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Depressed decisions Stress and 5HT Optimal helplessness?

.

Depression :: inefficient use of performance Stress is used as an inducer in most animal Depressive symptohms as nOf”glath_e stress
Neuromodulators :; RL evaluations to guide future actions models of depression. responsgs —the case ot blunting
Doparmine —rewards and actions Serotonin Is instrumental Three main stress paradigms In each steady-state scenario (A) LH master (B) LH yoked (C) CMS constant (D)
Serotonin — aversion, stress, inactivity i MUt et . 2006 « Learned Helplessness (LH) CMS variable, choose least costly action amongst:
Noradrenaline — unexpected uncertairnty | __ » Uncontrollable but not controllable shock induces depressive state. »lever press () cosalt o aﬁ(’)‘;ﬁ bet ey Switch off shock
Acetylch()line _ expected uncertalnty NO”THI use of negatlve | 8 | {1 B « Chronic Mild Stress (CMS) e COSt prOp(.).rtlon (O requency o
reinforcement, but suboptimel P T . . . . o prepare (77 ) - for small shocks of known type this is not too costly
i 5 6| | « Varied (but not same) mild stressors induce depressive states oot linear in f s viith shock
=> NMs control plasticit use of positive reinforcements. : » Behavioural despair > CoStinear In ime, Varies with shock type S
B P y S 4 pa o blunt (b) :: most drastic action —forgo rewards to avoid punishments
. High sensitivity and inefficient . Maier and Wetkins 2005 » COSt s loss of rewaras
Neuromodulators :: Psychiatry us% of negati\% feedback [Bliot i° . » nothing (n) :: just incur shocks as they happen
Schizophrenia— DA, SHT e S o g 3 negativebiasin OMS g 25 I T T yoked
ADHD — DA, NA | g N . 5 N ; 5 % . C(n) ~ S! C?(n) = £8 — fR\
Parkinson's — DA g | 53508 " % i ? E — O (1) = fS' = fr AR+ Aoy C2(l) = fS'— fiRM\ + Asc
Alzheimer's — Ach 4 longtermgain 1| long-termloss "g £ 06 VS T B Cll(w) ~ S CZ(w) = fSS% — [iR A+ ¢ (SY)
[bpreSSiOn_SHT . A 1-éo | 41—I6O | 81—I100 1-20 | 41—I60 | 81—I100 E_% - t1I> % 104 : r!.‘IEJ:,SA:['Ie'ﬁnDRN ¢ (b) ~ Sé A B 0 (b) B fSSb I Redr
Serotonin Tria gg02 ¢ ot ) = £.5°— SR CD ') = fi5°— LR\
=> what controls the controllers? g 0 T e T i T 3 § 1% C°() = f8° = fiRM\ + Ay C'l) = [f8° = fiRM\ + Ay
Meta-meta-plasticit - gt - - v Blocks of § Trials = Cm) =[S = frRA +x(S) CHm) =[Sz — [rRA + cr(nS?)
p. | Y Tryptophan depletion decreases availability of SHT. This causes depression C3(b) = fsS5 — frRoA OB = ASE— R
[cf metaplasticity Doya 2002 relapse and qualitatively recovers aspects of decision making in depressed « Behavioural changes in all these models are sensitive to clinically
- | - i active antioepressants. find a set of (12 that satisfies these equalities, plus 55
- oYp. subjects (also mood-congruent biases). | | Just find a set of (12) parameters isfies equalities, plus
Psychlatry - RL 7~ » SHT from dorsal raphe crucial to effect of inescapable shock. inequalities (suchas ¢_(S') > ¢ (S*)). C'(1) appears larger than
« Previously Ineffective mild stressors can be effective after  severe c2(1) due to the normalisation only.
g 0.80 T 2 0.80 —= stress (life events?)
« Analyse the plasticity of NMs themselves c‘gﬁ -y 0:30 2 | 0'30 A | Largle, cohtrol . B Ifargel, no clontr-::lul
» Set NV as a function of reward / punishment statistics in the 2 S A | 100/ | 100 |
: £ 0.60 - £ | . . . —
e”""l'onme”t - | U | g 010/ & 0560 - Stress induces an alteration in the use of S 50L.. 50| I -2
;oT:sa;?m latric dysfunction to normal function via normetive g 0‘40 S 050 - rewards. Are different global settings of reward s 00 T 5 R "N I P B
e o | processing optimal under different reward / S C Small, no contro Small variable, no control
S 0304 Rogersetal. 1997 © L4l . L o . 2 U -
5 : punishment statistics? This is a RL question. =100 100
0.20 - ' 0.30 - , Q
: High Small High Small O 500 S0
D e p r eS S I O n Expected gains ’ Expected losses . .
e Coping with stress 0 0
OHT opposes DA o, e _
2000: 7 . dsabi dnid el L H and CMS together reveal importance of stress size, variability and Conclusions
. : 2™ most important disability worldwide - - : 012 i i e . . . .
B>: et nTEOSOC o ty -DAis crucial to learning abouit rewards o / controllability. Four basic paradigms: Psychiatry :: related to normative emotional function [Nesse 00
de. | . y «SHT mediates response suppression by g 8 Qs Paradigm Paradigm parameters
5_;8;??? . d(ljsease USA punishments g 27 Shock size | variability | Control Depression :
. T 4 @.___4--ﬁ@£:@—jg .-
. ifetime incidence in g 4 | |
o to _ -Stress affects DA N NACC, PRex 2 cs A | LH master large i yes as a (pathologically prolonged) optimal response
Peeon : ~Conditioned reinforcerment potertiated by 5, 7- s ' ‘ ' B | LH yoked large ow — nition related to pharmacology (CBT vs pharmacology?)
« lowmood / anhedonia DHT lesions and by amphetarmine Dose d-amphetamine (ug) C | CMS constant small low no Cog p oy P '
> reward experience D | CMS variable small high no )
« hoplessness / worthlessness / helplessness =>5HT opposes DA [cf. Dawet al. 2002) after Cabib and Puglisi-Allegra 1996 Neuromodulators ::
indecisi / diminished abilitv to think ' ' DAreleaserelativetoctrls : : : : opjponency
e INGECISIVENESS / AIMNIS ywoti 5 LTI N S In each of these a different strategy (steady-state action) is optimal. Choose . -
_ . ] N plasticity related to normative framework
> reverd usage D, agonist and ADs prevent LH S Hiam N + amongst

statistics and controllability

e loss of energy and others

« Actiology Shockedj NN

Lever press, Blunting, Preparation, Nothing Reinforcerment learning -

. R
* eSS - Antid ep ressants o s\ . L . L Inference of hyperparameters?
« SHT transporter polymorphism Cabib and Puglisi-Allegra 1996 Analyse whether there is regime in which depressive blunting is optinal.
o Treatment ' ili i
e beheviowral the Blunting flattens the utility curve, reducing the relevance of both rewards Acknowledgerments: W thark JD Steele, Barbara Sahakian, Nethariel Daw and Yael Niv for stimulating
» Cognitive benavioural therapy « Act on 5HT but promote DA and punishrments. discussions. Funding: Gatshy Charitable Foundition, UCL Medical School, BIBA consortium
« SSRIs (SNRIs, TCA, ECT, stimulants) « Increase prefrontal DA
« Increase responding for ICSS LH master rat press lever to terminate shock
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