
8 
 

Index 

Abstract 12 

Chapter 1  
Histamine In The Nervous System 14 

1.1 Anatomic Framework 14 
1.2 Histaminergic Receptors 15 

1.2.1 Histamine H1 Receptor 15 
1.2.2. Histamine H2 Receptor 16 
1.2.3 Histamine H3 Receptor 16 
1.2.4 Histamine H4 Receptor 17 

1.3 Homeostatic Histaminergic Functions 17 
1.3.1 Sleep and Wakefulness 18 
1.3.2 Thermoregulation 18 
1.3.3 Fluid Balance 18 
1.3.4 Feeding and Energy Metabolism 19 

	
  
Chapter 2  
Cognitive Functions Of Brain Histamine 22 

2.1 Recognition Memory 23 
2.2 Fear Memory 23 
2.3 How to evaluate memory in rodents: most widely used paradigms 24 
2.4 The role of central histaminergic system in memory and cognition 25	
  

 
Chapter 3  
Disorders Associated With Brain Histamine 28	
  
 
Chapter 4  
Is Histaminergic Neurotransmission Involved In Antidepressant 
Responses? 30 

4.1 Historical background 30 
4.2 The modern concept of depression 31 
4.3 Neurogenic and neurotrophic theory 31 
4.4 Role of CREB in Depression and Antidepressant Treatments 33 
4.5 Neurocircuitry of depression 34 
4.6 Animal Models used to screen antidepressant compounds 35 

4.6.1 Tail Suspension Test (TST) 35 

Is Histaminergic Neurotransmission Involved in Antidepressant  
Responses?� 30

8 
 

Index 

Abstract 12 

Chapter 1  
Histamine In The Nervous System 14 

1.1 Anatomic Framework 14 
1.2 Histaminergic Receptors 15 

1.2.1 Histamine H1 Receptor 15 
1.2.2. Histamine H2 Receptor 16 
1.2.3 Histamine H3 Receptor 16 
1.2.4 Histamine H4 Receptor 17 

1.3 Homeostatic Histaminergic Functions 17 
1.3.1 Sleep and Wakefulness 18 
1.3.2 Thermoregulation 18 
1.3.3 Fluid Balance 18 
1.3.4 Feeding and Energy Metabolism 19 

	
  
Chapter 2  
Cognitive Functions Of Brain Histamine 22 

2.1 Recognition Memory 23 
2.2 Fear Memory 23 
2.3 How to evaluate memory in rodents: most widely used paradigms 24 
2.4 The role of central histaminergic system in memory and cognition 25	
  

 
Chapter 3  
Disorders Associated With Brain Histamine 28	
  
 
Chapter 4  
Is Histaminergic Neurotransmission Involved In Antidepressant 
Responses? 30 

4.1 Historical background 30 
4.2 The modern concept of depression 31 
4.3 Neurogenic and neurotrophic theory 31 
4.4 Role of CREB in Depression and Antidepressant Treatments 33 
4.5 Neurocircuitry of depression 34 
4.6 Animal Models used to screen antidepressant compounds 35 

4.6.1 Tail Suspension Test (TST) 35 

Alessia Costa, Histaminergic neurotransmission as a gateway for the effects of the fat sensing molecule Oleoylethanolamide. Focus 
on cognition and stress-reactivity, © 2020 Author(s), content CC BY 4.0 International, metadata CC0 1.0 Universal, published by 
Firenze University Press (www.fupress.com), ISSN 2612-8020 (online), ISBN 978-88-6453-995-9 (online PDF)

http://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/publicdomain/zero/1.0/legalcode
http://www.fupress.com


Histaminergic neurotransmission as a gateway for the effects of Oleoylethanolamide

8 10 
 

1.2.3 Antagonism of histamine H1 and H2 receptors prevents OEA-induced 
freezing enhancement 58 

1.3 Summary of Results (Part I) 58	
  
 
Part II  
Oleoylethanolamide Induces Antidepressant-Related Responses By 
Targeting PPAR-α And Recruiting The Histaminergic Neurotransmissio 61 

2.1 Materials and Methods 61 
2.1.1 Animals and Drugs 61 
2.1.2 Behavioral Experiments 61 
2.1.2.1 Tail Suspension Test (TST) 61 
2.1.2.2 Open Field test 62 
2.1.3 Neurochemical experiments 62 
2.1.3.1 Western Blot analysis 62 
2.1.4 Statistical Analysis 63 

2.2 Results 63 
2.2.1 Oleoylethanolamide systemic administration exerts antidepressant-
like effect by recruiting histaminergic neurotransmission 63 
2.2.2 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in HDC-KO mice 64 
2.2.3 Oleoylethanolamide systemic administration reduced immobility time 
by targeting PPAR-α 64 
2.2.4 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in PPAR-alpha KO mice 64 
2.2.5 General motility 65 

2.3 Summary of the Results (Part II) 65	
  
 
Part III  
Histaminergic Involvement In Oleoylethanolamide Protection On The 
Cognitive Decline Induced By Chronic Social Stress In Mice 67 

3.1 Materials and Methods 67 
3.1.1 Animals and Drugs 67 
3.1.2 Chronic Social Defeat Stress Paradigm 67 
3.1.3 Social Interaction Test 68 
3.1.4 Novel object recognition test 68 
3.1.5 Statistical analysis 69 

3.2 Results (Part III) 69 
3.2.1 Chronic Social Defeat Stress induced body weight gain and increased 
food consumption in OEA or VEH treated mice compared to controls 69 
3.2.2 Oleoylethanolamide reduces social avoidance induced by social 
defeat stress 69 
3.2.3 Oleoylethanolamide improves the performance in the object 
recognition test of WT stressed mice, but not of HDC-KO mice 70 
3.2.4 CSDS did not affect motility of mice tested in the open field 70 

3.3 Summary of the Results (Part III) 70 

8

1.2.1	Oleoylethanolamide administration increases freezing time 
of rats submitted to contextual fear conditioning� 57

1.2.2	Histaminergic neurotransmission is required for OEA-
freezing enhancements� 57

Histaminergic Neurotransmission As A Gateway For The Cognitive 
Effect Of Oleoylethanolamide In Contextual Fear Conditioning� 55

9 
 

4.6.2 Forced Swim Test (FST) 36 
4.6.3 Chronic Mild Stress (CMS) 36 
4.6.4 Learned Helplessness 37 
4.6.5 Novelty-suppressed feeding and sucrose preference 37 
4.6.6 Neuronal histamine: an insight on depression 37	
  

 
Chapter 5  
Is Neuronal Histamine Involved In Stress-Related Responses? 40 

5.1 Historical Background 40 
5.2 Definition and Classification of Stress 41 
5.3 Neuroanatomy and Physiology of Stress 41 
5.4 Stress: social behaviour, and resilience 42 
5.5 Stress impact on memory function 43 
5.6 Chronic Stress Paradigm in rodents 44 

5.6.1 Chronic Social Defeat Stress 45 
5.6.2 Crowding and Isolation 46 
5.6.3 Social Instability 46 
5.6.4 Chronic Restrain Stress 46 

5.7 Neuronal histamine: an insight on stress 47	
  
 
Chapter 6  
Histamine And The Gut-Brain Axis 48 

6.1 Oleoylethanolamide 49 

Aim of the Study 53 

Results 55	
  
 
Part I  
Histaminergic Neurotransmission As A Gateway For The Cognitive Effect 
Of Oleoylethanolamide In Contextual Fear Conditioning 55 

1.1 Materials and Methods 55 
1.1.1 Animals and Drugs 55 
1.1.2 Surgery 55 
1.1.3 Infusion Procedure and Experimental Groups 56 
1.1.4 Contextual Fear Conditioning 56 
1.1.5 Freezing Measurement 56 
1.1.6 Histology 57 
1.1.7 Statistical Analysis 57 

1.2 Results 57 
1.2.1 Oleoylethanolamide administration increases freezing time of rats 
submitted to contextual fear conditioning. 57 
1.2.2 Histaminergic neurotransmission is required for OEA-freezing 
enhancements 57 

9 
 

4.6.2 Forced Swim Test (FST) 36 
4.6.3 Chronic Mild Stress (CMS) 36 
4.6.4 Learned Helplessness 37 
4.6.5 Novelty-suppressed feeding and sucrose preference 37 
4.6.6 Neuronal histamine: an insight on depression 37	
  

 
Chapter 5  
Is Neuronal Histamine Involved In Stress-Related Responses? 40 

5.1 Historical Background 40 
5.2 Definition and Classification of Stress 41 
5.3 Neuroanatomy and Physiology of Stress 41 
5.4 Stress: social behaviour, and resilience 42 
5.5 Stress impact on memory function 43 
5.6 Chronic Stress Paradigm in rodents 44 

5.6.1 Chronic Social Defeat Stress 45 
5.6.2 Crowding and Isolation 46 
5.6.3 Social Instability 46 
5.6.4 Chronic Restrain Stress 46 

5.7 Neuronal histamine: an insight on stress 47	
  
 
Chapter 6  
Histamine And The Gut-Brain Axis 48 

6.1 Oleoylethanolamide 49 

Aim of the Study 53 

Results 55	
  
 
Part I  
Histaminergic Neurotransmission As A Gateway For The Cognitive Effect 
Of Oleoylethanolamide In Contextual Fear Conditioning 55 

1.1 Materials and Methods 55 
1.1.1 Animals and Drugs 55 
1.1.2 Surgery 55 
1.1.3 Infusion Procedure and Experimental Groups 56 
1.1.4 Contextual Fear Conditioning 56 
1.1.5 Freezing Measurement 56 
1.1.6 Histology 57 
1.1.7 Statistical Analysis 57 

1.2 Results 57 
1.2.1 Oleoylethanolamide administration increases freezing time of rats 
submitted to contextual fear conditioning. 57 
1.2.2 Histaminergic neurotransmission is required for OEA-freezing 
enhancements 57 

10 
 

1.2.3 Antagonism of histamine H1 and H2 receptors prevents OEA-induced 
freezing enhancement 58 

1.3 Summary of Results (Part I) 58	
  
 
Part II  
Oleoylethanolamide Induces Antidepressant-Related Responses By 
Targeting PPAR-α And Recruiting The Histaminergic Neurotransmissio 61 

2.1 Materials and Methods 61 
2.1.1 Animals and Drugs 61 
2.1.2 Behavioral Experiments 61 
2.1.2.1 Tail Suspension Test (TST) 61 
2.1.2.2 Open Field test 62 
2.1.3 Neurochemical experiments 62 
2.1.3.1 Western Blot analysis 62 
2.1.4 Statistical Analysis 63 

2.2 Results 63 
2.2.1 Oleoylethanolamide systemic administration exerts antidepressant-
like effect by recruiting histaminergic neurotransmission 63 
2.2.2 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in HDC-KO mice 64 
2.2.3 Oleoylethanolamide systemic administration reduced immobility time 
by targeting PPAR-α 64 
2.2.4 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in PPAR-alpha KO mice 64 
2.2.5 General motility 65 

2.3 Summary of the Results (Part II) 65	
  
 
Part III  
Histaminergic Involvement In Oleoylethanolamide Protection On The 
Cognitive Decline Induced By Chronic Social Stress In Mice 67 

3.1 Materials and Methods 67 
3.1.1 Animals and Drugs 67 
3.1.2 Chronic Social Defeat Stress Paradigm 67 
3.1.3 Social Interaction Test 68 
3.1.4 Novel object recognition test 68 
3.1.5 Statistical analysis 69 

3.2 Results (Part III) 69 
3.2.1 Chronic Social Defeat Stress induced body weight gain and increased 
food consumption in OEA or VEH treated mice compared to controls 69 
3.2.2 Oleoylethanolamide reduces social avoidance induced by social 
defeat stress 69 
3.2.3 Oleoylethanolamide improves the performance in the object 
recognition test of WT stressed mice, but not of HDC-KO mice 70 
3.2.4 CSDS did not affect motility of mice tested in the open field 70 

3.3 Summary of the Results (Part III) 70 

10 
 

1.2.3 Antagonism of histamine H1 and H2 receptors prevents OEA-induced 
freezing enhancement 58 

1.3 Summary of Results (Part I) 58	
  
 
Part II  
Oleoylethanolamide Induces Antidepressant-Related Responses By 
Targeting PPAR-α And Recruiting The Histaminergic Neurotransmissio 61 

2.1 Materials and Methods 61 
2.1.1 Animals and Drugs 61 
2.1.2 Behavioral Experiments 61 
2.1.2.1 Tail Suspension Test (TST) 61 
2.1.2.2 Open Field test 62 
2.1.3 Neurochemical experiments 62 
2.1.3.1 Western Blot analysis 62 
2.1.4 Statistical Analysis 63 

2.2 Results 63 
2.2.1 Oleoylethanolamide systemic administration exerts antidepressant-
like effect by recruiting histaminergic neurotransmission 63 
2.2.2 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in HDC-KO mice 64 
2.2.3 Oleoylethanolamide systemic administration reduced immobility time 
by targeting PPAR-α 64 
2.2.4 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in PPAR-alpha KO mice 64 
2.2.5 General motility 65 

2.3 Summary of the Results (Part II) 65	
  
 
Part III  
Histaminergic Involvement In Oleoylethanolamide Protection On The 
Cognitive Decline Induced By Chronic Social Stress In Mice 67 

3.1 Materials and Methods 67 
3.1.1 Animals and Drugs 67 
3.1.2 Chronic Social Defeat Stress Paradigm 67 
3.1.3 Social Interaction Test 68 
3.1.4 Novel object recognition test 68 
3.1.5 Statistical analysis 69 

3.2 Results (Part III) 69 
3.2.1 Chronic Social Defeat Stress induced body weight gain and increased 
food consumption in OEA or VEH treated mice compared to controls 69 
3.2.2 Oleoylethanolamide reduces social avoidance induced by social 
defeat stress 69 
3.2.3 Oleoylethanolamide improves the performance in the object 
recognition test of WT stressed mice, but not of HDC-KO mice 70 
3.2.4 CSDS did not affect motility of mice tested in the open field 70 

3.3 Summary of the Results (Part III) 70 

10 
 

1.2.3 Antagonism of histamine H1 and H2 receptors prevents OEA-induced 
freezing enhancement 58 

1.3 Summary of Results (Part I) 58	
  
 
Part II  
Oleoylethanolamide Induces Antidepressant-Related Responses By 
Targeting PPAR-α And Recruiting The Histaminergic Neurotransmissio 61 

2.1 Materials and Methods 61 
2.1.1 Animals and Drugs 61 
2.1.2 Behavioral Experiments 61 
2.1.2.1 Tail Suspension Test (TST) 61 
2.1.2.2 Open Field test 62 
2.1.3 Neurochemical experiments 62 
2.1.3.1 Western Blot analysis 62 
2.1.4 Statistical Analysis 63 

2.2 Results 63 
2.2.1 Oleoylethanolamide systemic administration exerts antidepressant-
like effect by recruiting histaminergic neurotransmission 63 
2.2.2 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in HDC-KO mice 64 
2.2.3 Oleoylethanolamide systemic administration reduced immobility time 
by targeting PPAR-α 64 
2.2.4 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in PPAR-alpha KO mice 64 
2.2.5 General motility 65 

2.3 Summary of the Results (Part II) 65	
  
 
Part III  
Histaminergic Involvement In Oleoylethanolamide Protection On The 
Cognitive Decline Induced By Chronic Social Stress In Mice 67 

3.1 Materials and Methods 67 
3.1.1 Animals and Drugs 67 
3.1.2 Chronic Social Defeat Stress Paradigm 67 
3.1.3 Social Interaction Test 68 
3.1.4 Novel object recognition test 68 
3.1.5 Statistical analysis 69 

3.2 Results (Part III) 69 
3.2.1 Chronic Social Defeat Stress induced body weight gain and increased 
food consumption in OEA or VEH treated mice compared to controls 69 
3.2.2 Oleoylethanolamide reduces social avoidance induced by social 
defeat stress 69 
3.2.3 Oleoylethanolamide improves the performance in the object 
recognition test of WT stressed mice, but not of HDC-KO mice 70 
3.2.4 CSDS did not affect motility of mice tested in the open field 70 

3.3 Summary of the Results (Part III) 70 

10 
 

1.2.3 Antagonism of histamine H1 and H2 receptors prevents OEA-induced 
freezing enhancement 58 

1.3 Summary of Results (Part I) 58	
  
 
Part II  
Oleoylethanolamide Induces Antidepressant-Related Responses By 
Targeting PPAR-α And Recruiting The Histaminergic Neurotransmissio 61 

2.1 Materials and Methods 61 
2.1.1 Animals and Drugs 61 
2.1.2 Behavioral Experiments 61 
2.1.2.1 Tail Suspension Test (TST) 61 
2.1.2.2 Open Field test 62 
2.1.3 Neurochemical experiments 62 
2.1.3.1 Western Blot analysis 62 
2.1.4 Statistical Analysis 63 

2.2 Results 63 
2.2.1 Oleoylethanolamide systemic administration exerts antidepressant-
like effect by recruiting histaminergic neurotransmission 63 
2.2.2 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in HDC-KO mice 64 
2.2.3 Oleoylethanolamide systemic administration reduced immobility time 
by targeting PPAR-α 64 
2.2.4 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in PPAR-alpha KO mice 64 
2.2.5 General motility 65 

2.3 Summary of the Results (Part II) 65	
  
 
Part III  
Histaminergic Involvement In Oleoylethanolamide Protection On The 
Cognitive Decline Induced By Chronic Social Stress In Mice 67 

3.1 Materials and Methods 67 
3.1.1 Animals and Drugs 67 
3.1.2 Chronic Social Defeat Stress Paradigm 67 
3.1.3 Social Interaction Test 68 
3.1.4 Novel object recognition test 68 
3.1.5 Statistical analysis 69 

3.2 Results (Part III) 69 
3.2.1 Chronic Social Defeat Stress induced body weight gain and increased 
food consumption in OEA or VEH treated mice compared to controls 69 
3.2.2 Oleoylethanolamide reduces social avoidance induced by social 
defeat stress 69 
3.2.3 Oleoylethanolamide improves the performance in the object 
recognition test of WT stressed mice, but not of HDC-KO mice 70 
3.2.4 CSDS did not affect motility of mice tested in the open field 70 

3.3 Summary of the Results (Part III) 70 



Alessia Costa

910 
 

1.2.3 Antagonism of histamine H1 and H2 receptors prevents OEA-induced 
freezing enhancement 58 

1.3 Summary of Results (Part I) 58	
  
 
Part II  
Oleoylethanolamide Induces Antidepressant-Related Responses By 
Targeting PPAR-α And Recruiting The Histaminergic Neurotransmissio 61 

2.1 Materials and Methods 61 
2.1.1 Animals and Drugs 61 
2.1.2 Behavioral Experiments 61 
2.1.2.1 Tail Suspension Test (TST) 61 
2.1.2.2 Open Field test 62 
2.1.3 Neurochemical experiments 62 
2.1.3.1 Western Blot analysis 62 
2.1.4 Statistical Analysis 63 

2.2 Results 63 
2.2.1 Oleoylethanolamide systemic administration exerts antidepressant-
like effect by recruiting histaminergic neurotransmission 63 
2.2.2 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in HDC-KO mice 64 
2.2.3 Oleoylethanolamide systemic administration reduced immobility time 
by targeting PPAR-α 64 
2.2.4 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in PPAR-alpha KO mice 64 
2.2.5 General motility 65 

2.3 Summary of the Results (Part II) 65	
  
 
Part III  
Histaminergic Involvement In Oleoylethanolamide Protection On The 
Cognitive Decline Induced By Chronic Social Stress In Mice 67 

3.1 Materials and Methods 67 
3.1.1 Animals and Drugs 67 
3.1.2 Chronic Social Defeat Stress Paradigm 67 
3.1.3 Social Interaction Test 68 
3.1.4 Novel object recognition test 68 
3.1.5 Statistical analysis 69 

3.2 Results (Part III) 69 
3.2.1 Chronic Social Defeat Stress induced body weight gain and increased 
food consumption in OEA or VEH treated mice compared to controls 69 
3.2.2 Oleoylethanolamide reduces social avoidance induced by social 
defeat stress 69 
3.2.3 Oleoylethanolamide improves the performance in the object 
recognition test of WT stressed mice, but not of HDC-KO mice 70 
3.2.4 CSDS did not affect motility of mice tested in the open field 70 

3.3 Summary of the Results (Part III) 70 

99 
 

4.6.2 Forced Swim Test (FST) 36 
4.6.3 Chronic Mild Stress (CMS) 36 
4.6.4 Learned Helplessness 37 
4.6.5 Novelty-suppressed feeding and sucrose preference 37 
4.6.6 Neuronal histamine: an insight on depression 37	
  

 
Chapter 5  
Is Neuronal Histamine Involved In Stress-Related Responses? 40 

5.1 Historical Background 40 
5.2 Definition and Classification of Stress 41 
5.3 Neuroanatomy and Physiology of Stress 41 
5.4 Stress: social behaviour, and resilience 42 
5.5 Stress impact on memory function 43 
5.6 Chronic Stress Paradigm in rodents 44 

5.6.1 Chronic Social Defeat Stress 45 
5.6.2 Crowding and Isolation 46 
5.6.3 Social Instability 46 
5.6.4 Chronic Restrain Stress 46 

5.7 Neuronal histamine: an insight on stress 47	
  
 
Chapter 6  
Histamine And The Gut-Brain Axis 48 

6.1 Oleoylethanolamide 49 

Aim of the Study 53 

Results 55	
  
 
Part I  
Histaminergic Neurotransmission As A Gateway For The Cognitive Effect 
Of Oleoylethanolamide In Contextual Fear Conditioning 55 

1.1 Materials and Methods 55 
1.1.1 Animals and Drugs 55 
1.1.2 Surgery 55 
1.1.3 Infusion Procedure and Experimental Groups 56 
1.1.4 Contextual Fear Conditioning 56 
1.1.5 Freezing Measurement 56 
1.1.6 Histology 57 
1.1.7 Statistical Analysis 57 

1.2 Results 57 
1.2.1 Oleoylethanolamide administration increases freezing time of rats 
submitted to contextual fear conditioning. 57 
1.2.2 Histaminergic neurotransmission is required for OEA-freezing 
enhancements 57 

9 
 

4.6.2 Forced Swim Test (FST) 36 
4.6.3 Chronic Mild Stress (CMS) 36 
4.6.4 Learned Helplessness 37 
4.6.5 Novelty-suppressed feeding and sucrose preference 37 
4.6.6 Neuronal histamine: an insight on depression 37	
  

 
Chapter 5  
Is Neuronal Histamine Involved In Stress-Related Responses? 40 

5.1 Historical Background 40 
5.2 Definition and Classification of Stress 41 
5.3 Neuroanatomy and Physiology of Stress 41 
5.4 Stress: social behaviour, and resilience 42 
5.5 Stress impact on memory function 43 
5.6 Chronic Stress Paradigm in rodents 44 

5.6.1 Chronic Social Defeat Stress 45 
5.6.2 Crowding and Isolation 46 
5.6.3 Social Instability 46 
5.6.4 Chronic Restrain Stress 46 

5.7 Neuronal histamine: an insight on stress 47	
  
 
Chapter 6  
Histamine And The Gut-Brain Axis 48 

6.1 Oleoylethanolamide 49 

Aim of the Study 53 

Results 55	
  
 
Part I  
Histaminergic Neurotransmission As A Gateway For The Cognitive Effect 
Of Oleoylethanolamide In Contextual Fear Conditioning 55 

1.1 Materials and Methods 55 
1.1.1 Animals and Drugs 55 
1.1.2 Surgery 55 
1.1.3 Infusion Procedure and Experimental Groups 56 
1.1.4 Contextual Fear Conditioning 56 
1.1.5 Freezing Measurement 56 
1.1.6 Histology 57 
1.1.7 Statistical Analysis 57 

1.2 Results 57 
1.2.1 Oleoylethanolamide administration increases freezing time of rats 
submitted to contextual fear conditioning. 57 
1.2.2 Histaminergic neurotransmission is required for OEA-freezing 
enhancements 57 

1.2.3	Antagonism of histamine H1 and H2 receptors prevents 
OEA-induced freezing enhancement� 58

Oleoylethanolamide Induces Antidepressant-Related Responses By 
Targeting PPAR-α And Recruiting The Histaminergic Neurotransmission� 61

10 
 

1.2.3 Antagonism of histamine H1 and H2 receptors prevents OEA-induced 
freezing enhancement 58 

1.3 Summary of Results (Part I) 58	
  
 
Part II  
Oleoylethanolamide Induces Antidepressant-Related Responses By 
Targeting PPAR-α And Recruiting The Histaminergic Neurotransmissio 61 

2.1 Materials and Methods 61 
2.1.1 Animals and Drugs 61 
2.1.2 Behavioral Experiments 61 
2.1.2.1 Tail Suspension Test (TST) 61 
2.1.2.2 Open Field test 62 
2.1.3 Neurochemical experiments 62 
2.1.3.1 Western Blot analysis 62 
2.1.4 Statistical Analysis 63 

2.2 Results 63 
2.2.1 Oleoylethanolamide systemic administration exerts antidepressant-
like effect by recruiting histaminergic neurotransmission 63 
2.2.2 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in HDC-KO mice 64 
2.2.3 Oleoylethanolamide systemic administration reduced immobility time 
by targeting PPAR-α 64 
2.2.4 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in PPAR-alpha KO mice 64 
2.2.5 General motility 65 

2.3 Summary of the Results (Part II) 65	
  
 
Part III  
Histaminergic Involvement In Oleoylethanolamide Protection On The 
Cognitive Decline Induced By Chronic Social Stress In Mice 67 

3.1 Materials and Methods 67 
3.1.1 Animals and Drugs 67 
3.1.2 Chronic Social Defeat Stress Paradigm 67 
3.1.3 Social Interaction Test 68 
3.1.4 Novel object recognition test 68 
3.1.5 Statistical analysis 69 

3.2 Results (Part III) 69 
3.2.1 Chronic Social Defeat Stress induced body weight gain and increased 
food consumption in OEA or VEH treated mice compared to controls 69 
3.2.2 Oleoylethanolamide reduces social avoidance induced by social 
defeat stress 69 
3.2.3 Oleoylethanolamide improves the performance in the object 
recognition test of WT stressed mice, but not of HDC-KO mice 70 
3.2.4 CSDS did not affect motility of mice tested in the open field 70 

3.3 Summary of the Results (Part III) 70 

2.2.1	Oleoylethanolamide systemic administration exerts 
antidepressantlike effect by recruiting histaminergic 
neurotransmission� 63

2.2.2	OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in HDC-KO mice� 64

2.2.3	Oleoylethanolamide systemic administration reduced 
immobility time by targeting PPAR-α� 64

2.2.4	OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in PPAR-alpha KO mice� 64

10 
 

1.2.3 Antagonism of histamine H1 and H2 receptors prevents OEA-induced 
freezing enhancement 58 

1.3 Summary of Results (Part I) 58	
  
 
Part II  
Oleoylethanolamide Induces Antidepressant-Related Responses By 
Targeting PPAR-α And Recruiting The Histaminergic Neurotransmissio 61 

2.1 Materials and Methods 61 
2.1.1 Animals and Drugs 61 
2.1.2 Behavioral Experiments 61 
2.1.2.1 Tail Suspension Test (TST) 61 
2.1.2.2 Open Field test 62 
2.1.3 Neurochemical experiments 62 
2.1.3.1 Western Blot analysis 62 
2.1.4 Statistical Analysis 63 

2.2 Results 63 
2.2.1 Oleoylethanolamide systemic administration exerts antidepressant-
like effect by recruiting histaminergic neurotransmission 63 
2.2.2 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in HDC-KO mice 64 
2.2.3 Oleoylethanolamide systemic administration reduced immobility time 
by targeting PPAR-α 64 
2.2.4 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in PPAR-alpha KO mice 64 
2.2.5 General motility 65 

2.3 Summary of the Results (Part II) 65	
  
 
Part III  
Histaminergic Involvement In Oleoylethanolamide Protection On The 
Cognitive Decline Induced By Chronic Social Stress In Mice 67 

3.1 Materials and Methods 67 
3.1.1 Animals and Drugs 67 
3.1.2 Chronic Social Defeat Stress Paradigm 67 
3.1.3 Social Interaction Test 68 
3.1.4 Novel object recognition test 68 
3.1.5 Statistical analysis 69 

3.2 Results (Part III) 69 
3.2.1 Chronic Social Defeat Stress induced body weight gain and increased 
food consumption in OEA or VEH treated mice compared to controls 69 
3.2.2 Oleoylethanolamide reduces social avoidance induced by social 
defeat stress 69 
3.2.3 Oleoylethanolamide improves the performance in the object 
recognition test of WT stressed mice, but not of HDC-KO mice 70 
3.2.4 CSDS did not affect motility of mice tested in the open field 70 

3.3 Summary of the Results (Part III) 70 

Histaminergic Involvement In Oleoylethanolamide Protection On 
The Cognitive Decline Induced By Chronic Social Stress In Mice� 67

10 
 

1.2.3 Antagonism of histamine H1 and H2 receptors prevents OEA-induced 
freezing enhancement 58 

1.3 Summary of Results (Part I) 58	
  
 
Part II  
Oleoylethanolamide Induces Antidepressant-Related Responses By 
Targeting PPAR-α And Recruiting The Histaminergic Neurotransmissio 61 

2.1 Materials and Methods 61 
2.1.1 Animals and Drugs 61 
2.1.2 Behavioral Experiments 61 
2.1.2.1 Tail Suspension Test (TST) 61 
2.1.2.2 Open Field test 62 
2.1.3 Neurochemical experiments 62 
2.1.3.1 Western Blot analysis 62 
2.1.4 Statistical Analysis 63 

2.2 Results 63 
2.2.1 Oleoylethanolamide systemic administration exerts antidepressant-
like effect by recruiting histaminergic neurotransmission 63 
2.2.2 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in HDC-KO mice 64 
2.2.3 Oleoylethanolamide systemic administration reduced immobility time 
by targeting PPAR-α 64 
2.2.4 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in PPAR-alpha KO mice 64 
2.2.5 General motility 65 

2.3 Summary of the Results (Part II) 65	
  
 
Part III  
Histaminergic Involvement In Oleoylethanolamide Protection On The 
Cognitive Decline Induced By Chronic Social Stress In Mice 67 

3.1 Materials and Methods 67 
3.1.1 Animals and Drugs 67 
3.1.2 Chronic Social Defeat Stress Paradigm 67 
3.1.3 Social Interaction Test 68 
3.1.4 Novel object recognition test 68 
3.1.5 Statistical analysis 69 

3.2 Results (Part III) 69 
3.2.1 Chronic Social Defeat Stress induced body weight gain and increased 
food consumption in OEA or VEH treated mice compared to controls 69 
3.2.2 Oleoylethanolamide reduces social avoidance induced by social 
defeat stress 69 
3.2.3 Oleoylethanolamide improves the performance in the object 
recognition test of WT stressed mice, but not of HDC-KO mice 70 
3.2.4 CSDS did not affect motility of mice tested in the open field 70 

3.3 Summary of the Results (Part III) 70 

3.2.1 Chronic Social Defeat Stress induced body weight gain and 
increased food consumption in OEA or VEH treated mice 
compared to controls� 69

3.2.2 Oleoylethanolamide reduces social avoidance induced by 
social defeat stress� 69

3.2.3 Oleoylethanolamide improves the performance in the 
object recognition test of WT stressed mice, but not of 
HDC-KO mice� 70

10 
 

1.2.3 Antagonism of histamine H1 and H2 receptors prevents OEA-induced 
freezing enhancement 58 

1.3 Summary of Results (Part I) 58	
  
 
Part II  
Oleoylethanolamide Induces Antidepressant-Related Responses By 
Targeting PPAR-α And Recruiting The Histaminergic Neurotransmissio 61 

2.1 Materials and Methods 61 
2.1.1 Animals and Drugs 61 
2.1.2 Behavioral Experiments 61 
2.1.2.1 Tail Suspension Test (TST) 61 
2.1.2.2 Open Field test 62 
2.1.3 Neurochemical experiments 62 
2.1.3.1 Western Blot analysis 62 
2.1.4 Statistical Analysis 63 

2.2 Results 63 
2.2.1 Oleoylethanolamide systemic administration exerts antidepressant-
like effect by recruiting histaminergic neurotransmission 63 
2.2.2 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in HDC-KO mice 64 
2.2.3 Oleoylethanolamide systemic administration reduced immobility time 
by targeting PPAR-α 64 
2.2.4 OEA-induced increase in cortical and hippocampal CREB 
phosphorylation is reduced in PPAR-alpha KO mice 64 
2.2.5 General motility 65 

2.3 Summary of the Results (Part II) 65	
  
 
Part III  
Histaminergic Involvement In Oleoylethanolamide Protection On The 
Cognitive Decline Induced By Chronic Social Stress In Mice 67 

3.1 Materials and Methods 67 
3.1.1 Animals and Drugs 67 
3.1.2 Chronic Social Defeat Stress Paradigm 67 
3.1.3 Social Interaction Test 68 
3.1.4 Novel object recognition test 68 
3.1.5 Statistical analysis 69 

3.2 Results (Part III) 69 
3.2.1 Chronic Social Defeat Stress induced body weight gain and increased 
food consumption in OEA or VEH treated mice compared to controls 69 
3.2.2 Oleoylethanolamide reduces social avoidance induced by social 
defeat stress 69 
3.2.3 Oleoylethanolamide improves the performance in the object 
recognition test of WT stressed mice, but not of HDC-KO mice 70 
3.2.4 CSDS did not affect motility of mice tested in the open field 70 

3.3 Summary of the Results (Part III) 70 



Histaminergic neurotransmission as a gateway for the effects of Oleoylethanolamide

1011 
 

Conclusions And Discussion 73 

References 75 

Figures 107 

10

 

11 
 

Abstract 

The first description of histamine dates back to Sir Henry Dale and co-workers 
(Dale HH, 1910; Kwiatkowski, 1941) who detected its presence and biological activ-
ity. Dale and colleagues by studying the effect of ergot extracts, identified histamine 
as stimulant of smooth muscle in the gut and respiratory tract by induction of vasodi-
latation. Simultaneously, at the beginning of XX century, the stimulation of acid se-
cretion in the stomach caused by histamine was also recognized. During the first 20 
years after these discoveries other important histaminergic actions were defined. 
Lewis and Grant (LEWIS T.,   1924) headlines: Vascular reaction of the skin to injury. 
The liberation of a histamine-like substance in injured skin: the underlying cause of 
factitious urticarial and of wheals produced by burning, and observation upon the 
nervous control of skin reactions. With this discovery was defined for the first time 
what will be then call “triple response of Lewis”. The rapid developments of these 
years soon ceased, however, and despite continuous efforts and considerable improve-
ments in the available technical facilities the experimental data since presented to 
show that histamine participates in physiological processes appear to be inconclusive. 
The presence of histamine in the brain, predominantly in the grey matter, was first 
shown by Kwiatkowski(Kwiatkowski, 1941), and White (WHITE, 1959) but in 
1960’s with the introduction of fluorimetric assay that disclosed the anatomical iden-
tity of the catecholamine containing neurons and their projections, histamine was ini-
tially neglected because the assay failed to determine the location of histamine in the 
brain. This was because the reagents that were used to detect this diamine cross-re-
acted with spermidine — a uniformly distributed polyamine that occurs at high con-
centrations (Haas and Panula, 2003). But circumstantial evidence began to accumulate 
for a significant role for histamine, and lesion studies by the Schwartz group, in 1974, 
pointed to the approximate location of a brain source of histamine (Garbarg et al., 
1974). Later, two different and parallel discoveries brought to a general acceptance of 
the existence of central histaminergic system. Panula and colleagues and Watanabe 
and co-workers in 1984 independently demonstrated by means of immunohistochem-
istry that the tuberomamillary nucleus (TMN) in the posterior hypothalamus, is the 
only source of histaminergic neurons and the origin of the widely distributed hista-
minergic projections just like the other amine systems (Panula et al., 1984; Takeda et 
al., 1984). It is now clear that the histaminergic TM system commands general states 
of metabolism like satiety and appetite, arousal, and of consciousness, including learn-
ing and memorizing both pleasurable and aversive events. 

In my thesis, I will provide evidence that in the brain histaminergic system con-
verge peripheral and central signals and orchestrates appropriate behavioural re-
sponses. In particular, I will present results that strongly suggest the involvement of 


