
5/7/23

1

Prof. Manuela G. Lopez
Universidad Autonoma de Madrid

Spain

Implication of NRF2 in 
Depression

1

1

ü Leading cause of disability worldwide

ü Affects more than 300 million people worldwide

ü The incidence of depression increases

ü More women are affected

ü Depression can lead to suicide.

ü Depression is closely related to and affected by physical
health and other disease (cause or consequence)

ü Current treatments take months to exert their effect

ü Treatments: around 50% no efficacy or abandon treatment
because of side effects

General concepts on Depression
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Theories implicated in the pathology of Depression

1. Monoaminergic (Schildkraut 1965)
ü Deficiency of noradrenaline, dopamine, serotonin
ü Most antidepressive increase these NTs

2. Inflammatory (Smith 1991, Maes 1990-1993)

ü Patients exhibit elevated blood and CSF levels of
proinflammatory cytokines and cytokine receptors

ü 30-40% of refractory depressive patiens have high levels of
inflammatory markers (IL6, RPC)

3. Stress: (Blackburn-Munro, 2001; Goshen et al., 2008; Tafet & Bernardini, 2003))

ü The hypothalamic-pituitary-adrenal (HPA) axis): increased
Cortisol 

ü The sympathomedullary axis (or the locus coeruleus-
norepinephrine [LC-NE] system)
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Monoaminergic hypothesis and drugs

• AD
• DA
• 5-HT
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Evidences that suppport inflammation
in mood disorders

4Beurel et al., ,Neuron 107, 2020. https://doi.org/10.1016/j.neuron.2020.06.002
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Multiple Mechanisms May Contribute to the
Dysregulation of Cytokines in MDD

5Beurel et al., ,Neuron 107, 2020. https://doi.org/10.1016/j.neuron.2020.06.002
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Potential Immune Response deregulation in 
MDD: link to stress

6Beurel et al., ,Neuron 107, 2020. https://doi.org/10.1016/j.neuron.2020.06.002
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The hypothalamic-pituitary-adrenal (HPA) axis and 
sympathetic system: Stress-Inflammation balance
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Approximately 50% of mood disorder patients 
exhibit hypercortisolism.

(Halbreich et al. 1985; Akil et al 1993; Checkley et al 1996)

Reduced 
- Monoamines 

- NA
- DA
- 5HT

- Trophic factors
- BDNF

Increased
- Excitotoxicity (glutamate)
- Inflammation
- Oxidative stress

Andrew H. Miller, Vladimir Maletic, Charles L. Raison. Biological Psychiatry e 65, 732-741.2009.Biological Psychiatry e 65, 732-741.2009
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https://onlinelibrary.wiley.com/doi/full/10.1111/ejn.15392

Main players implicated in depression

Inflammatory
Hypothesis

Oxidative Stress
Reduced Neurotrophic Factors

Enviromental stressors

HPA/ANS
Cortisol

Genetic and epigentic factors
Macro/Microbiome
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Nrf2 regulates inflammation

9Cuadrado et al., Pharmacol Rev. 2018 Apr;70(2):348-383. doi: 10.1124/pr.117.014753.
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1.- Animal models
- Nrf2-KO vs NRF2-WT
- Induced models (LPS, cortisol, Stress..)

2.- How can we evalute a depressive phenotye in animals?
- Behaviour
- Inflammation
- Neurotransmitters
- Neurotrophic factor

3.- Will Nrf2 inducers improve depressive phenotypes

3.- Do MDD patients have alterations in Nrf2 markers

ü NRF2 regulates inflammation
ü Inflammation participates in depression

Can NRF2 be a target for the treatment of depression?

Approaches to proof our hypothesis:
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1.- Do Nrf2-KO mice show a depressive phenotype ?
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Nrf2-KO animals have a depressive behaviour
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Martín-de-Saavedra et al., Psychoneuroendocrinology. 38(10):2010-22. 2013 
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Nrf2-KO animals have more gliosis

13
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Martín-de-Saavedra et al., Psychoneuroendocrinology. 38(10):2010-22. 2013 

Microglia Astroglia
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Brain neurotransmitters in Nrf2-KO animals are 
compatible with depressive phenotype

14
Martín-de-Saavedra et al., Psychoneuroendocrinology. 38(10):2010-22. 2013 

Serotonin Glutamate Dopamine
“Happines” “Excitotoxicity” “Pleasure/reward”

14

anton
Stamp

anton
Stamp



5/7/23

8

The anti-inflammatory drug Rofecoxib improved the
depressive behaviour in Nrf2 KO animals

15
Martín-de-Saavedra et al., Psychoneuroendocrinology. 38(10):2010-22. 2013 
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2. How can we induce a depressive phenotype in preclinical models ?

Inflammatory
Hypothesis

16
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1. Inflammation: Lipopolysaccharide (LPS) 
model: Sickness behaviour

17

1.- LPS model: Sickness behaviour

18
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The Nrf2 inducer sulforaphane recovers the depressive phenotype
in an LPS depression induced model

19

Martín-de-Saavedra et al., Psychoneuroendocrinology. 38(10):2010-22. 2013 

Tail Suspension Test Sucrose Splash Test
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2.- Stress Models of depression

2.1.- Subchronic Corticosterone

2.2.- Social Defeat (SD)

2.3.- Mild Chronic Stress (MCS)

20
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2.1. Subchronic corticosterone model

21

Corticosterone (20 mg/kg, p.o.) 

Agmatine (0,1 mg/kg, p.o.)
Vehicle (10 ml/kg, p.o.)

Treatments

21

Agmatine an endogenous compound

1. It is taken up by presynaptic axon terminals, stored 
in synaptic vesicles alone or with other NT, and 
released through membrane depolarization [1,2,4]

2. It is inactivated by the enzyme agmatinase [3] 

3. It activates several postsynaptic membrane 
receptors, namely I1R, and α2-adrenergic 
receptors, and 5HT3 receptors [1, 5]

4. It inhibits membrane Ca(2+) channels, all isoforms 
of nitric oxide synthase (NOS) in the brain, and 
blocks N-methyl-D-aspartate (NMDA) receptors [5]

5. Has shown antidepressant effects in predictive 
models by a mechanism that implicates NMDA 
receptors and L-Arginine NO pathway[6]

1. Reis DJ, Regunathan S (1999) Agmatine: an endogenous ligand at imidazoline receptors is a novel neurotransmitter. Ann N YAcad Sci 881:65–80. 
2. Goracke-Postle CJ, Overland AC, Riedl MS, Stone LS, Fairbanks CA (2007) Potassium- and capsaicin-induced release of agmatine from spinal nerve 
terminals. J Neurochem102:1738–1748. 
3. Tabor CW, Tabor H (1984) Polyamines. Ann Rev Biochem53:749–790. 
4.. Seo S, Liu P, Leitch B (2011) Spatial learning-induced accumulation of agmatine and glutamate at hippocampal CA1 synaptic terminals. Neuroscience 
192:28–36. 
5. Reis DJ, Regunathan S (1998) Agmatine: an endogenous ligand at imidazoline receptors may be a novel neurotransmitter in brain. J Auton Nerv Syst
72:80–85
6.- Freitas et al., Prog. Nurropsicopahrmacology Biol Psychiatry 50:143-150. 2012 22
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Agmatine induced Nrf2

23

23

24

Agmatine prevented depressive
behavioural phenotype

Sucrose Splash Test
(Anhedonia)

Tail Suspension Test
(Dispair)

Open Field Test
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Agmatine increases NA, serotonin and dopamine
levels in the brain

25

NA 
(ng/g tissue)

5-HT
(ng/g tissue)

DA
(ng/g tissue)

Glutamate 
(mg/g tissue)

Vehicle/Vehicle 44.9 ± 3.2 24.7 ±2.5 1.5 ± 0.1 2.6 ± 0.4

Agmatine/Vehicle 96.5 ± 8.8** 41.7 ± 6.3** 14.6 ± 3.9** 1.7 ± 0.2

Vehicle/CORT 41.7 ± 4.7 11.3 ±0.9* 1.4 ± 0.06 4.1 ± 0.3**

Agmatine/CORT 83.6 ± 11.3## 35.8 ± 5.5## 11.2 ± 2.1## 2.4 ± 0.4##

Data are expressed as mean + S.E.M. (n= 5). Statistical analysis was performed by two-way
ANOVA, 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<0.01 as compared with the corticosterone-vehicle
group.

25

Agmatine an endogenous compound that
regulates stress and mood

26
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2.2. Social Defeat and Chronic Mild Stress:
Contribution of oxidative stress to depression

CMS: Chronic Mild StressSD: Social Defeat

27

2.2. Social defeat

NV= Non Vulnerable
V= vulnerable

30 min 15 min

Defeated
(intruder)

Control

45 min for 4 days Based on BDNF levels at 
31 days,  SD are devided:

28
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2.2. Chronic Mild Stress

29

30

2.2. Animals with SD have higher levels of oxidative stress

C: Control
NV: Non vulnerable SD
V:  Vulnerable to SD

Tempol=Antioxidant drug
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Higher oxidative stress levels were related to
dperessive behaviour

C: Control
NV: Non vulnerable SD
V:  Vulnerable to SD

31

Vulnerable animals had more OS and less
induction of Nrf2

32
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CMS was sufficient to induce depressive behaviour in 
Nrf2-KO as they have basal increased OS

33

33

34

Nrf2 induction improves depressive phenotype
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Activation BDNF pathway with 7,8 DHF
Induces NRf2 and improves DB

35

11 days

35

CCoonncclluussiioonn::  A major stressful event leads to an early oxidative stress response, which 
needs to be cleared by endogenous antioxidant processes. 
If oxidative stress persists, a vulnerability state to depression is produced

36
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1. Which theories are implicated in depression?
- Monoamine
- Inflammatory
- Stress: Sympathetic-HPA-cortisol
- Oxidative stress-BDNF

2. Induced Animal models of depression? 
- LPS: inflammation
- Stress:

Subchronic Corticosterone
Social defeat
Chronic mild stress

What have we learnt?

37

38

3. How can we evalute a depressive phenotye in animals?
-Behaviour: FST, TST, ST
-Brain Neurotransmitters: DA, 5-HT, Glutamate
-BDNF levels brain
-Inflammatory markers

What have we learnt?

ü Nrf2 participates in depression 
ü Drugs targeting Nrf2 could be a promising therapeutic approach for 

depressive patients

Major conclusions
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TThhaannkk  yyoouu  ffoorr  yyoouurr  aatttteennttiioonn  !!
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