Messreihe, * = p < 0,05. Werte in
Abbildung: Median mit 95%-KI; jeweils n= 10 fiir alle Messwerte
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24.! Die Wirkung von S-Ketamin auf die Aktivierungskinetik p(V) und
die halbmaximale Aktivierung (V12)
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Abbildung 17: Die Wirkung von S-Ketamin auf das Potential der halbmaximalen
Aktivierung (Vi)
Wilcoxon-Vorzeichen-Rang-Test fiir jede Messreihe, * = p < 0,05. Werte in

Abbildung: Median mit 95%-KI; jeweils n= 10 fiir alle Messwerte!
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3.! Wirkung auf die intrinsische Erregbarkeit Kkortikaler

Neurone
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Abbildung 18: Membranphysiologische Eigenschaften kortikaler Neurone
der Lamina IV
Wilcoxon-Vorzeichen-Rang-Test fiir jede Messreihe, * = p < 0,05. Werte in
Abbildung: Median mit 95%-KI; jeweils n= 10 fiir alle Messwerte!
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4.! Die Wirkung von S-Ketamin auf GABAAa-Rezeptor

vermittelte Strome
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Abbildung 19: Reprisentantive Originalspur eines Experiments unter 10 pM

S-Ketamin
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Abbildung 20: Die Wirkung von S-Ketamin auf sIPSC
Wilcoxon-Vorzeichen-Rang-Test fiir jede Messreihe, * = p < 0,05. Werte in

Abbildung: Median mit 95%-KI; jeweils n= 8 fiir alle Messwerte
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" OHOKOSBISE<SE ) ¥ *, )5 (+ $9)! ™, 804" 17351 FBK) , 28)19(158%) 1 TF (&4, )! $01 175!
BCNVAEL -, 2401 = (84$)!15, = , 67144314)06#) 515A68! LAS* 216" $101 ™ , 40" 17861 8$ (&, )$1 48!
b12£)1! H3gl 5,248 50,)01)$! YI[Js.G$I$Q, 4! +$2HNST0S! £)64240, 845A69)!
Q,505P) 1QU5A6%! ~06\2$! 1)! ™, 06" 17$)! 88(&,)$)! (U5 (ABIE! JTI$4#)*5! 943!
1(A6! 68 —./$1126)1  "$H$! SHF)T1NS)!  LARSTOSE  CES T, e0T 178
J " 0HOK0S50$8+ 58 () *1 O 058!/ $0124) 1S 01416841 )4AG0;! - 5! (85Q80) *THAG!+$42 (050y!
$H)$AI", 604" 17$)!""#5¢) 64240¢ , )IO (RO ASE! 5 #8T2$68I5(*Sa$ES) | 443! LE*$7?) 45531 4%d!
+,8H5*$)4$)! ~0(415! $6)$)! 4(8A6! 481 <, 4(T10%,)! SUGHL0, &45A638! G$ISQD, E$)!
+$E2HISTS) | <$ABL)#52 (5E

L5! 4501 () = 1685A6%¢)TA60! 4155! $£)! $£)9$T)$E! 9$TI(TKESA! <$A61)#52 (5! 308! 4$)!
[$ - (550564)5+$87(500 +$41)0 = , &07#AB! 450! H)! "T6)#5A6! 4$7$+1)08)! 7, )9$) 0610, )$)!
2,4(TH$88)! JIKE06%0:" 11 4451 )$(8,)1T$! LEs$ 218" $40! 5, 243! 4i$! 5P)1QU5AGS!
Z2$601* O 1" 181 (51635 (TSRS S! 5 $a2H)A$R() *14$81 T " BH+HKOE) ! ™ , 604" 17$)! O 4!
5(?" 406" 17$)18$09 = $2"$)g1 44$1$558) S 71130814151 [$ = (55058)!54) 41 TaL) " 5¢!BCCWAE!
s $A5A61$4$)$1 /7, 22) 108, ) $)1 1(516$4 (94081 ) $ (&, ) 175! LUSHL0: , )l S6\G0$6! /.
b$HIKEE* S0 O41 H)6LAE,)! +,)1 =18 Z1)KI$)! "\))I$)! 443! 4$(0TA6!

() I$I5A6ESATIAGS) ILE*$)5AB1308) 1 4SAI$£) 9$T) $) 1T YK506%$0: " 1134 " TKES)E!
!
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1.! Klinische Relevanz der Ketaminkonzentration

7$0128)!1 £)A(9180 $DH$)! d(501)4! 4$E! 455, 98104+$)! I)K5068545! £)! 1484$)!
J<<A=1806P! $0! 17NZXVs! =6$) ! $0! LTEI NZXXM ()4 <$)5A6$)11" , 2¢) , 1 $01 L7Eg NZXVAE!
LE)$! 21021781 F115217 ,)9$)010¢, )1 +, ) V.NC! p<<!£)! <$)5A6$)! (V4! BC! a<<!#)!
GL00$)! 1=,6$)! $0! 17! NZSOM #4501 ), 0= $)4b*gl (2! 4$)! ol (501)4! 488! 4455, 9104+8)!
J)K5068545! 9! $LESA6S)! DHTS! $01 LT NZSBs! HA+1T! SO 17l NZSZE! il
A(BABSAB)HNTEABS! ™ , )501)0$! FT1521" , )98)0810¢, )19 (2! LAs$HA6S)! $)$8! I )K506854S!
= (84$! 2401 Zg0! p<<! 1) *$%$28) ! THA+1771 $0! 175! NZSZs! A1) , 5! $0! LTEg! BCNWIE! H)! $#) $8!
~0(4#$1+,)1=,6$) IS0 ITEIINZSOM = (44$14481/ ,)9$)0810¢, ) 1+,) 1 /$0124) 2012, T40$)!
§21Y$68)1) 1A61 JQQTE" 10, ) 1£)1 4481 —A6 = 1)9+8)$1 *$2$558)E!H) ) $66172!+, ) INI 28) !
YIAG! JQQTET10¢,)! = (64$)! 2$$H5! 21Us217$! FT1521" ,)9$)0810¢,)$)! $as$HAGN!
1=,6$)! $01 175! NZSOME! ""#$! ~0(4#$! 2$T$*0! 44$! 5A6)$TIS! F1551%$! 4%kl [7(0.>#).
—AGEL) " $! 2400 T)ASHAGS()*1£)! ™, 804" 17$)! ~08("0(ES)y! = $56177! 4iS! 1)*$*$7$)$)!
F715211 /,)98)0610¢,)$)! 6\AG50! = 165A6$E)THA6! 4%8! /7, )98)06L0,)! #21 Y$68)!
$)05QESA6$)E! [$4 /) 4$4) 1306808 4481 JQQTE* 10¢, )1+, )1BI 2% "*1 /Y- /$0124)19(!
$5)$A! /7, )98)06L0¢, )1+, ) NWXC! it WWO! )* 271 19%6$2$8! p! % (735! BCCRA! [$# $)$a!
< 7215581+, )!BOS!* b1$)5Q84A60!$)$IVIa<! / ,)9$)0810¢, YINENWVI ) * 2761 * 491421
G1629$)144$585!F%, 2, 0¢, )5+, 4612$) 51484 = $)4$0$) 1/ , )9$) 0610, )$) 1+, ) VIH<(INC!
H<<! ()410C! u<<!74$*$)!5, 2401421 [$E$#AB! 4S8! "TH)#5A68)! G$1$+1)9g! = , 28 OC! p<!
241 —tAGSEESH! 121 ,2$48)! ', 552$4$HA6! "TE)E5AGSE! J) = $)A()*S)! THSHEE! "SI £)!
+,81(5*$*1)*$) 1 JA2$#0$) 19 (2! D $#71+$4 = $)4$05)014$ (T15ABI6\6$6$!/ , ) 9%) 0610¢, ) $)!
JOCI <! .NCCCI<M]T (!$0117Eg BONSM5H) 4128421 <$)5A6$) ! " T#) 561 ) FAGDISS 174504561
4! $)05063A68)! $1)$2! LEASSHABS)! , 438! Z 2$45A66$H0$)! 488! b "ve! +, )! AL WV! p<!
$)05Q4$A6$)410VI2* **1/\GQ$E*$ = #AGIE!

[ 54 F3544$)! 3066051 $£)$! *T)45A6! 10Q7:9:540%! [, 7(54,545! +, )1 BBI 2* **1 /§012%)!
5A6,)! )1A6! B! <#)(0$)! 9(! $9)$E! F71521",)9$)010¢,)! @2$4! OCCC! )* 271 24!
[$ - (5507, 54" $HE! T4$T! 4481 FT1521" ,)9$)010¢,)! 1(3! ,48% ()0$&! NCCC! )* 27!
$AT1)*0$)! 44$! F3$84$! 415! [$ = (5505%£)! 9(AGA" ! 1%10$621)! $0! LTEg! NZWSE! "1 )1
A85581 JRABH 86 $)AS0S! YISALEFSIS! /,)98)06L0E,)! +,)! VI a<! —./$0128)!
$)05Q84A60! NNWVI)* 271 )41 TH$*01 5, 2401 #21 ()0$8$)! 1)K506$045A68) ! [ SES#AGE! I (AG!
2$INCla<<! ()4!10Cla<<!61)4$70! $5!54A6! 41784 (214) 1 484! 5 $0$44)KE2$4491) ! @2T4AGS!
7.,)99)0610¢, )8yl 448! GHAG! 1(5! 4$A! "THHEA6S)! LE316EQ)*! $*$2$)E %6$i43)!
7901, DS O VI a<!  +$1:$)4%0)  c$i4$)! 9118 28557148
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F71521",)9$)0610¢, )$)! 9 - #5A68) 1 BOC! () 4IRCS)* 271 4$0$" 04680g! 4431 (54, AB! )#AG0!
9(2![$ = (55058£)5+$47(50130688) 1] 0L) " +$141$011TEgIBCCXE!

/126! B0 150 29$68%6$)!  YE@)4AS)! $E)%FIG0T )1 4SK /TI55$! 4%H
JT*$2$4) 1K506$04™ 1613 (312 , 7" (716381 L2$)$14501 4861 Y I [J 5. G$I$Q0, & ) #AG01 415!
QU 2KES! AT1308! /$0124)gl#21 Y $*$) 510019 (I +$7$) 1964”50, 338) g 44319 (8! LE) I$H () *!
Q4! J(GSABISEBLI00)*! 488! ITT*$28£) 1)K506$543! +$4 = $) 450! = $a4$)E! <1)! *$60!
HST2$68141+ )11 (5014155 /$0128) 14 (8A61 T)01* , Y5888 () *1*1(01121086*$41 8<""J.
G$9$QD, 4$)q! = 461 9F [EI 44$1H) 61710, )51)K506$04" 11 b 1A6*15! ()4IMS) , )15, = #$14(8A6!
$5)$! <, 4(710,)1+,)!1>=8./1)KI$)! - #4701 ul212 (41! $0! 17! NZZCs! =6$) ! $0! 175g!
BCCZs! d6, (! $0! 17Eg! BCNOs! < 100(5A6! $0! 175! BCNVAE! J (31)$ (&, AGS245A688! L2$) $! #50!
Z$012£) 1 $£) 98180871 = ST $51 4481 ™, 804™ 17$) ! JASIPTAG , 7£) 5QiS*$T! $46\60! () 4!53£)$!
%" ()*! +,)1),8146$)$4*$)! <) 17$)! 126K)*#*1 9(! 5$#)! 5AGSH)E! *"4$5! 50$60! #2!
Y$*$)51001 9(1 $£)$4! GH6S! +, )1 1)4$6$)! Y I [I$E*$)! I)K506$04" 11]/#" (A6#H $01 175!
NZZSs! /(564" 1011 $01 17 BONNAEL Z$012£)! 17 04+£3800 YHAG0! 4$)! +$)08, T108617$)!
QiK, QU5A6$)! Z$8)g! $£)$)! 5AGTL3INEA$R)4$)! /$8)! #2! >PQ, 061712 (54! 434! 4(8A6!
BK(3*1 +38 = $)4$08! J)K506804" 1! =481 F&,0,3,7 (4! H5,37(R1)! 1 0#+$80 - #ds!
501004$55$)! 17 04+£$40! $5! 4$)! - 1A66$105.3\64$6)4$)! b, A(5! A, $2(I$(5! To(! $0! 175!
BCCWAE!I** 1607$4!64) 1(5!5A6$£)01 /$01 24) 1421 Y $*$)510019 (! Q&L " 045A6! 177$) 1 1) 4$4$)!
J)K50680" 11 ()41 -$4108+1148) 1 L) $54$( 251001 485! 161712 (5! )#A601 9(1 +$4:24) 438!
1bo)*5q\! $01 17! BCCVAE J(A6! 2$#1 >()4$)! *,))I$! )1A6! - $h12A$A6()*! +,)!
5(?1)K506$05A68)! **,58)! +,)! BI 2% "*1 $)1 *$50$*$a086! [7(037(55! 2! 1) "$)!
3,)017$)! /7 ,808U1 ()4! 161712 (5! 385035087701 = $84$)E! 8$(&, Q6P5E, 7, 456! )42 2!
7301281 $HS!I - )ASSISTO*! $)g 410 $51 4$)! IS 1)1 6,A63$n($)0$!
,5OATT10, &45AB%A! J ™ 0i-+OK! §21 LT$08, $)9$Q617, *61 221 $46\60y! 1)50100! 543! = #$! 44!
2845081 JYK506$04™ 119(1+$884) *$8) 1]<1"5¢2 , = IS0 LTEIBCCXNEL/ $01 24) 15A684) 01175, !
4%)![$ = (55058 5+$47 (5010 P$4I5Q0$04345A68! <$A61)#52$) 16%4+ , 49 (A (3$)E!

|

2.! Die Wirkung von S-Ketamin auf die intrinsische

Erregbarkeit von TK-Schaltneuronen

J74$!$0 171 JBCCCNQ, 50 T4840$) 0 41551 I)K506$04™ 114$) ! [$ = (5505%¢) 5+$67(5014 (8A6!
$H)$! +$42¢)A$40$! 06171245A6%! J0+KN 63e+,8(3S)EN ""S! 1/.-AB1T0)$(E,)S!
\)$)! 9 +HBAGISAS)S!  JTHHIKIS2, 44 $))$628)E (86! $DS!
>PO$EQ, 7164510¢, ) = $64$) 15481 +, )1 $£)$210, )#5A68) ! I " 04+H0KI52 (508! £)! 4$)! 5, *E!
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LG50 <,4(5 @?2$830680! -086414$! $01 176! NZZB'g! 4$2! $£)$! = tAGE*S! G, TI$! #2!
—AGTL30P™T(5! 9(", 2208 ""$&! [ (850! <,4(5! #50! 4(8A6! T1)*512%! 46PI6245A6S!
J°04,)50,0$) (4173, 7$)! AGLEL"0SM5EGH0E 49585 J"0++A0KI52 (534! 632201 43)!
H)3,8210¢, )5061)53841 9( 21/, 40$U! ()4!#5015, 2401 2\*TEABSE! Yotd” 2$A61)#52 (5! 43!
JIK50680" 1! J>(*($) 164! p! <A=,i2¢A") BCCSE LS :$K)4$EO* 4$d!
)08)55A6$) ! <$27261)$#*$)5A6130! JOELE H, )$)T$H3KEH* " S0 4481 9 (8! $85A6 = $40$)!
J70£,)5Q, 1) HL7*$) S48 () *! 30660y! S0STIO $£)$! 4%) " 21851 Yok™ = $#5$! 418g! @2$K! 443!
J)K506804" 114481 $(E, ) 1T$! Laa$*216" $4016$22$)! "\))0$)E -, 1 "\) )$) ! I )K506$0¢" 1!
@238 $DSIF, 05) 9458 *1 485! 1 (5 = KE05! *$EAAGISIS) | /.1 ~0&, 25! , 4S8 $)$I G4 ("¢, )!
435! $) = Ka05. *$aA60$0$) ! 81".1 , 44! =18".1 —0g, 25! 9(&! <$27261)6PQ$EQ, T184510¢, )!
30688)q! = $TA6$5!£) 1 $)SAEH*0SA! LEAS*2 14" $101 4S8! ASTIS! S5 (T04$80! ]/ 8) g$+4A! pI E (41g!
NZZS"!

<! J(5)1628! 4% JF.TE$n($)9y 448! 088! OC! p<<! —./$012%)! )1A6! OC! 2¢)!
S Y4347 )0 +$424) 4$60! = 189 9SH<0S! —. /01281 " $)SI5H* 438" 1)0$)! L33$" 08! 1(31 449!
1708+8)! 4! Q1556+8)! <$27261)$1*$)5A61303)! 1/.-ABLI0)$(E,)S$E! -$7250! 6,68
7.)99)0810,)$)! +,)! - /$012£)! 306808)! 9! "$)$E! ; $K)A$L()*E! d - #5A68)! 45)!
£)019$4216$) ! J)K50630 " 11 5AGSH)0! $515(2501) 9508043454681 D)($5A64$4$! 9(1 *$2$)E!
—,1 306800 415! H)g$"0¢,)51)K50680" (2! FE,Q,3,7 £)! 1/.-A6110)$(E,)$)! 435!
+$)08,21517)1 15 [*.7$6) ™, 2078U$5! 9! $£)$4! >PQ$LQ, T14#510¢, )! 485! G=<<F5! ()4!
$E)$A! 5EF)H3E" 1)0$)! GSA( 08, )! 485! <$2781) = #4$4501) 485! 435 (T04$8$) 4! #)! $#) Sl
+$E24) 4$80$) | LEAS*218" $100 1./ . —ABLI)S(E, ) $TUE) *I$011TEgI BCOX ! *$41+$4.24) 480!
<$27241) = #4$E501) 415A68) 1)1 44$5$81 J&2$0 Y I [J.5.G$OBQU, &l +$4240$701 9 (! 58£)E!
— 72501 46$#1 -0()4$5) 1) 1A61£) IR1Q$0, ) S1TSRIK) 0B ™04, )1+, ) I8, Q, 3, Tol +$6*T4A6$) | 24401
43817 )08, T8 (QQ%)! = 1814881 <$2241) = #4$E501) A1) , ABI5E< 434" 1)01+$62¢) 48601 () 4!
415! IF.-A6 = $T1$)Q, 0$) 0417 £)! GEABD() ™! **$Q., 71445108, )1 +$45A6 , 2$)! Tuik)*! $01 175!
BCCXAE!

H)! >#)2A"1 103! = $H$6$! J)KG0680" 1! /71558)! 984+$)! 5#AG! 1(AG! Bi$a! 4$(ITHAGS!
D)I$E5AGESAS! 9(! —. /0L 24)E! TR 415! +, 710481 J)YKS06$0™ (2! H5,31(6L)! *,))I$)!
5E)3ET1)08! 5 $K)ASR()*$)! 438! 1708+8)! )4 QI554+$)! <$2241)$#+$)5A61308)!
*$OS0 T $44S)E LE)S! E$4(0A0S! JF.TESN($) $5)$ 1 $2D)ARO* 485!
<$2281) - #4$E501) 4501 $4)$! £ SE5AGESP()*1 4381 J "0¢, )50, 05) 0417546 = $TT$14) 1 50KE " $4!
4$0, 71845458081 [ SESEA6S)!5, = #31 $)$! 4, 565176K) *#*$! >PQSKQ, 1184510¢, )! 4$5! G<F5!
20)4%$05)! TSI0TEAB! )] $H)$! +$626)4AS0S! #)NK)SHEA6S! LAGSFRLLTSH +,)! 1/.
~ABLID)$ (&, )$) !G5! PIF (HTYINZZZ11 ) AINZZZ2E1 I (AGILA™T$! () 41/ , T1$*$) [BCNBM
OU$E5(ABIS)! 4481 I(5-#"O*$)! K5,37(61)5! 1(3 1/.-A6110)$(E,)%)! 5169)!
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1778648551 "$6)$!  5PMHTLS)! 3 $K)ARO*S)! 4$5! G<F5l (4! 4$5!
<$2241) = #4$4501) 4$5E! I 75! 2\*THAGS! L&" TK&() *1 4435381 44+86*4$34$) 4$) | LE*$?) 4558
- #4113 DS 24,7,*5A68! 3 184124TAKI 9= 45A6$)! 4$)! 3 $A5(AGSIEBES)!
+$45A61848)8! D280yl LOKGLOD*5.! (4l >1N()*57840)*()*$)! 5, =49l
O ISEEAGISATIABS! ; $65(AB52$4%)* () *$)! +84 2 4$58) 1 LA™ 78! $0! 17g! BCNB/E! J (A6! 415!
L4$T*15IM$) , )136680$14)130) "0, )$TI$)! [14*$2 () *550(44$)19(1$£) $1GS4 (0%, )14$5!
06171245A6$)! <$01?,752(5! JG$U! $0 17 BCCXM! JTI$R4E)*5! = (84$! *$)!
G* )38 1) 0841 L33$ 701 1(31 415! G<<Fgl 443! IF. TeSn($)9! , 4$4! 415! A6 = $T7$)Q, 1) 17!
+,)1 IF513850*$50$770g! $5! * 1215, *1819(! $£) $4! ol () 16 28! 4$5! <$2241) = #4$4501) 45!
]<<100(5A6! $0! 175! BONVAE! >=8./1)KI$! +$624087)! *a\0I$)ISET5! 4451 )$(E,)1T$!
DS$H3KEH* " S0 %4 BPQSEQ , TLA5E$60$)! <$27281)Q,08)017$)! T[EST! $01 17! BCCZAE!
=, ,611>=8./1)KI$! 175! 1(A6! d = $£.F ,8$)."" , 2K)$. /Y. -\ 2$! 2$$£)31(55$) ! 44$!
L&s$*216" $01+, )1 1./.-AB1I0)$(E, )$) 14 (8AB! 0124785884 *14$5! <$27241)Q, 1$) 415!
1<, .521)*1 $01 17! NZZZs! /42! $01 176! BCCVs! Y, 74508%)! p! [,A"$)61 (g BCCN'E!
THO6$6$!-0(448)16128) 1*$00g1 41551+, T147$1.TYK50630 " 11 1 I -/ ./ 1)KISIL " 04+84$) !
J0(448!0 S0 17! BCCWs! FL087 $0 17! NZZZ'®l ""#$5! 306800 9(! $H)$H!
<$27241)6PQSEQ, 7145108, )t A4S! 240! $H)SK 4SA(94$A0S)! LAS*P18" S0 £)! 4$)!
061712, ", 406" 178)! 8$(&,)$)! +$62()48$)! 50 JFLI$T p! >, ), &%y BCCNs! Te1)"5! p!
>.), 48y BCCRAE! " 114481 4 (178! <, 4(710¢, )15, = , 6714$4! >=8.1 1751 1 (A6!4$8 1 J-7.
ZD)1T4$E2H0818)! —00\2$! 438! $3HOIS)0S50$! %% 98l < ,4(710,)! 435!
<$2241)Q, 0$)04175! #50! ]<<$(06! $0! 176! BCCX'Y! *1))! 415! T$67$)! $£)$5! M$), ).
£)4(94$40$) 113357051 1 (314481 1 J-/ ./ 1)KI$I44$1 L&*$7) 455514 " TKa$)(14155! = $4$41415!
G<<Fyl) ,ABI44$1-AB = $TT$! , ASRIAHSI TESN($)914$41.3 "0, )5Q , 05) 0417514 (RAB1ESTS+1) 08!
M$),).7,)98)06L08,)$)! +$6K)ASA0 - (B4$E <! [TA™! 1(3! 4$)! 1)K506%0"1.!
+$R240$T08)! [5 = (5505$£)5+847(501 " 1)) 44351 175! = $HSESE! >F) = $#51 308! 1(5*$QEK*09!
5(?501)95Q$9¢3¢5A68! D)ISE5AG:$4S! +66501)48)! = $64$)! 1G(4,706! p! I)0*, -1yl
BCCRA!

<1 J(5)162$!+,)! -./$0124)16127$) ! 44$! 2$5A664$2$)$) | I )K50650:™ 11454 , AG! $£)$!
Li*$)5A61301*$2$#)512 15631634 (9484$) 14431 T " 04-+H0KOE2! 1 61712 (5E!" 491" "#+$4%$) 9!
4381 238$105) QRTHOISHS)! O4) £)! 48$5861 JE2$H! *$9$H*0$)! LE*$?)8558! 28 = $H50!
128421750 $8)$! -, )ASES0$TI()*! 485! /$0128)5! O0$8! 4$)! I)K506$04" 1e! L5! #50!
(O - 1665A6$£) 70601 41550 $£)! $£)9T)$A! OSTI(TKESE! <$ABL)H2(5! 308! 4$)!
[$ - (5505$)5+847(500 +$41)0= ,407A6! 450y = $561720 ()ISK! 1)4$8$)! 2,7$" (1Li$)!
ST T0(6$)! 1(AG! 488! #2! 1617112(5! 5016"! SUQE2i$KS)! >=8./1)KI$! 175!
#7508 ("0 (8! B! Ta1*$! ", 228)
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3.! Die Wirkung von S-Ketamin auf den HCN-Kanal
vermittelten Voltage Sag und Rebound Burst Delay

"9l 4(8A6! >PQSEQ, TLEAS10E, )! 17 04+43408)! >=8./1)KI$! 5¢) 4! 501)) () *5*$50$ ($60$!
H,)$) " LKIS|I 44813081 81".1 )41/ H,)$) | 4 (BAGTKE5#*158) 41 () 4154461 284 F , 0$) 04175 !
+,)1286611751.VC!I 2 5 1\33)$)TF108)INZZXSIG, 24)5, )| P! -4$*$721 (24! BCCOs! [£$7$0!
1761 BCCZAE! ""#$5$! Z1)KT$! 5¢) 41 41684 2$#1) ,42178)! G<<F5! 434! 2$#508)! 8$(2,)$)!
170+ ) 41061%8) 1 98! ~01 2474545 () *1 4$55$) | 2$4E! " 1802$8! 64) 1 (5! 6$* (T4$4$) ! >=8.
Z1KI$! 48)! <$2701) = #4$501) 45! K)A$2! 548! 5, 7,67 415! G=<F! 175! 1(A6! 43)!
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5.! Die Wirkung von Ketamin auf die intrinsische

Erregbarkeit kortikaler Neurone der Lamina IV
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6.! Die Wirkung von S-Ketamin auf spontane GABAa-

Rezeptor vermittelte postsynaptische Strome

2, 8L(E*$*1)*$)$! DYIKE(A6()*$)! 617%)! 418! %oi™ ()*! +,)! J)K506%0:" 1! 1(3!
8$(&,)$! #2! >H)50122¢! £)! 434 Y&, 068)6()43! (V4! #2! 161712 (5! #4$) 0434945401
T T$68188TTH1S011TEg BONBSIF (84, ) 1$01 1 TEg! BCCZAE!

8$78)1$)$4 <, 4 (7108, )1 4$81 O$TT(TKES)! LAAS 216" $H01 ™ , ) )0$1308! +#$75! I )K506$0¢" 1!
$5)$! <,4(710¢,)! 4% SP)IQM5A6$)!  1E1)52#55¢,)1 *$O$#*0 - $eA$)E 15!
H)G$" 0%, )51)K50630¢" (2! F&,0Q,3,71 5A68£)01 6L(QISKAGTHAG! 448! #)6#24), §45A68!
YI[J$E*$! 5P)L1QU5A68! 161)524554,)! 9(! +$E50KE™$)! JF$4(0,! $01 17 NZZNy!
-, 6E)*$*$)1 +, 710! J)K506$0¢" 11 (SKIOTHAG! 4#$! SUOHL0, B#5A68! *7(0121086*S!
S5PYLQUSAGS!  161)524554,)1  6$22$)! J<IAHH$A 0 LT NZZXE 15l
H)BL710¢, )51)K50680¢* (21M$) , ) I5AB$E) 01+, 661) *#*1 44$ISUQHL0, &45A63! 161)52455¢, )!
9(1+$424)438) 1]>158) $4SKISN1TEg BCCUIEIN) 14$81/ , )58 ($)9130688) 144813 YK506$04 " 1!
12881 17781 9(! $£)$8! 5 $A5A6E52()*! 435! YI$HAG*S - #AB05! 9 = #5A68)! LU9HL0E, )! 4!
H)GEPH0,)! £)1 GEAGO()*! 4$8! H)Y64240¢, )EL **11 /$012¢)! 4481 ™ 404" 173! )$(&, 178!
" 0+OK0IGS4 , ABIS0$4+$60gI5AB$E) 016581 $#) 1) A$6$8! <$AB1)#52 (5! (85KABTHAGIO(I5$#)E!
H)! 488 DHSKLOCE! = (84$! 245684 175! >1(QU2$A61)#52 (5! 308! /$012¢)! $#)! 8<""J.
J)01*, )52 (51Q, 50(74$80 T 1642 2871 $01 175g! BCNWSs! F$70, #6241 $01 17Eg! BONXAE! " "#$53!
$&" TKA0! 177$644)*5! AB0! 4881 #21 LLY! 9(! 23, 21A60$)4$! J " 0#+#0K0550$#*$4() *E! L5!
= (84$1Q, 50(T#$0014 155 /$0124) 11751 C33$) " 1) 1727, A" S8 <" J.G$I$Q0, 4$) 11 (3149) !
85(8,)$)! 1)01*, )i5e0a0y! 4451 121 1"04+508)! 5¢)4! JF(&4,)! $01 176 BONVAE! L#)!
<S$ABLY52 (5! 484! ""#58) 6810, )1 = (84$! 43561771 4457 (ISR = $471 H)0$E)$(E,)$! 9!
4%)! 1708+508)! 8$(8,)$)! 9K6T$)! ]CTI$P! p! TLE?$hg! NZZVs! ~$121)501 BCCWE! "4
$E6\60S! J "0HHOKD! = KES! 3, 7%74A6! 13! $£)$! 2$+,89(*0$! >$22()*! 4$% 8<"J.
G$I$QD, 88yl 4881 1(3! YJILJISE*$)! HISH$(E,)$)!  SUQ2IS - $48)y!



5 EI"T#57 (55¢,)! ! I'1SX!

9(40A"9(3066$)!1d1),5! p!'Y , (743! BCNWAE! 1 H) ! 4435381 J&2$40! = (849! 44$! >PQ, 16359!
L $508TI0) 41550 /$0128)1 @2$6 +$62£)4$80$! 5Q,)01)$! YI[J5.G$9$Q0, 8!
+$42400$70810, 505P) 1QU5A6S! 0N 230! ()45, 2401$#)$al*"#5¢) 6+240¢ , ) 14$51/ , 0$U 9 !
4455, 9108+8) ! J)K506$58$! 2401 )$(&, ) 1788 I " Bi+H0KI550$*$4 () *! 30680E! ""#$5! *,))09!
154, A6! 4(4AB! 4481 J(39$4A6) ()*! +,)! SHF-=5! )1A6! JQQT#" 10¢,)! +,)! NC! a<<! -.
Z30126)1 YHAG0! 2$50K0E%0! = $44S)E! —. /$0126)! 9$#+0$! "$)$) ! 58%) 83" 1)08) ! L#)37 (55!
1(31 4481 J2QM0(4$g TESN($) 90! ™" $1" BH+SR() *59840" , )S0L)0$! , 438! TIKAGS! ()0$8! 438!
Z(GSE -, 240 = (84$! $H)! Y6 2$A61)52 (5! +,)! -./$0128)! @288 YI[J..
G$9I$Q0, 6$) 1) HAGDI 2$50K 0!

"SI 2$150$) 1 1) 4$48) | I YK506$0: " 11 $6\6$) 1 44$1 T " (4+4KD 4$616$2 28)4$) 1 Y I [ I 5.!
G$9$Q,48)gl 4481 $)05QiSA6$)4! A$H b, "ITHKD #6888 LUQESSSE,)! #)!I 9= i
>1(QU*6(QQ$)! ()ISEOSHD 5)4! Q,505P)1QU5A6! ()4! $UKKLSP)1QU5A6! JT141)0! p!
8(55%4! BCCVs! [&A"1$P! p! <, 4Pyl BCNB'E! F,505P) 1Q05A6$! Y.J [J3.G$9$Q0, é$)!
- $449)! 4(4A6! 6,631 7, )9$)0610¢, )$)! 485! (&, 061)5240085! Y- I [ I! 1" 0i-+880g! 44!
+,)! QEKSP)1QU5A6$)! 1$42£)17$)! U$H+S5H000 = $64$)E LESE LI6\6()*! 4%
<$2241)Q$L2$12470K0! 308! =67, 644! ()4! [£7182,)10£,)$)! 4(A6! 448! [HA)*!+,)!
YI[Jg 306800 9 $£)$2! 8$M,.L#) tK&53I(E! +,)! IS 04! $H)%
6PQ$LQ, T16456588)4%)!  Q,505P)1QH5A68)!  G$L™04,)'I  4$2!  #)642H), 85A68)!
Q,5PI5P) 1QU5A6$) IF, 0$) 041711 T1681) 01! 8 (55%89!BCCV/E!* #8581 G$9$QD, 63) 1$495 (*$)!
081)54$) 03! 6$228)4$! Q, 515P) 1QUSAGS! 08NSy 445! 4181 5AB)STIS! /7, 22 ()4 108, )!
9= #5A6$)! 8$(&,)$)! 4$*$7)! )41 175! Q615(5A6%! >$22 () *! 2$9$#A6) $0! - $44$)E! H2!
Y$*$)5100! 419(! - $44$)! SUKGISP)1QU5A6%! Y I [J.G$I$Q0,E8)! 4(BA6! )SAes*s!
D2*$2()*5",)9$)010¢,)$)! +,)! YI[J! 1708+£$80! ()4 $89$(*$)! $£)$)! 0, )#5A6$)!
6$228)48)1-0¢, 201 4S8 441 $(8, ) 1T$! LAS*214" $40y1 4481 8$09 - $&"5P)ABE, KN () 4!
41517 *)He+g! 1 $661708)! 68 (74401 ]TL81)0! p! 8 (584! BCCVs! [&#A™1$P! p! <, 4Py!
BCNBAEIH2!d (5122$) 61)*1 24014881 Y J [J3.G$ISQD, &l+$L2400$T0$) 1H) 64240, )15Q4$70!
1(A6! 443! D)1$6$#) 6540$)9(512 2$)5509() *! $)$! $)05A6$44$) 48! G, TI$! T-Q$E*$7! $UE!
176! BONSE! Y. J [J5.G$9$Q0, 6$)g! 448! $£)$!yB. D) ISES) 6$4014)! £ $628)4()*! 240! . !
0B.!, 4$8100.1D)0$E$E) 6SHIS) 16 110$) 15¢) 414451+ , §6$845A68) 4$) 1 GSISQU, &! - (?PI0S) !
- $TAGSI 448106 1545A6$!H) 64240t , ) 1+$4240087) | T T1841)0! p! 8 (55%4g! BCCV/EIG$I$QD, 6$)!
480 {R.gl V.1 L4880 {X.D)ISSE)6$408)! $H06110$)! 544l @2%kzi$*$)4l A%
1(55A674$07#AB! SURI5P) LQUSAB! 7, " 174568801 ()4! +$4240087)! 44$1 0, Y45A6$! H) 642404, )E!
1284 \))$)! SURISP)1QU5A63! YT [J5.GSASQ0,6$)! *&,?! )1A6! 5 ,861)4$)5%¢)!
L ASUITS67$) 14%41~ . 1D)0$4$¢) 6$101$) *SISHT0! = $64$)1] <, 40$)5$) ! - 2 L80yBCCXAE" 49!
d(51228$)58090)*! 484! D)I$E$E) 6$10$)! 235042 201 Y#AG0! ) (&) 448! L*$)5A61308)! 434!



5 EI"T#57 (55¢,)! ! 1SS!

G$9$QD, 48)! 5,)486)! 1(A6! #6683 SUSTO*! 1(3! 4$K dS$TT, 2$43TKAGS! ()4! #643!
4P)1245A6$1G$* (710¢, )b (5A6%4! P!/ $T7$4g!BCCRs! -#$*6 140! P! - Q%4 " ! BCCBs!>$-+$45!
p!b (44$)5)INZZW!

L7$08,Q6P5¢, 7, *45A6$! ~0(4$)! 612$)! *$9$¢<0y! 415! 6,681 /,)9$)0R10¢,)$)! +,)!
7301261 £)68240, 445A6$! Y I[J.G$I$Q0, 8! 176K)*#*$! Q,505P) 1QU5A6S! ~0E\2$! #)!
8$(4,)$)! +,)! , 73170, &5A68)! ", 404" 178)! —AB)HIS)! +,)! <$$45A6 = $£)A6$)! JOCC!
U<<s!-AG , THSTAQINZWCN () 41+, )1>40Q , AL2Q(55A6)HI$) 1+, ) IGL0$) VCCIU<<s! Y 1%§!
P! G, 2$405, )yl NZWVA +$850K8™ $)E! " 18@2%8! 68)1(5! 4$(0$)! >H8) 2414*$2 () *550(44$)!
121 <$)5A6$)! 4181 (3! 64)g 415! - /$0126) 1 4431 T() "0, )1 488 Y I [ I 5.G$9$Q0, 6$)!
421 Q8K3%, )01T$)! /,803U! $E6\60! 1>$£)9$7 $0! 176! BCCWAE! *"4$! G$T$+1)9! 44$584!
0ota" ()*1 2784201 = $HSE6Y)! (25064008)g! 411 4481/, )9S)0EL0E, ) 98l <<, 44347 10¢, )1 4%l
G$9$Q0, 6$)! 4481 *T¥)45A6$)! 1)*$ = $)4%0$)! /7, )9$)0E10¢, )$) ! 284 = $H$21 DP$E5IBE0E!
H21Y$*$)51001419(131)4$)! 11)*! p!-A6E, $4$4 INZSOMN () 4! [&,A" 2$P$e! P! /$) 44!
INZZVM 6861 (51 4155! /$012£) 19! " $£)$ I?5A6 = KAGO)*1'Y I [J.$6*$415P) 1QU5A6%4!
141)52455¢,)! 30640$E ;#872$680 z#4l /$012¢)! 1751 $5)1 [$EQIST 308! $£)!
J)K50680" (21*$61) 43701 415158)$) 19686 " 2$A61)#52 (5lESTL04+15Q0$04345A610234148) !
*1(1121086%$)! 8<"J.! G$I$Q0, & $)0317080! , 2,67 448! %™ ()*! 1(3! 1)4$3!
H,)$) " 1)KI$! )#A60! 1(5*$5A67,558)! = $44$)! "1))! [k, A" 28P$i! p! /$) 4%yl NZZVH!
c?l /301281 £ TTEEA6L ESISHIYIS)! /)98, )$)! 4i$!  6$228)48!
854, 11)52455¢,)! $L6\6Y! 445! 4(8A6! +$E5A64548)$! —(20PQS)! +,)! YI[Js.
G$ISQD, §$) 1+542400870! - 444! 2754201 (250600 E!

H)!A$R! +, 4745%$) 4$)! JE2$H0! = (64$! 488 L33$701+, )1 —. /$0124)! 1(3! 443! QB1545A69!
>$22()*1 (IS5 (A6 = , 6£)*$*$)!1%61)*I$01 17E [BCNSM 4819%68." ()*1+, )1 /$0128)!
1(3 448! QB1585A68! ()4! 0,)#5A68! >$22()*! £)! 6:QQ,A12Q178)! 04! ™, 40" 17$)!
83(¢,)$)! OUSI5(ABIS)E —#5! 2$,21A60$08)! $£)$! —0$<$a()*1 4%l J " BH+HK0!
$URI5P) 1Q05A688 Y I [J1.G$9$Q0,68)! #2! >#00,A120(5! (4! /,4$Ul 24!
26)4217%)! L33$"0$)! 1(3! 5P)1QU5A63! YI [J3.G$9$Q0, 6$)E H)! I)17, %481 9(! 4$)!
L&*$?)455%)! 44$585! F&, 2,04, )5+,8612$)5! = (84$! £)! 46888 J&2$H0! "$£)! L33$701 +,)!
/301281 1(31 4831 I2QT0(4$! Q4 TE$n($) 9!+, )! 24)410(8$!#) 64240, 4P Q , 505P) 1QUHA!
ACUES)05! |2HF-=5MN *$5$6$)E! H2! Y$*$)5100! 9(! 448588 J&2$H0! = (843! ()0%a! 4%4!
d(*128! +,)! 1$08,4,0,U)! THIMA *$2$558)q1 (2! 5Q,)01)$! 81%.176K)**$!
J704,)5Q, 1) 0417$! 9(1 27, A" #E$)E! -$72501 £)1 6,68)! **,58)! +,)! OCCl a<<! /$0128)!
121 $51 9! "$H$ <,4(1%,)! Q,505P)10Qu5A6%: Y I[JJ.G$9$QD,8)! B!
6:QQ,A12017$)!8$(&, )$)E/$1124) [ TNCI 245INECCC <M $46\6I$1 4481 T 2QTH0 (431 485!
0,)i5A6$)! 0,251 #)! 4,565176K)*H<$4  96$5S! 2% 1778)!  ()0$E5(AIS)!



5 EI"T#57 (55¢,)! ! I Ssw

7.,)98)0610¢, )$)E 8! (OISESAGESATIAGS)! LE*$?)4558! 58)4! 9(2! $£)$)! 1(3! 44!
4$(0TA6! B\6$ES)! 7 ,)9)0610¢,)$)! +,)! Z$112¢)! 9(4BA"9(306E$)y! 9(2! 1)4%43)!
31)48)! 481 <$550)*$)! #)!I J) 1$5$)6$H0! +,)! )SA*$)! $U,*$)$)! YI[J.
7.,)9)0810¢,)$)! JCo0! a<M SOL00E! | "UE$! L2Q3K)ATHAG TSI *$*$)@288! )i$Aei*)!
7.,)98)0104,)$)! +,)! YI[I! 48080 4181(3! 68)g! 4155 Z$0128)! 44$1 I " #+40K0!
6,A6133) $8I$U0RL5P) 1Q05A6$8! Y I [J.5.G$I$Q0, 6$) 1$46\60! - $TAGS!I$£)$)10, )45A68)!
£)68240, 445A6$)! - 08, 2! $89$(*$)! JTLEL)N p! (5584 BCCVs! [4#ATT$P! p! <, 4Py
BCNB/E! -, 15A6$#)$)! SUIGL5P) 1Q05A6$! Y. J [J5.G$I$Q0, &5)! $)$! *E\0$ES! I334) K0!
3081 YI[J! 9! 2$5098)! ()4! 5§)4! 421 ; $6*7$A6! 9(! Q,505P)1QU5A6$)! YI[J.
G$95Q0, 45)! $2Q3¢)ATHAGSE! *$*$)@2$8! /$012£)! 1%1)*! $0! 176g! BONS™E! *"4$! {R|~.
G$9$QD, 48) 1 50$775) 1 448! = HAGU50$) ! SULSP) 1QU5A6$)! Y. I [J5.G$9$Q0, 4$)14)1 48)!
2$508)! >#)i$*4,)$)! 418! £)52$5, )ASK$! 421 7 ,84%688)q =, 2% {X|~.YI[Is.
G$9$Q0, 6$)! 4481+, 46$685A6$) 4$) ! SUIGLEP) 1QU#5A6$) | GSISQD, 88) 421 /78#) 618) I 5¢) 4!
OA{VIIBLOA{N]~.CS$I$Q0, E$)! = tABE*$I<$4410,48) 145810, )E5A68) IH) 6 240% , ) 1) !
6:QQ,A12017$)! ()41)$, ™, 40" 178) | FPE1244$) 9$77$) 129 = EIN)0$8)$ (&, )$) 1 41850$77$) !
]CT5$)! p! -#$*6140) BCCWs! TLE1)0! p! 8(55%4! BCCVs! [4#A™T$P! p! <, 4Pyl BCNB!
Y7P* P5!1$01 176! BCCS™E! *"4$! () 0$45ABESATEABS! —$) 5ili+OKO *$*$) @2$61 /$0124) 1 " \) ) 08!
2H! 438 +$I5A61$4$)$)!  D)ISISH)6$H0$)9(5122$)58090)*!  $ETKED - $64$)E!
LUGR15P) 1Q05A6$! Y I [J5.G$9$QU, 4$) 1421 400, AL2Q(5! (V4! / , 4SUISI$TIS) !5, 240!
Q7L (542731 E$TS08( "0(ES) 19 Al 3 SA2H07 () *1 488 ) $ (&, 45QE$554+$) ! LE*$)5A61308) 1+, )!
Z$0124)1 41681 S8 $9 (0310, )#5A6! —08, 21 4$* (74$8014215018"$)! <10$1)$(E, ) 173!
L86$*214" $Hg! 5P LQUSABS! FTL5094KN ()41 /7, *)#k, ) T[E#AT1$P! p! <<, 4Pg! BCNB'E!
L105KABTEAG! = (44$! 4$E! [SHE1*! 4%l 0,)#5468)! >$22(0)* 9 *$51208)!
£)64240, 45A6$) | DSHKGH* " $#01175! 2#) 4$508) 51 4621714\ 0$4! 17514581 458 Q6 1545A6$)
>$22 () *I *$5A6K090!T [ 141 $01 175! BCCNAE! JYKG06$0¢™ 19! 4481 28+, 29 (*014$)10, )45A68)!
~0&, 2! $6\6$)q! +$0(851A6$)! IPQI5AGSH = $#5%! $#)$! 0453*4$135)4%! B$ (&, 4$Qa$55¢, )!
1T1681)00 p! 8(558g BCCVs! [&#A™1$P! p! <, 4Pyl BCNBYE! —,! 30680 436 $46\60$!
$UGL5P) 1QU5AB! +$624008708! Y I [J.-08, 2! 4(8A6! Z$0128)! = 1645A6%¢)7#A6! 9(!
)$(8, 43Q0$55¢+$) ! LE*$)5A61308)! = 31 Y $AKABN)5+847(50! () 4! -$4486() *1 1%61)*! $I!
176'BCNS/¥!

H)14$81 J82$400+, )i (1) !$OLLTETJBONXA ™ , ) )0$1308! /$012£) 1$4) 1) 64240, 845A6$41 L 335" 0!
1(315Q, )01)$! SUGHIL0, 445A6$! Q, 505P) LQUSAES! ~0N 28! ]5LF-=r1#) | FP4L244$) 9$77$)!
438 D128)11H; 1482, )5084%80! = $64$)E H)5*$51 200 = (44$)! £)! 4485881 J&2$H0! (54, A6!
A$(UTABI6\G$ES!/ , )9$) 06104, )$)!JOCHINCCCI<<r+, )1/ $012#) 1+$4 = $) 43015, 4155!
48! "THI5A6S! G$I$+1)9! 4S8! DYISIE(AB()*S)! HBL*THAG! H5IEL LIS 8$1$+1)03!



5 EI"T#57 (55¢,)! ! YA

[$,21A600)*! = (44$14)5,388)! *$2 1A605! 1751 415! 4431 Te$n ($)9! )4 J2QTH0(4$!+,)!
5LF-=51£)1$£)$21" , )9$) 0810, )5126K) *#*$)1G$4("0¢, )52 (509! +$48#) *$40! = (44$)E!
gl J(0,88)! +$62(08)g! 415! 418581 >$22()*! 4(8A6! $H)$! ;) *$O)*! 4$K!
—$)BHE+K0 4381 Q, 505P) 1QU5A6$) ! *7(01 21086+$) ! GSO$QU, &8) ! +$4240$T0! = , 64%) 150!
Ju(L)! $0 175! BCNX'E! HB6$! L&*$?7)455$! 148338)! $L)S(0! 4$)! >H) = $i5g! 4155! 44!
Q,505P)1QU5A6$)!  *7(01210%6*$)! G$ASQ0,E$)! 4%l 8$(E,)$! 2! Q2KiS)!
5,210,58)5,45A6$)! /,808U! $£)$! G,TI$! 304! 4$)! %" ()*52$A61)#52(5! +,)!
Z$0128) I5Q4$7$)E!

H)! Z2$4$£)50:2 2 () *1 2401 44$5$) 1 T) ) 16 2$) 1508601 443! J&2$401+, ) T (1$01 176 JBCNS !
M8 431 %I O* +,)! /$012#)!1 JOC.NCCC! p<<M 1(31 4§ *7(01210$4*3!
8$(&,081)52155¢, ) 1421 +$)817$)! Q, 5038, 2$4417$)! 8(*1$(5!] 5 F<M 485! 161712 (5!
+,)1G1008)! (0885 (ABIS)E! L) $1+$42¢) 48408 I 207#(4$!JOC.NCCCla<< 4$4! 5L F =5
4! +$624) 43408 TeSn($)9!£)! 6,6%)! /,)98)010¢,)$)! JOCC! p<<! ()4! NCCC! p<<!!
", ))0$!IL(AGIBESRI*SOB¥0! = SAAS)E!" "SI TASN ($) 914U 2 LF-=5! = (843! ()1$6!/$0128)!
4AG! +$8K) 438051 (54 , AB! +$62¢) 48408 /$012#) INCC.NCCC! a<<M 4#$1 I 2QTH0(4$! 438!
DLF-=5 ""#$! Te$n($)9! 43! 2LF-=5! - #4! 175! <lo! 308! 445! Q8K5P)1QU5AGS!
J0HIKD O4) 4481 J2QTH(4$! 175! <1o! 308! Q,505P) 1QU5A6S$! L33$" 03! 1)*$5868)!
101) 75! p! FSLEASY NZZZ/E! "6 +$624) 488081 *T(0121086*$! 8$(&,01)524554,)! #2!
s F<<I5AB$£)013, 7*74A6!61 (QUISKAGT#AB! 1 (3!1$£) $2!Q , 505P) LQU5A6$) | <$A61)#52 (519(!
2$4(6$)! JT( $01 176! BONSM! /$0124)! +$424)4$40$! 154, A6! 448! TE$n($)9! 4!
J2QT0(4$1 488 5LF-=51#)13? = $5$) 6501+, ) 1 IMEL 1 IM! = (84819 (8! ; $664) 436!
438! 5PYLQU5A6S)! /,22 ()4 10,)! 9:45A68)! F<.88(&,)$)! +$k= $)4S0E L5!
SAG$E)0! 175, ! 4155! 44$! *7(01210$8*$! 5PY1QU5A6$! 181)52455¢, ) 1)! 4$4! /$0128).
£)4(9$40$)! D)ISIAEA™ O*! 4$8! *7(01210$8*$)! B$(&, 061)52455¢, )! 2$#1 4$4! ; F<!
2908474501 4500 JT(! $01 17! BONS'E! *"#8! Q8K5P) 1QUI5A6S! TE$BSI00)*! +,)! Y7(01210!
2, 4(TH$80! 448! SUGHL0, 445631 8$(E,081)52455¢,)! 4(8A6! 8<""J.1 04! J<FJ.
G$9$Q0, 6$)! J<A[1£)! p! <1P$tg! NZZR'E! /$012£) ! +$48¢) *$408! (A6 H)! 188%$28) (5.
—£))$59$77$)! 4481 J2QM(4S! 438! $+, 93408)! LE-=511%1)*! $0! 175! BONN'g! = 15! £)!
Z2$6$E)5H22 ()*! 2401 43)! D)IS5(A6()*$)! +,)! T(! $0! 176! JBCNSM 50860¢! I75!
C33$) " 1) 1727, A"$! +,)! 8<<"*J.G$ISQL, 4$)! 4K2Q30! /$012%)! = 1685A6%¢)T4A6! 443!
*T(0122088*$! 8$(8,081)52455¢,)! 4(8A6! $£)$! H)BE2HE,)! 4$8! Q,505P)1QH5A6S)!
8<""J.G$95Q0,4$)! )! 1 F<.8$(&,)$)! IT(! $0! 175! BCNS'EI H2! 5 $4*7$4A6! 9(! 4$)!
7)K%, T1$)! 46, 105) 1 54A6! 44$! -0\ 2$! +, )1 5LF-=5! ()4 2LF-=5! )#A60! +, TT50K) 44*!
1(314$)1 3 (5*1)*5 = S0E" "85 " \) ) 08! 24014881 8$ (&, 0, UHOHKOIASEISH) *$5$090$) 16 , 6$)!
730125 " ,)9$) 0610, )$)19(512 28) 6K) *$) 1] -6+ (0111$01 1 TEg BCNVE!



5 EI"T#57 (55¢,)! ! I'1WC!

H)! A$A! +,876*$)4$)! JA2$H01 ™, ))0$! 453! Q, S0(T4SR0$! ""#54) 64 240% , )1 )4AG0! 2$50K0E*0!
- $849)g 411 448! SHE-=5 ()+$8K)4$A0! 27$2$)E! L5! = (84%)! 5A6,)! +SIKI0*S!
%" ()*$)! +,)! /$0124)1 1)1 *1(01121086*$)! GSASQ0, &$)! *$9%4*01 ] 1&22$7 $0! 178y!
BCNWs! F$T0, )#$2#1 $0! 175! BONX'E! H)5, 388) 4501 41+, )1 1(59(*$6$)q! 415! 443! $46\60$!
"LR0ETTISE JTORHOKO 21 LLY! 1(3! $£)$2! 1%, )505A68)! L3$™0! 4$8! 5A6)$77$)!
*7(01210$8*$)15P) 1Q05A6$) |z 2$8081* () *1 784 (6(F!

7.! Neue Indikationen und Anwendungsregeln fiir Ketamin

"1 LE*60)A0)*! 4%8! *$)1(8)! 2,78" (716$)! dSTSI(T0(8S)! (4! Y6ie™ O*5 = $458)!
+,)! Z$0128)! 508700 $£)! 6,A6170(STIS5! ()4 - #AGN*$5! 163211 4%8! 6$(0H*S)!
T,85A6()*! 4188 d(! 48)! 6K(3*50$)! 8$7%) =" ()*$)! $£)$E! /$112£)! 215:$408)!
J)K5068545! OK6T)! 415! Q,50,Q88104+$! ""$ME C?: 67 6456308 A4S *$)1(S)!
2,7$" (T163)! %" 2$A61)4528)! IHAGN +,TIH0K)44*1 *$77Ke0! 54)4!l ()4 $5! 54A6!
- 1685A6$¢)THAB! 1(AB! (2! $5)! 2 (1043170, 84877$5! Y $5A6$6$)! 61)4$T0y! 5,1 T4$0$)! 54A6!
Q614217 ,7, *45A6%! ~0610$*45)! 9(A! ; $4?$5554()*! 4%4! Q,50, QBR10E+$)! ™, *)Hi+$)!
"'P53() "0, )$)!$)0 2 FATST)Y - $))!14481%$) 1($)! Y6t ” 2$A61)452$) 1 484! I )K506$0¢" 11
2$"1))0! - KE$)E!

H) 17$090$8! d$H01610L/$0124) 190 $62$) 41 1)1 F, Q(T1640K0 1751 3) 044$Q8$554+ (215, = , 67!
)1 4%4 >(21).1 1751 1(AB! £)! 488! 14662$449%) ! $631688)E! ** 11 I)*5050\&()*$)! 2!
>04%)! L(BKTHS! r6)THA6T$HS)! 9(! 2$)5A6THAGS)!  -22 ()*550\()*$)!
1(32 $58)1] 5 $2$44$! $0! 1759/ BCCZs! ™" $A" $6521A6! $0! 1759/ BCCXs! G , *$45! $0! 175! BCCRAY!
"\))0$! Z$112¢)! 1(A6! $£)$! = $60+, TI$! JT0$8) 10+$! 9(&! [$61)47()*! 235042 20$!
- $461T0$)550N)*$)! 288 >()4$)! 5$HE >H)2414*$2()*550(448)! 612$)! @2%4!
KE)THABS!J) , 211$) 1421884, ) 17$) ! 9$4$26178) ! [7(037(55! 235042 2086 >#)8$*¢,)$)!
2% >()4$)! 2401 1)*50155, 94$408)! 5 $61708)550\6()*$)! ) 4! 2$#! <$)5A6$) 7! 4431 1)!
"'$06$55¢, )$) 1 ()41 *5050N6 () *$) 17$14$) 0! 2$84AG0$0!] 5 SE2$H$IS0! LTEg! BCCZSILES) 190!
1759/ BCCOS! LO" £)! p! %61*) $ag! BCCSs! THI9*$41741 $01 175 BCCWAE!** 160 2%8! 68) 1(5! = (848!
5, 7, 671281 <$)5A6$)! 175! 1(A6! 2$# > () 4$)! $£)$! +$8K) 434081 ** (BA627(0() *! 44$53!
>H)i$*4,)$)! )1A6! H)U1+$)\5$8 5(?1)K506$05A6%8! JQQTE"108,)! +,)! /$012#)!
)1A6*$ = 4$58)11G, = 71)41$01 LTE'BCNCs! >, TA, 27213011754/ BCCN! p! BCCVs!F , 771 * 190! 175!
BCNVs! 961$72$65! $0! 17 BCNVs! 5 7$8A"1 $01 176! BCNW! p! BCNZAE! -0(44$)! 9(&!
30)70,)$78)! [F14*$2()* 612%)! 1(0$64$2! $5)$! +$6K)4A$US! T "0#,)! 45!
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