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General concepts on Depression
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Current treatments take months to exert their effect
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Theories implicated in the pathology of Depression BenBedPhar
Monegsinergichypothesis and drugs
.' A

1. Monoaminergic (schildkraut 1955
v’ Deficiency of noradrenaline, dopa ’ut:a,_,, serotonin

v' Most antidepressive increase these N’ E:F,

2. Inflammatory (smith 1991, Maes 13
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Evidences that suppport inflammation
in mood disorders
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IL-6

Immune cells
IFNc TNF IL-6
IL-1p

Antibody titers
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Beurel et al., ,Neuron 107, 2020. https://doi.org/10.1016/j.neuron.2020.06.002 4
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Multiple Mechanisms May Contribute to the
Dysregulation of Cytokines /'n MDD -
T Alar "ﬁ#‘*". +"¥" ++1¥|_¢'¢"
= M

vagus nerve
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: * Glucocorticoids

%‘ﬂ_ﬁsﬁ . «:2::. Immune cell o Sirim, B
g\&ﬁ . x:{% gﬁ"ﬁ% ﬁv,% ﬂ:h “%}b‘i@s 3 w%ogﬁ%ﬁigomggﬁx ,S_Ex:-q,.
i i

i
I
S, b hinesdnnin i Eoy e 4
Himnm HE e sl - Wi o : : PRk
Beurel et al.,,Neuron 107, 2020 https://doi.org/10.1016/j.neuron. 202006002 - 5

Potential Immune Response deregulation in
MDD: link to stress

Tolerance
HPA /SNS
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Beurel et al., ,Neuron 107, 2020. https://doi.org/10. 1016/J neuron.2020.06.002 6
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= S
The hypothalamic-pituitary-adrenal (HPA) axis and = : Cw. EelEl el

sympathetic system: Stress-Inflammation balance

d disorder patients

11993, Checkley et al 1996)
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Increased
: 'mines - Excitotoxicity (glutamate)
- NA - Inflammation
- DA

- Oxidative stress
SHT

DNF L EHEn, R S
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Psychiatry e 65, 732-74.1.2009.Biological Psychiatry e 65, 732-741.2009
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Main players implicated in depression C&p BenBedPhar

Inflammatory
Hypothesis

Cytokines
~

Oxidative Stress

eduead Neurotrophic Factors E H ’S-E‘“:-%{ )
H o e "51?":'5-: . H h?" HA -\.-:‘b'?\' R e e
_v&%ﬂw'%sm IR e TR T
@ s o
=

) ERIRt e o R
irGenetic:andepigentic factors v

o/ MiFdliigine. T

https://onlinelibrary.wiley.com/doi/full/10.1111/ejn.15392
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Nrf2 regulates inflammation

Homeostasis

e i s ety S
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Cuadrado et al., Pharmacol Rev. 2018 Apr 70(2):348-383. doi: 10.1124/pr.117. 014753.
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Inflammation
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1.- Do Nrf2-KO

11

Nrf2-KO animals have a depressive behaviour

Forced swimming Testiiiiiiii: . Sucrose Splash Test
(Dispair) SRR o (Anhedonia)
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Martin-de-Saavedra et al., Psychoneuroendocrinology. 38(10):2010-22. 2013
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Astroglia

Nrf2-KO animals have more gliosis

Microglia
Nrf2 (+/+) Nrf2 (-/-) NriZ
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Martin-de-Saavedra et al., Psychoneuroendocrinology. 38(10):2010-22. 2013 Distance to soma center (um)
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Brain neurotransmitters in Nrf2-KO animals are
compatible with depressive phenotype
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Martin-de-Saavedr# &t'at.; Psychonéursendocrinology.”38(10y=20186-22.2013
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depressive behaviour in Nrf2 KO animals
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Martin-de-Saavedra et al., Psychoneuroendocrinology. 38(10):2010-22. 2013
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Lipopolysaccharide
(endotoxin)
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1.- LPS model: Sickness behaviour

Weight loss
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The Nrf2 inducer sulforaphane recovers the depressive phenotype S oo BenBedPhar
in an LPS depression induced model
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2.- Stress Models of depression

Early adversity
Interpersonal conflic
Social isolation

Adrenal
~ gland,
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2.1. Subchronic corticosterone model
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Agmatine an endogenous compound

1. Itis taken up by presynaptic axon terminals, Stora 4

in synaptic vesicles alone or with other NT g
released through membrane depolarizatic! sk 4]
2. Itisinactivated by the enzyme agmatinase *@é’ :
. . ++1¥'"'¥"+ ,.!._ +"¥"
3. It activates several postsynaptic membrane :::: L

receptors, namely 1R, and a2-adrenergic s R
receptors, and 5HT3 receptors l1'5 w T
4. Itinhibits membrane Cal _‘i“_!“? nels, all i :%"’*""*’

of nitric oxide synthase:! in the brain, and "*" S

blocks N-methyl-D-aspas o (NMDA) receptors &I" E

5. Has shown antidepressa h-'nn in predi "*""1"*
models by a mechanism tha ‘*‘1 lI& II-‘ 11\ 1 ml
receptors and L Arginine NO pathwa

w ﬁx“:‘@-'
. -
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2. Goracke-Postle G, merlandAc Riedi 1 Sw;?ﬁ '\-:".\-: Y] e
:'SE H ﬁ{"{x"{
¥

*Hn ¢,
i

192:28-36.
5. Reis D, Regunathan S (1998)

terminals. ] Neurochem 102:1738-17: ms«ocneiéw .EE :-:w-:xw-iﬁ .
: - w%&mﬁ&m%wﬁ

3. Tabor CW, Tabor H (1984) Po(yanv
LM
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4. Se0's, Liu P, Leitch B (2011)
72:80-85 HH
6.- Freitas et al, Prog. Nurropsicopahrmacology Biol Psychiatry 50:143-150. 2012
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Diamine oxidase
(eripheral tissues)
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Agmatine induced Nrf2

0.D.HO-1: p ACTIN

Il Vehicle
] Agmatine 0.1

BenBedPhar
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Agmatine prevented depressive
behavioural phenotype
P
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A :..
"*",Et-l- B Vehicle
»
Tail Suspension Test i &uﬁ’: n Field Test Pt
(Dispair)
Bl Vehicle
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Agmatine increases NA, serotonin and dopamine c&fo BenBedPhar
levels in the brain

Vehicle/Vehicle

Agmatine/Vehicle [eIAGRS:
_ P g
Vehicle/CORT - 41.7+4.7
,,:*'_ -I*I-_., ; E
LEUEELIYlEs 82 6 + 11344 .- 35.8 4 5.54#
h : R

11.2 £ 2.1## 2.4 +0.44##

ot Tttt
Data are expressed as meah A. (n= 5). Statistical analysis was performed by two-way

ANDVA,:followed by the Duncan’s test::%p<0.05 and **p<0.01 &as:compared. with the control

group (vehicle-vehicle); #p<0:05 and:##p<€i01 as‘comparedawith the:corticosterond:-vehicle. SN
xi-::-::-::-:?;em .\q'a\-ixg-:g-:x:-: BoOHELi H et WL ﬁ-: H oG wx T kS
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Agmatine an endogenous compound that (&f BenBedPhar

regulates stress and mood

* v Apoptmsis sxxialy
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* NMDA receptor blockade T T

% NOS inhibition.
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2.2. Social Defeat and Chronic Mild Stress:

Contribution of oxidative stress to depression

E Bouvier'??, F Brouillard*?, J
J-J Benoliel"***° and C Be

&fBenBedPhar

2.2. Social defeat

* o
45 mirs
i +fh"¥"

SD-Intruder LE-Resident
Home Cage

<. Ol

:; r 4 days

£
i

ased on BDNF levels at
31 days, SD are devided:

NV= Non Vulnerable
V=vulnerable

Oc env mv

D-4 Ds D11 D31
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2.2. Chronic Mild Stress

Intermittent

D 8

Hin, wanediie | FR 1 ] , stress (aih.) sei WS'E
:.:3-??" BT [ T R L od and watér dé atlon(pm) ﬁ,: : { H
HEFEEE ?Exg-:;-::-::-: B P S A Hur P

(&fBenBedPhar

illumination _:

L
[ ol
! ctiobe flashing (a.m.)
Damp bedding (p.m.)
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2.2. Animals with SD have higher levels of oxidative str

DAY 31
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Higher oxidative stress levels were related to
dperessive behaviour

.
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Vulnerable animals had more OS and less SenbedEnal

induction of Nrf2
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Nuclear Nrf2/B-actin
(% of control)
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CMS was sufficient to induce depressive behaviour in
Nrf2-KO as they have basal increased OS

Nrf2-null mice "*" H
8 [ Nri2els b "-.';.."?:: Nrf2+/4
W Nrf2-/- W N2
§ "!"$+ . oy
§125 : 1 F{? ‘ i e
100 £ P
- §8 10 d
% 75 = 'EE':;
50 35 .y
3 A3
é 25 2 10 ||+| IEE
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Activation BDNF pathway with 7,8 DHF

Induces NRf2 and impr%e%%%%m

e

s i
H
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35
35
Conclusion: A major stressful event leads to an early oxidative stress response, which
needs to be cleared by endogenous ant|OX|dant processes.
u erability e to depressm%ﬁ‘rod%
] UNRESOLVED EFFECT: "‘
a VULNERABLE :
Oc env Bmv

Persistent

oxidative

stress

& CMS

phenotype
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What have we learnt?

1. Which theories are impiicated in depression?
- Monoamine
- Inflammatory
- Stress: Sympathetic-EPA=cortisol
- Oxidative stress-BDNF

2. Induced Animal models of depression?
- LPS: inflaipmation
- Stress: :
Subchronic Corticosterone
Social.defeat

Chirenicrnilg strass

37
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What have we learnt?

-Behaviour: FST, TST, ST

-Brain Neurotransmittess::DA, 5-HT; Glutamate
-BDNF levels brain

-Inflammatory markers

~Mdjor conclusions

v Nrf2 participates in depression
v’ Drugs.targeting Nrf2:could be a. promisiigtherapeuticdpproach for
depressive patietits

38
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