Neurobiologické poklady psychopatologie: od spekulace
k modelu a jeho testovani

J. Horacek

Narodni Ustav dusevniho zdravi a 3. LF UK IVI

Validita model’ dusevnich
poruch

1) Konstrukéni validita - reprodukce faktort
(etiologie), které vedou k nemoci

2) Fenomenologicka validita — modelovani
priznakd nemoci

3) Predikéni validita — predikce odpovédi na
jiz dostupnou terapii




1) ANIMALNI MODELY

2) LIDSKE MODELY

Mechanismy animalnich modelu
schizofrenie

. Farmakologické modely (D - agonisté, NMDA
antagonisté, 5-HT,, agonisté.....)

. Neurovyvojovée modely (Iéze ventralniho hipokampu)

. Genetické modely (transgenni potkani)

Horéacek,2010 P
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1) ANIMALNI MODELY

,».-..nezalezi na tom, kolikrat se potkana
zeptate, stejné vam nerekne, ze se proti nému
ostatni potkani nebo lidé spikli“.

Kornetsky, 1977
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Animalni modely schizofrenie ™

Klin. pfiznaky schizofrenie = Animalni behavioralni proménné

Pozitivni pfiznaky Indukovana hyperlokomoce
Stereotypie Stereotypie

Vulnerabilita na stres Stresova hyperlokomoce a freezing
Deficit inf.processingu Senzorimotor. gating (PPI, P50)
Kognitivni deficit Porucha v testech orientace a paméti
Socialni stazeni Deficit v socialni interakci

T /
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" Stereotypie

Motorické stereotypie @ieuier, 19011)

Perseverace v kognitivnich
testech (Frith a Done, 1983)

Motorické stereotypie po D-
agonistech a NMDA
antagonistech (randup, 1967)

Perseverace v testech 2 volby
(Ridley, 1988)
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~  NMDA models: face and predictive validity
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HORACEK, Jiri et al.: CNS Drugs 20086, vol. 20,
no. 5, p. 389-409.

VALESOVA, VOTAVA, PALENICEK,
HORACEK: Neuropharmacology 2007, vol. 52,
no. 4., p 1071-1078.

BUBENIKOVA, HORACEK et al. Pharmacology
Biochemistry and Behavior 2005, vol. 80, no. 4,
p. 591-596

Mechanism of Action of Atypical

Antipsychotic Drugs and the
y of Schizophrenia

Kontrola Clozapin (5 mg/kg)  Haloperidol (0,1 mg/kg)

Kontrola Clozapin Haloperidol



Schizofrenie jako porucha
filtrace informaci (gating)

Schizofrenie - porucha pozornosti @leuter, 1911)

Neschopnost spravneé filtrovat irelevantni stimuly z
okoli - gating

Zaplaveni informacemi  (MckKiney, 1988)

Kognitivni fragmentace (kornetsky, 1977)

—> Prepulse inhibition (swerdiov, 1994)

- —> Latent inhibition (Feldon, 1992)

T /
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Prepulzni inhibice ulekové reakce-PPI

Stimulus Startle response f ~
Ulekova reakce
ist trial je inhibovana
predchazi-li silnému
bulse - (Glekovému) stimulu
2nd trial slaby prestimulus
prepulse  pulse - l
30-500 ms
Human testing of accustic startle response  (Swerdlow et al. 2001)
background white noise 70 dB
prepulse interval pulse startle response registration
86 dB 100 ms 118 dB eye blinck EMG

20ms 40 ms m. orbicularis oculi

background white noise 70 dB
prepulse interval pulse

startle response registration
75-80 dB 20-100 ms 120 dB
20 ms 30 ms

Prepulzni inhibice ulekové reakce-PPI

JL

Ulek
MD talamus J'I_I-L
30-500 ms

a

| Hippocampus | | Med.septum

| Colliculus sup. | CO'!'CfU|US
inf.

—>| Ventr.pallidum
Nc.accumbens

A \

| Ncc.pendunculopontini | |Nc,retic.caud.pontis

| Ve, (o e | Motoricka odpovéd

Swerdlow, 2001 a %/‘\




-~ Prepulzni inhibice ulekové reakce-PP| ™

PPI je vlastni vSem savcim véetné lidi

(Swerdlov, 1994)

Snizeni PPI:

nemochi se schizofrenii |
(Braff et al., 1978; Braff et al., 1992; Grillon et al.,1992)

laboratorni zvirata po D agonistech,
a NMDA antagonistech

mateiska deprivace, socialni izolace

léze kortiko-striato-talamickych okruht
(Bubenikovd, 2006)

g
\\\
Vliv antipsychotik na PPI
D-agonisté 5-HT2 agonisté | NMDA- Socialni Schizofrenie
antagonisté izolace
Terapie
Klasicka NL ANO Spise NE NEISEIE] ANO ANO
Atypicka ANO NEISEIE] ANO ANO ANO
antipsychotika
Selektivni D2 ANO NE NE ANO ANO
antagonisté
Dalsi NE ANO ANO? ANO? NE
testované latky
bez AP efektu

(Geyer, 2001)



Mechanismy animalnich modelu

schizofrenie

Farmakologicke modely (D - agonisté, NMDA

antagonisté, 5-HT,, agonisté.....)

Neurovyvojove modely (Iéze ventralniho hipokampu)

Geneticke modely (transgenni potkani)

\\\ //
™. Hordcek,2010 >

Farmakologické modely schizofrenie

Latka Symptomy Neurobiologie Animalni model
pozitivni negativni

Atropin +++ + - potkani -

Skopolamin delirantni stav antagonismus testy uceni
s halucinacemi Ach receptort a paméti
amnézie

Amfetamin ++ + potkani —
psychomotoricky | socialni nepfimy stereotypie
neklid izolace agonismus perseverace
poruchy mysleni DA receptorti agregace mysSi-

{ LD50

LSD +++ + potkani
Halucinatorni stazeni do sebe | agonizmus stereotypie
stav bez 5-HT, receptort | (tfes hlavy)
poruchy védomi

PCP, MK-801, +++ ++ potkani -

Ketamin delirantni stav autismus antagonismus stereotypie
s halucinacemi Emocni oploaténi | NMDA receptoru | testy uceni
poruchy paméti nebo indiference a paméti

(upraveno podie Benesové 2001)
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" Neurovyvojové modely schizofrenie

Intrauterinni malnutrice (prenatalni proteinova deprivace)
(Brown, 1996, Tonkiss a Galler, 1990)

Prenatalni infekce chfipkova, Borna virus, LCMV
(Cotter, 1995, Fatemi, 1999)

Kortikalni dysgeneze indukovana RTG (rakoicz, 1996),
mitotickym toxinem-MAM (raamini, 1008), NOS inhibitory

(Black, 1999).

~ ///
Early activation (PRIMING) Permanent over-production of IL-1 8, TNF
of mikroglia with neonaltal and IL-6
infection (IL-1 B)
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!
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Migration of monocytes
) (Bilbo a Schwarz, 2009)
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"~ Neurovyvojové modely schizofrenie ™

Intrauterinni malnutrice (prenatalni proteinova deprivace)
(Brown, 1996, Tonkiss a Galler, 1990)

Prenatalni infekce chfipkova, Borna virus, LCMV
(Cotter, 1995, Fatemi, 1999)

Kortikalni dysgeneze indukovana RTG (rakoicz, 1996),
mitotickym toxinem-MAM (raamini, 1008), NOS inhibitory

(Black, 1999).

Maternalni separace - do 21 dne (pred odstavem) (i, 1997)

Socialni izolace (arow 1950 - 0d 21 dne (po odstavu)
(Wilkinson, 1994)

~~ Neurovyvojové modely schizofrenie Il. ™

Casny stres

Maternalni separace - do 21 dne (pred odstavem)
(Liu, 1997)

Socialni izolace ¢aon 10 - 0d 21 dne (po odstavu)

(Wilkinson, 1994)
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Model socialni izolace

Izolovani potkani Pacienti se schizofrenii

1D obratu v Nc.accumbens Zvysena senzitivita na amfetaminy
Tsenzitivity na amfetamain

Tsenzitivity na 5-HT provokaci 5-HT2 stimulace (MCPP) — pozitivni priznaky
Perseverace Perseverace v testech 2 volby

Snizeni PPI Snizeni PPI (Higgins, 1998)

B Kontroly
hyperaktivita, stereotypie, ¥PPI, {

Socialni izolace

4 : o 250 |
vykonu v tesetech orietace a paméti "
=
EAN
x
15§
Isynaptofyzinu v GD £
(Varty a Higgins, 1996, Robbins, 1992Eastwood, 1996-u lidi) §
. >
. ?  G.dentatus  CAlL caz

-
(Varty a Higgins‘JA‘9‘§6)

,,»»-"'Néurovyvojové (dyskonekcni) hypoté£a~*-
schizofrenje

1D ID
| (Pycoc a kol., 1980)

-
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Neurovyvojové modely schizofrenie
Léze ventralniho hipokampu

(LipSka . Wemberger 1996) sexualni maturace
° i " 35 40 - 45 56 dny
I i } : :
T Soc. kontakt ¢ Hyperlokomoce
startle PPI = a stereotypie
ézo;?nogsagsﬁ reakce DA agon. T
" P DA antagon.
S NMDA antagon. T
(Stastny, Tejkalovd, Bubenikovd, 2001) | S

G. Dentatus, 13.den, DAPT

0 7 12 14

chinolinat

intraventrikularné

_Neurovyvojové modely schizofrenie It
Léze ventralniho hipokampu
Dyskonekéni hypotéza

Hipokampus x PFC
Rozvoj maladaptivniho

T chovani v adolescenci
: a dospélosti spojeny s
Tdopaminu
(Lieberman, 1997, Duncan, 1999)
a AMPA

agonisté upravuji chovani
po lézi V-HPC

- (Lipska Weinberger, 1994, Sams-Dodd, 1997) d

T -
~ P
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-~ Genetické modely schizofrenie ™

Transgenni modely: knock-out nebo knockdown mysi

DA transporter (DAT-KO): hyperlokomoce, stereotypie, PPI,
LI, pamét

D2 a D4 knock-out: hypoaktivita

D3 + D1: hyperaktivta (Gainetdinov a Caron, 2001)

Knockdown NR1 podjednotky (NR1-KD) (Mohn, 1999)
Knock-out NR2A podjednotky (Miyamoto,201)

"~ AMPA, metabotropni Glu rec., 5-HT, DVL1, NCAM-180, ..... /

Horacek,2002 P

1) ANIMALNI MODELY

2) LIDSKE MODELY
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Potkan

Nemocny
¢lovék

Dobrovolnik

Glutamatergni teorie schizofrenie v animalnim a humannim modelu
diskonekce testovana porovnanim s populaci nemocnych schizofrenii
NR/8792 - 3
2006-2008

The effect of tryptophan depletion on SCH model and
brain activation measured during the Stroop test

BUBENIKOVA, HORACEK et al. European
Journal of Pharmacology 2004, vol. 502, no.
1-2, p. 109-116.

Fig. 1. The areas with higher BOLD fMR signal associated with
the Stroop test activation in the condition of tryptophan depletion

: . compared with control condition and with tryptophan level as the
HORACEK, ZAVESICKAet al. Physmloglcal covariate (height threshold T=3.54, extent threshold k=5,
Research 2005, vol. 54, 235-244. p= 0.001 uncorrected). R - right hemisphere; L - left hemisphere.
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Latka Symptomy Neurobiologie Animalni model
pozitivni negativni
Atropin +++ + - potkani -
Skopolamin delirantni stav antagonismus testy u€eni
s halucinacemi Ach receptort a pameti
amnézie
Amfetamin ++ + potkani —
psychomotoricky | socialni nepfimy stereotypie
neklid izolace agonismus perseverace
poruchy mysleni DA receptorti agregace mysi-
{ LD50
LSD +++ + potkani
Halucinatorni stazeni do sebe | agonizmus stereotypie
stav bez 5-HT, receptoru | (tfes hlavy)
poruchy védomi
PCP, MK-801, +++ ++ potkani -
Ketamin delirantni stav autismus antagonismus stereotypie
s halucinacemi Emoéni oplosténi | NMDA receptor | testy uCeni
poruchy paméti nebo indiference a paméti
(upraveno podle Beneéové-26Gi)
NMDA Glutamat: ionotropni receptory
AMPA . .
...schizofrenie
Kainat

Schizofrenie: Snizeni AMPA (GIluR1 a GluR2) a kainatovych R (Glu6 a
KA2) v hipokampu schizofrennich nemocnych (Gao, 2000, Eastwood, 1995,

Porter, 1997)

NMDA jsou zvySené v kortexu a putamen (Meador-Woodruff, 2000), ale maji
alterované podjednotky (Akbarian, 1996),

NR3A-inhibiéni podjednotka NMDA zvysSena v korexu a talamu (Sucher,

1995)

T NMDA v dusledku zhor§ené funkce

I AMPA a kainatovych R v diisledku zvy$eni
extracelularniho glutamatu (konradi, 2003)




Glutamat: ionotropni receptory

2Xx NR2 A-D 2% NR1
Vaze Glu Vaze
glycin
Celkem 8 variant
2 x Glu a 2x glycin
Hypo-hyperglutamatergni teorie schizofrenie
- iy " - Psychoza
- )@—010--3,.
4 ¢ . ]
—
GABA e\ DSy GABA
<‘\ Y .. ‘. <\ DA 2
€ - __¥Yi
@ ' ‘ i s/ Non-NMDA
‘o9
Psychoza ]
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Ketamin charakteristika a o P

c
Syntéza v roce 1962 “' f k £
Uveden na trh 1970 po 1 & r
Derivat PCP « o

Blokada NMDA kanalu

Vyrazné vyssi afinita k NMDA nezli u memantinu
R- a S- enatiomery

Slaby antagonista DAT (zvySuje D) a mirna afinita k

opiatovym rec. (Eide et al 1997) NMDA receptor
Na*
. S, i Gy zn®*
Bezpec€nost a velmi nizky potencial dependence oy B PCP
* §__—polyamine

(Pal, 2002, Jansen, 2001)

Neuroprotektivni potencial v klinickych davkach
(Proescholdt, 2001, Fitzal, 1997, Pfenninger, 1997)

P
NER-1042; No of Pages 10

Véra Bubenikova-Val
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Ketamin-NMDA antagonismus v modelovani
schizofrenie — humanni studie

sub-anestetické davky v k testovani glutamatergni
teorie schizofrenie u lidi

(NIMH, Bethesda, Yale University School of Medicine, Maryland Psychiatric Research Center, New
York University School of Medicine, Psychiatric University Hospital Zurich, University of Turku,

Finland)

indukce pozitivni, negativni symptomatiky a kognitivniho
deficitu (adier et al., 1999; Krystal et al., 1993; Krystal et al., 1994; Krystal et al., 1999).

Metodika-EEG, fMRI

dvojité slepa, placebem kontrolovana studie

BPRS
TK,P
EEG
fMRI
>
cas
5 min. 10 min. 20 min.
klid 0,27 mg/kg 0,27 mg/kg

i.v. 0,27 mg/kg po 10 minut — udrzovaci davka 0,27 mg/kg po 20
min. (celkem 0,54 mg/kg b&éhem 30 min.)

FR po dobu 30 min.
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BPRS scores baseline

Total 0.65 (0.98)
Anxiety -depression (s.d.) 0.40 (0.68)
Withdrawal-retardation (s.d.) 0.00 (0.00)

Thought disturb. and hallucinations
(s.d) 0.05 (0.22)

Tension-excitement (s.d.) 0.25 (0.44)
Hostile Suspiciousness (s.d.) 0.00 (0.00)

Vysledky

. - 20 (13/7) 15 (10/5)
29.90 (5.69) 27.13 (5.52)

10 min.

0.70 (1.30)
0.40 (0.82)
0.15 (0.48)

0.10 (0.44)
0.05 (0.22)
0.00(0.00)

30 min.

0.65 (1.26)
0.35 (0.67)
0.20 (0.52)

0.10 (0.30)
0.00 (0.00)
0.00 (0.00)

baseline
0.90 (1.16)
0.22 (0.41)

0.10 (0.44)

0.05 (0.22)
0.63(0.83)
0.05 (0.22)

10 min.

3217
(14.46)*+

3.7 (2.36)+
10.98 (6.02)*.+

9.85 (5.39)* +
5.26 (3.63).+
2.55 (2.56).+

30 min.

38.35 (14.82) *.+
4.50 (2.30)*.+
13.00 (6.69)*.+

11.65 (4.00)*.+
6.20 (3.94)%.+
3.00 (2.77)%.+

24.87 (11.50)
4.67(3.22)
4.13 (4.02)

8.33(3.94)
4.6 (3.54)
3.13(2.95)

The psychopathogy measured by the BPRS scale and its composite factors in placebo and ketamine infusion and in drug naive schizophrenia patients.
In healthy volunteers (N=20) two way ANOVA confirmed the significant effect of dose (F=108.20, p<0.000000), time (F=80.14, p<0.00000) in total BPRS after

ketamine infusion.

Significant influence of dose and time was detected also in composite scores for anxiety-depression (F=41,56, F=29.0), thought disturbances including
hallucinations (F=113.63, F=85.08), withdrawal-retardation used as the measure for negative symptoms (F=66.9, F=50.7),hostile suspiciousness (F=20.0,
F=14,64) tension-excitement score which includes also catatonic symptoms (F=43.46, F=23.59, p<0,00001 for all analyses). The results of pos hoc test are
marked by ,* for p<0,001 in comparison with basline and by ,+* for p<0,001 in comparison with corresponding time in placebo condition.
In drug naive schizophrenia patients we found the lower expression in withdrawal-retardation score (in bold) in compariosn with ketamine in min. 10 and 30

(p= 0,05, T test with Bonferroni corr.).

Zména konektivity (QJEEG koherence)

Ketamin 10 min.

FFT Coherence Group Paired t-Test (P-Value)

Ketamin 10 a 30 min.: parovy t-test

Schizofrenie vs kontroly: Indep. T-test

21



Farmako-magneticka rezonance (phMRI)

o d i . Vs Y Ketamin
: gamma

(N=11, p=0.05, corr.)

Negativni zp&tnovazebny okruh: ‘cka rezonance (phMRI)
Gamma oscilace —

zavisi na inhibici pyram. bb.
cestou FS interneuront

snizeni gamma u SCH

gamma by méla byt snizena i po
ketaminu (Lisman,2008)

Neni tomu tak!

e @

(N=11, p=0.05, corr.)
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Interakce: glutamat a GABA

Pyramid.bb. D1. D2

NMDA Dopamin

med.septum Var\

Podle Lisman et al. 2008

H1l-magnetic rezonance spektroskopy (MRS)

15.4mL (M D41
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Vysledky

Data Table-1

CGABA 1
= GABA 2
I Glu 1
I Glu 2
E=GABA 1
010 GABA 2
Glu 1
ez Glu 2

Gyrus cinguli  Temporal gyrus

Low neurotransmitters sensitivity

mean, SEM

—— : Std Glu ~ 8%
Wilcoxon signed-rank test,
*0=0.0137 Std GABA ~ 48%

NecCekana
serendipity
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Why ketamine and depression?

Mean AHDRS
21-Hem HORS Score

@ Paosbo
Kostamene

60 40 8 10 23 Oay! Doy2 Duyd Day7
0 80 120 180 240 24 48

72 min min man mn min
min min min min  hrs hes hrs
. Time " "
Berman, R. M., et al.: 2000, Antidepressant effects of ZTELR, G o Ity GBETL 2006.‘ Arandomlzed tnal Silen N.-
P . . ] methyl-D-aspartate antagonist in treatment-resistant major
ketamine in depressed patients: Biol.Psychiatry, v. 47, d A Archi £ | Psvchi A
no. 4, p. 351-354. epression. Archives of General Psychiatry 63, 856-864..

Ketamine 0,5 mg/kg: 30 min. infusion

Onset of antidepressive effect: within hrs.

Response: 71% (vs 0 on placebo) patients (zarate, 2006)

Response Rates Over Time in
Patients With Treatment-Resistant
Major Depression Given a Single
Infusion of Ketamine or Midazolam

the MADRS score was lower in the
ketamine group than in the midazolam
group by 7.95 points

odds ratio: 2.18

Infusion response rates of 64% and 28%,
| respectively

Primary outcome®

0

Baseline Day 1 Day Day4 D 7

’ ’ ’ Murrough et al., Am J Psychiatry 2013 Aug 28
Inpatient Qutpatient doi: 10.1176/appi.ajp.2013.13030392.
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NMDA a AMPA

—tr—Ketamine

bo I_'—'—_‘—r & Placebo
prefrontal cordanc " central cordance

PFC: baseline PFC: 10 min. PFC: 30 min CC: baseline1 €C: 10 min €C: 30 min

Horacéek, 2010. Psychological Medicine.

PET studies: T E—
Antidepressants: :
| SGC (Cg25)
PC (Cg31)

(Kennedy et al. 2007,
Mayberg et al. 1999, Ressler,

Mayberg, 2007)

NMDA a AMPA

Ketamine infusion
blocking of NMDA r.
T Glu extrecell. release

METABO AMPA/ ctivation and
AMPA Y 2rminal
phosr  ylation (GIuR1)

A activity and
f alal
MRS: increase of glu in

ketamine in the ACC (rowiand et al.
sub-chronic treatment T( 2005 *

Szabo et al. 2009).
( ) | PF theta-cordance
(Horacek et al. 2010)

8)



Control

y ' ’ Ketamine

ketamine rapidly activated the mammalian target of rapamycin (mMTOR)
pathway, leading to increased synaptic signaling proteins and increased
number and function of new spine synapses in the prefrontal cortex of rats

[Li, 2010]

Soubor depresivnich nemocnych Iééenych ketaminem v
PCP

Statistical
(n=11) significance
median (IQR) median (IQR) level*

Age (years) 43 (30-56) 44 (32-56)
Gender (M : F) 7:4 9:7
Duration of depressive disorder (years) 7(1-13) 13 (4-22)
Duration of current episode (months) 15 (2-28) 9 (0-18)

Number of previous psychiatric hospitalizations 3(1-5) 3(1-5)
Baseline MADRS 23 (18-28) 23 (18-28)
IQR - interquartile range; “Student's t-test; “Fisher Exact Test; ‘Mann-Whitney U Test

Sos et al., 2013
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Ketamin u MDD v PCP: vysledky

ority of ketamine over placebo at all post-infusion
s found (day 1: p<0.001 day 4: p=0.002; day 7: p

So6s et al., 2013

Ketamin u MDD v PCP: vysledky

Association:
BPRS total and MADRS

at day 7 (r=-0.40,
p=0.04)

at day 1 (r=—0.37, p=0.06)

BPRS score change

and day 4 (r=—0.36,
p<0.07)

00 02 04 08 . _
MADRS score change No significant correlations

with BPRS subscales.

Fig. 3. Association between BPRS score change during acute
administration of ketamine and MADRS sc ange at day
seven, analysed by Pearson's correlation c cient (r=—0.40,
p=0.04).

S6s et al., 2013
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Mdzeme modelovat:

Pozitivni priznaky

Negativni a kognitivni pFiznaky
Deficit informacniho processingu

Mulizeme testovat: Role metabolitu:
guetiapin — norquetiapin
AP — AD (+ AP?)

Efekt antipsychotik NET, 5-HT1A

Etiologii schizofrenie
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