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    Dementia  
      1. Memory 
      2. Abstract thinking 
      3. Judgement 
      4. High cognitive functions 
  

BPSD Behavioral and Psychological sympthoms of dementia 

           Agitation, aggressive, psychosis, anxiety  

                       Apathy 

           5-15% AD + major depression  

           20-40% AD + illusions and hallucinations 

           Sundowning behavior 

The other patient  
A complex clinical history 

“Living with dementia” 

by Social Care Institute for Excellence 

http://www.scie.org.uk/ 

https://youtu.be/loksPQ7Q8tM 
Minute 3.19 to 6.15 

Living with Dementia 

https://youtu.be/loksPQ7Q8tM




The thief of memory 
Il ladro di memoria 

 

The Umbrella 
effect 

Giménez-Llort, 2014 



PSYCHOGERIATRIC  MULTIDIMENTIONAL DINAMIC EVALUATION 
CLINICAL                      FUNCTIONAL             MENTAL                           SOCIAL 

biomedical,  

biopsicosocial   

 daily life activities  neurocognitive , BPSD family, caregivers,others 



Translational Behavioral 
Neuroscience Group 

Mikel   Daniela    Me        Lidia   Aida 

Lidia  Daniela   Daniel     Me          Juan 



« from the experimental platform to the hospital bed » 
Science, 1992 
 
                                          « transformation medicine » 
                                          Lancet, 1995 



 
New York, June 
19-July 22, 1946 



Gender 

Medicine 
The Medicine of the  

Third Millennium 
 

Gender Medicine: a task for the third millennium 

Baggio, Giovanella et al. Clin Chem Lab Med, 2013, 51:713-27 

Decade of Healthy Aging  
  (2020-2030) 



Translational Behavioral 
Neuroscience Group 

•  Cycle of life · Function and dysf(x) · Onset /monitoring/ EoL 

• Comprehensive behavioral phenotype characterization 

• Validation of models of disease 

• Behavioral tools: Rethinking/ Refinement/ Repurposing 

• Pre-clinical proof-of-concept / screening  



Life cycle 
age/aging 
Intergenerational 

Continuum 
Longitudinal vs transversal 



Premorbid, Prodromal     
Giménez-Llort et al., Current Pharmaceutical Design, 2014 



Scuola de la  

Differenza 

False 

NEGATIVE 

Dose/ Effectivity 

RESPONSE 

Windows of 

OBSERVATION 

4 

IN RELAZIONE: PERCHE’?  
BIOETICA, BIOPOLITICA E TANATOPOLITICA,  
XIII EDIZ. SCUOLA ESTIVA DELLA 
DIFFERENZA 2015 
Marisa Forcina, Usalento________________ 
Giochi e contatto fisico nei topi con Alzheimer 
Lydia Giménez-Llort 



How diseases 

differ 

between men and women 

 in terms of  

Prevention 
clinical signs,  

therapeutic 
approach 

prognosis,  

psychological and social 

impact 
LG2018 



Environmental hazards  
Psychiatric and  

neurological disorders 

Windows 
Task 
demands 
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PER ESSERE RAGAZZA 



D-gal monosaccharide abundant milk products, fruits, vegetals 
Chronic systemic D-gal – Accelerated aging – ROS AGEproducts 
 
Comprehensive & multifunctional behavioral screening  
Convergent validity 
L50 H100 mg/kg 58d MF6mo 
 
M Sensory impairment 
    Immunoendocrine senescence 
    L50 Improved L&M RT, H100 L&M MWM 
 
F dose-dependent worse L (RT), but improved M (MWM) 
 
Different neuronal substrates / functional capacity / 
to meet task dependent performance demands 

 

Males and Females can be regarded as two 
exceptional natural scenarios to study the 
functional interplay in the crosstalk of homeostatic 
networks at aging 
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Behavioral  Neuroscience  

  Validation (Guideliness) 

 What about normal? Control WT? 

  Test - Screening and validation of the model 

  Face V., Predictive V., Construct V. Convergent V. 

 From unidimentional to Tridimentional: Cognitive + BPSD + DLA 

     and to multidimensional: Motor + Sensorial + Social 

  Translational, Longitudinal 

  Gender dependent 

 

 

  Life events +  Life style (‘Dementia beyond drugs’) 

  External interventions (Pharmacol, Immunological, others) 

 

  Prevention +  Therapeutics 

 

 

Ademuz, 1968 



The complexity  
of  the therapeutical strategies 

 

 

 

 

The unique 

The best 

The exclusive one 

  

 

 

 

 
Cognition & Memory  
 Cholinergic deficits 

 
Behavioral Alterations   

 Neurotransmitters 
 

Neuroprotection & Regeneration  
 Glutamate antagonists 

 Genetic Strategies  
     Growth Factors 

BPSD Clusters 

One hallmark  



Toronto, Ontario, Canada 



Animal models for Psychiatric and Neurologic disorders         



 

Levels of Study 

Basic  

Research 

  

 



N

E O

S

Learning and Memory deficitsLearning and Memory deficits

Morris WaterMorris Water--mazemaze
((trials of trials of 60 60 secondsseconds, , 

spacedspaced 15 15 minmin apartapart))

Animal models of  
Psychiatric and Neurological disorders 



The model: 
Who ? 
What? 
When? 



Oddo et al.  Frank M. LaFerla  

University of California Irvine 

Triple-transgenic of Alzheimer’s 
disease with plaques and tangles: 
Intracellular AB and synaptic 
dysfunction. 

Neuron 2003; 39: 409-421 

3xTgAD  

PSD M164V 

APP Swe 

tau P301L 

3xTgAD BA PHF Gliosi 

Def.LTP Def.L&M Def.fEPSP Def.a7nAChR 



AT8: Ser202 

3xTgAD 

BA 

PHF 

N

E O

S

Learning and Memory deficitsLearning and Memory deficits

Morris WaterMorris Water--mazemaze
((trials of trials of 60 60 secondsseconds, , 

spacedspaced 15 15 minmin apartapart))

PS1M146V, APPSwe and tauP301L transgenes 



Convergent 
Validity 
 

Rethinking 
Refinement 



Giménez-Llort et al., 2014 Ann N Y Acad Sci. 2012 





  Biological  / 
Chronological    

Correlates 



Mortality rates  ·   Survival 
bias  



As shown in most behavioral variables, behavioral performances were strongly dependent on age. 
 
Genotypes differed in their horizontal and vertical activities, thigmotaxis, coping with stress 
strategies, working memory, and frailty index.  
 
Sex effect was predominantly observed in a classical emotional variable and physical status,                 
but also the horizontal and vertical activity in the test of neophobia and the open field.  

Behavioral Tests and Variables G A S GxA GxS A×S GxAxS 

Corner test (CT)   
 

 
    

Total visited corners * ** ** - - - - 
Total numbers of rearings - - - - - - * 

Latency of rearing (s) - - - - - - - 

Open field test (OF)  
 

 
    

Freezing- Latency of first movement (s) - * - - - * - 
Latency to exit the center (s) - - - - - - - 

Latency to entering the peripheral ring (s) - *** - - - ** - 

Latency of rearing (s) *** *** - - - ** - 
Latency of self-grooming (s) - - - - - * - 

Total horizontal activity (n crossings) * *** - - - - - 
“in the center (n crossings) - * * - - - - 

“in the periphery (n crossings) * *** - - - - - 

Total vertical activity (n of rearings) * *** * - - - - 
Gait analysis- Total number of pauses  - *** - - - - - 

Gait analysis- Mean number of crossings *** * - - - - - 
Defecation (n) * - - - - - - 
Urination (%) - - *** - - - - 

Context and object recognition tests  
 

 
    

OF2- Freezing- Latency of first movement (s) - *** - - - * - 
OF2- Latency to exit the center (s) *** *** - - - * - 

OF2- Latency to entering the peripheral ring(s) *** *** - - - - - 
OF2- Latency of rearing (s) * ** - - - * - 

OF2- Latency of self-grooming (s) - - - - - * - 
OF2- Total horizontal activity * * - - - - - 

OF2- “in the center (n of crossings) * - - - - - - 
OF2- “in the periphery (n of crossings) - * - - - - - 

OF2- Total vertical activity (n of rearings) - * - - - * - 

OF2- Urination (%) - - *** - - - - 
OR Sample trial- Time exploring object (s) - * - - - - - 

OR-Sample trial- Time to reach the criteria (s) - - - - - - * 
OR- Test trial- Object latency (s) * - - - - - ** 

Marble test (MB)  
 

 
    

Intact (n) - * - - *** - - 
Buried (n) - *** - - * - - 

Spontaneous alternation in the T-Maze test  
 

 
    

 Latency of first movement (s) - *** - * - - - 
Latency to cross the intersection (s) - * * - - - - 

Total time to complete the test (s) - - - - - - - 
Total number of errors (n) * ** - - - - - 

T-Maze test        
 Latency of first movement (s) * - - - - - - 

Test trial- Latency to cross the intersection (s) ** - - - - - - 

Test trial- time to complete the test (s) ** - - - - - - 

Morris water maze test (MWM)        
Escape latency - CUE - - - - - - - 
Escape latency - PT1 - - - - - - - 
Escape latency - PT2 - - - - - - - 

Escape latency - PT3 ** ** - - - - - 
Escape latency - PT4 * *** - - - - - 

Distance - CUE - - * - - - - 
Distance - PT1 - - - - - - - 
Distance - PT2 - - - - - - - 

Distance - PT3 - ** - - - - - 
Distance - PT4 - *** - - - - - 

Swimming speed - CUE *** *** - ** - - * 
Swimming speed - PT1 *** ** - - - - - 
Swimming speed - PT2 ** ** - - - - - 

Swimming speed - PT3 - *** - - - - - 
Swimming speed - PT4 * ** - - - - * 

Probe trial- Opposite quadrant distance (m) - *** - - * - - 
Probe trial- Target quadrant distance (m) * - - - - - * 

Probe trial- Latency to platform (s) * - - - - - - 

Physical status        
Body Weight (g)  - *** *** - - * - 

Frailty index *** *** * - - - - 

 

SOCIAL ISOLATION IMPACT ON 3xTg-AD 

OPEN FIELD TEST

B)

A) 

MARBLE TEST
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Rethinking 
Repurposing 
Refinement 



DOI: 10.3390/biomedicines10050973 

Males             Females 

Motor learning and Physical Endurance - Rotarod 

Rethinking 
Repurposing 
Refinement 



Rethinking 
Repurposing 
Refinement 



Gait and Bizarre gait patterns 

Gait patterns and trajectory (A), (B) 
 
“Circling” bizarre gait pattern (C) 

A 

B 

C 

Castillo-Mariqueo L, Pérez-García MJ, Giménez-Llort L. 
Modeling Functional Limitations, Gait Impairments, and 

Muscle Pathology in Alzheimer's Disease: Studies in the 3xTg-
AD Mice. Biomedicines. 2021;9(10):1365. Published 2021 Oct 1. 

doi:10.3390/biomedicines9101365 

Refinement 



Kyphosis and Hindlimb clasping 

Structural Kyphosis: (A) Sagittal plane lateral view; (B) Front plane rear view; (C) Transverse 
plane top view. 

A B C 

Hindlimb clasping: 
(D) normal response, 
(E) moderate 
response, and (F) 
severe response 

Castillo-Mariqueo L, Giménez-Llort L. Clasping, ledge-score coordination and early gait impairments as primary behavioural 
markers of functional impairment in Alzheimer's disease. Behav Brain Res. 2022;435:114054. doi:10.1016/j.bbr.2022.114054 

D E F 

Refinement 



Experimental research 

• Signs of physical frailty accompany functional deterioration in 
these animals. 

Castillo-Mariqueo - DOI: 10.3390/biomedicines9101365 

• The hindlimb clasping reflex is 
also a primary impairment 
indicating worsening AD 
symptomatology, present in 3xTg-
AD mice regardless of age. 

Modelling Functional Limitations, Gait Impairments, and Muscle Pathology 



Refinement: Who and 
When 





Long-term Treatment with Low-Dose Caffeine Worsens BPSD-Like 

Profile in                 3xTg-AD Mice Model of Alzheimer’s Disease and 

Affects Mice with Normal Aging 
An exacerbation of BPSD-like symptoms may partly interfere with the beneficial 
cognitive effects of caffeine.  
 

Front. Pharmacol.,15 Volume 9 - 2018  https://doi.org/10.3389/fphar.2018.00079 



 
• Significant effects on most 

behavioral variables, especially 
those related to neophobia and 
other  anxiety-like behaviors, 
emotionality, and cognitive 
flexibility.  
 

• The 3xTg-AD and NTg mice were 
differently influenced by caffeine.  
 

• Overall, the increase of neophobia 
and other  anxiety-related 
behaviors resulted in an 
exacerbation of BPSD-like profile                       
in 3xTg-AD mice. 
 

• Circadian motor activity showed 
genotype differences, which were 
found to be enhanced by caffeine.  
 



• Learning and memory, 
strongly influenced by 
anxiety in 3xTg-AD mice, 
got little benefit from 
caffeine, only shown 
after a detailed analysis 
of navigation strategies.  
 

• The worsened pattern in 
NTg mice and the use of 
search strategies in 3xTg-
AD mice make both 
groups more similar.  
 

• Caffeine normalized 
splenomegaly of 3xTg-
AD mice but increased 
corticosterone levels. 
 





Nesting 

Deacon  
Nesting Score 

(Cotton, 24h, 1-5)  



Nesting Behavior 



NEONATAL HANDLING 

SELENIUM SOCIAL ISOLATION 



CA1 

 Cx 



Brothers 
Sisters 











Grazie! 


