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The other patient

A complex clinical history LiVing With Deme
L

3. Judgement
4. High cognitive functions

Alzheimer’s Sundown Syndrome — awake all night

by howard251a https://voutu.be/9Akltgzv 00
Min 0.14 to 1:42, 5:40 to end

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

“LiVing Wlth dementia” https://youtu.be/loksPQ7Q8tM
by Social Care Institute for Excellence
http://www.scie.org.uk/
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Ejercicios
para POTENCIAR
la MEMORIA

de los enfermos

de ALZHEIMER

Nuestro objetivo

Queremos animar a todo aquel que lo necesite a que utilice este manual de ayuda.
Lo mas importante es conseguir que las capacidades cognitivas se preserven
durante el mayor tiempo posible, enlentecer el curso rapido de la enfermedad,
y potenciar la relacion del enfermo con su medio, intentando hacer mas facil

llevadero el largo camino que supone el padecer algin tipo de demencia.

Pedro Gil, Raquel Yubero, Llanos Mordn.
Unidad de Memoria. Servicio de Geriatria
Hospital Universitario San Carlos (Madrid)

ief of ory
ro di memoria

PARA LA MEMORIA
J3=ElHI0E TS emmerrerreormormomrereerseor oo

PARA MANTENER LA ATENCION
EJERCICI

GNOSIAS:
1.1. PERCEPCION del COLOR: Ejercicio 11.
1.2. PERCEPCION de las FORMAS: Ejercicio 12.
1.3. CARAS: Ejercicio 13 .. PAGL 3

PRAXIAS:
1.1. Movimientos: Ejercicio 14, 15

1.2. Constructivas (dibujos): Ej

LENGUAJE:
1.1. Comprension: EJercicio 17.......ccoivvincincinenennn Pag. 43
1.2. Escritura: Ejercicio 18 ..o Pig, 44
1.3, Lectura: Ejercicio 19.....vvniimeinsiisssesennsssnsismnissnsienss. PG, 46

1.4. Fluidez verbal: Ejercicio 20 ........ccccoeviiveniiincincnnn. . Pag. 4

FUNCIONES EJECUTIVAS:
Estimacidn del tiempo: Ejercici
Razonamiento: Ejercicio

Resolucion de problemas: Eje

J \ J

The Umbrella
effect

Giménez-Llort, 2014
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PSYCHOGERIATRIC MULTIDIMENTIONAL DINAMIC EVALUATION
CLINICAL FUNCTIONAL MENTAL SOCIAL

daily life activities J neurocognitive , BPSD family, caregivers,others

biomedical,

biopsicosocial
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Translational Medicine U —

Translational medicine defined by the term “from bench to beside” refers to the transfer of results or new
knowledge achieved in the laboratory toward health innovation. Neoplasm, Combination Therapy,
From: Substance Use and Addiction Research, 2023 Clinical Trial,

Therapeutic Procedure,

Translational Research, Tissues,
Stem Cell, Biological Marker,
Malignant Neoplasm,

Chemotherapeutic Agent

View all Topics >

« from the experimental platform to the hospital bed »
Science, 1992

« transformation medicine »
Lancet, 1995
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- 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




lllness -~

Emerging ' S') f" QF) Brain regions

Hypothalamus- sistal changes
Autism Peripheral + Fetal Social in methylaton status of CRF

[
vasodilation onergy behavior and GR (male R).
Spectmm {H) {H) (HR) Hippocampus- proximal changes
Disorder Risk of Rk of Anhadona (R) NMDAGABAA (formale R)
stilbirth premature dstal changes NMDA/GABAA
(H) berth(H) Passve coping (R} Passive coping R)  (both sexes-R).

Attention Newrcnal atrophy CAN2 (male R),
Deficit Fetal ondiioned place _LCW'“’"N place  CA1CA3 (female R)
growth | pres (R} (R} Neocortex-distal increase in GR
Disorder (H) Paired pis

Spabal leaming (R)  binding (female R), distal decrease
inhibition (H/R) ¢
CRF Amygdala- distal e%act of higher
Irmunoresctivity (R) GR binding in adulthood F>M (R).

@
) Hypothalamus- procomal and
Autism N o i CORT tevals dstal decraase in CRF mRNA
Spectrum ';::m"" = (mate R}, proximal decresse of
Disorder b A CRF binding (both sexes R)

*"‘"‘“(”““) dacrease in CRF mRNA CA1/DG

in binding {(male R).

Attention Matermnat (both sexes R), distal CA1

¢ care (R) dendvitic atrophy, CA3 mossy fber d
Deficit ° y & D & . reduced LTP. norease

Disorder conduct disorders (H) | anxiety (H) of CRF receptor expression g G )

i ntergenerationa -
p Neocortex- distal increase in
e A ) corelation between bicod OTX
fﬁmm {HR} + Weight gain (R) ;mw Fisresse "‘C — Environmental

Cognitive Condmoned cingulste (both ”"‘“:I)IE)LPFC
P et (R increase n activation .
it el by tryprophan dapletion post Social

[ ]
menopause (femade H), increase
n connectivity betasan ACC and
POA, PAG, thalamus, M1 during
early lactaton (female R}

Amygdala- larger structure,
stronger activation by threatening

T S Longitudinal vs transversal

af rauma (H) Y
m e
o e e
rs cues (| Noocortex- peoximal e iy . - .
o wamscrplionsl sex difierences The forces of vulnerability and resilience can push an individual towards disease or health
Posttraumatic roroiior e :
Stress Disorder : Gt 5 - and dopaming pathway genes in . . . . . . .
SR 1o el & W o g ok Vulnerability and resilience involve genetic, environmental and social forces.
0 strass (R) decrease atostati
& sy f"""“m) posossc eyl opinst
st
Tlmmf *mmd m"' mﬂmﬁmmm
in fematas but not males (R). ~clini Clinical
Pt i romse oy A proimal vamscripioisex Pre-clinical
controls (H & R), dacrease in
E!«(M.IMR) 86X
w:‘ﬁz Stress innoculation Post-stress
5tress (dapression (HR) Length of stress exposure nurturing environment
) 2 Sense of control
i ?m.w sleep and vasomotor In insuin and melanocaring Genetic sex
demanba {H) difficuties (H) recepior axprassion (female R) Hormonal sex
Alzheimer's CORT resporse Hipp g Epigenetic
Disease to stress (H) '““wdw"‘ mechanisms
Imp:act of pmlea (R4 HPA response
stress on verbel dacrease in cedl prolifaration
mesmncry (H) compared 10 young femaks (R)
+ Yemporal Ttmd
Tellowing stress (R) following acute stress (R)

.\‘ A wegntioss ®)

Memary impaimeant
after chronic stress (R)




Premorbid, Prodromal

Normal age-related cognitive decline
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Pre-morhid Onset Early Middle Advanced

Stages of Alzheimer’s disease

=  Cognitive function
Pathological load

Time
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Environmental Toxicology and Pharmacology 00 (2000) 000000

Prenatal exposure to methylmercury changes dopamine-modulated
motor activity during early ontogeny: age and gender-dependent
effects
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Windows
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L. Giménez-Llort *, E. Ahlbom ., E. Daré®, M. Vahter ¢, S.-O. Ogren . S. Ceccatelli ‘gmgnd's
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Table 1 'g 10 US13564
Effect of MeHg exposure on body weight (g) of animals at PNDI4 8
and 21* 5
Control Treated O 20 40 60 85
Time {min)

PND 14 C. Rearing
Male 3422+ 1.72 33,92+ 1.12
Female 3310 - 1.70 3320 ¢+ 1.07
PND 21
Male 54.10 « 2.69 50.78 +2.40
Female 52.35 + 247 52.17 +2.29

* Values are expressed as mean |+ S.EM.
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ORIGINAL RESEARCH ARTICLE
Front Behav Neurosci. 13 February 2019
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Severe Perinatal Hypoxic-Ischemic Brain Injury Induces
Long-Term Sensorimotor Deficits, Anxiety-Like Behaviors
and Cognitive Impairment in a Sex-, Age- and Task-
Selective Manner in C57BL/6 Mice but Can Be Modulated
by Neonatal Handling

@i Aida Muntsant Kalpana Shrivastava®®,  Mireia
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BEHAVIORAL DOMAINS TESTS Male Male Female Female ff t ffect 9

pnozs pnD23 _ PnD7o | €TTEC efec
SENSORIMOTOR
Reflexes Reflex test 4 ¥ -
Equilibrium Wire rod test v 4
Prehensility Hanger test v v
Paw preference Cylinder test v 4 ¥
LOCOMOTOR
Locomotor activity Motor activity test v 4 4
Vertical activity Open field v 4 <
NEUROPSHYCHIATRIC-LIKE
Anxiety Open field, Dark-light 4 v
Neophobia Corner test ¥ v
Emotionality T-maze f
COGNITIVE
Working memory T-maze
Memory Morris water maze 4 v v
Acquisition tasks Morris water maze L] v
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Original Article

Sexual Dimorphism in the Behavioral Responses and the
Immunoendocrine Status in d-Galactose-Induced Aging
Raquel Baeta-Corral, PhD,'? Rafael Castro-Fuentes, PhD,? and Lydia Giménez-Llort, PhD?

Translational Behavioral Neuroscience Group, Institute of Neuroscience and Department of Psychiatry and Forensic Medicine,
Universitat Autinoma de Barcelona, Barcelona, Spain. Department of Basic Medical Sciences, School of Health Sciences, Section
Medicine, University of La Laguna, Tenerife, Spain.

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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Sex and Gender-Medicine

in Low-to-Middle-Income
Countries:

Diabetes-Dementia Storme» Tt ¥}
in sub-Saharan Africa |

Lydia Gimenez-Llort, José Prieto-Pino
Faeren Dogoh, Monday Ogiator,
Efosa K. Oghagbon







Behavioral Neuroscience

v" Validation (Guideliness)

v What about normal? Control WT?

v’ Test - Screening and validation of the model

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

v From unidimentional to Tridimentional: Cognitive + BPSD + DLA
and to multidimensional: Motor + Sensorial + Social

v’ Translational, Longitudinal

v' Gender dependent

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

v' External interventions (Pharmacol, Immunological, others)

v Prevention + Therapeutics




The complexity
of the therapeutical strategies

LS

Cognition & Memory
Cholinergic deficits

The unique
The best

The exclusive one

J

Behavioral Alterations
Neurotransmitters

Neuroprotection & Regeneration

Glutamate antagonists
BPSD Clusters Genetic Strategies
Growth Factors




Cognitive Dysfunction Syndrome
A Disease of Canine and Feline Brain Aging

Gary M. Landsberg, o * Jeff Nichol, v

Joseph A. Araujo, s> EN

KEYWORDS ST WYl A

N .

¢ Cognitive dysfunction syndrome ¢ Brain aging ¢ Behavior ¢ Canine ¢ Feline

KEY POINTS

* Brain aging is a degenerative process that for many dogs and cats ultimately progresses
to a loss of one or more cognitive domains or impairment of cognitive function.

* Diagnosis of cognitive dysfunction syndrome (CDS) is based on recognition of behavioral
signs and exclusion of other medical conditions and drug side effects, which in some
cases can mimic or complicate CDS.

¢ Clinical categories include disorientation, alterations in social interactions, sleep-wake
cycles, elimination habits, and activity, as well as increasing anxiety. Deficits in learning
and memory have also been well documented.

¢ Treatment is aimed at slowing the advancement of neuronal damage and cell death and
improving clinical signs. Drugs, diet, and supplements can be used alone or concurrently
to improve neurotransmission and reduce oxidative damage and inflammation.

Table 1
CDS checklist'

Signs: DISHAAL

Age First Noticed

Score 0-3?

D: Disorientation/Confusion—Awareness—Spatial orientation
Gets stuck or cannot get around objects

Stares blankly at walls or floor

Decreased recognition of familiar people/pets

Goes to wrong side of door; walks into door/walls

Drops food/cannot find

Decreased response to auditory or visual stimuli

Increased reactivity to auditory or visual stimuli (barking)

I: Interactions—Social Relationships

Decreased interest in petting/avoids contact

Decreased greeting behavior

In need of constant contact, overdependent, "clingy”

Altered relationships other pets—less social/irritable/aggressive
Altered relationships with people—less social/irritable/aggressive

S: Sleep-Wake Cycles; Reversed Day/Night Schedule
Restless sleep/waking at nights
Increased daytime sleep

H: Housesoiling (Learning and Memory)

Indoor elimination at sites previously trained
Decrease/loss of signaling

Goes outdoors, then returns indoors and eliminates
Elimination in crate or sleeping area

A: Activity—Increased/Repetitive
Pacing/wanders aimlessly

Snaps at air/licks air

Licking owners/household objects

Increased appetite (eats quicker or more food)

A: Activity—Apathy/Depressed
Decreased interest in food/treats
Decreased exploration/activity/play

Decreased self-care (hygiene)

A: Anxiety

Vocalization, restlessness/agitation

Anxiety, fear/phobia to auditory or visual stimuli
Anxiety, fear/phobia of places (surfaces, locations)
Anxiety/fear of people

Separation anxiety

L: Learning and Memory—Work, Tasks, Commands
Decreased ability to perform learned tasks, commands
Decreased responsiveness to familiar commands and tricks

Inability/slow to learn new tasks

2Score: 0 = none; 1 = mild; 2 = moderate; 3 = severe.

Adapted from Landsberg GM, Hunthausen W, Ackerman L. The effects of aging on the behavior of
senior pets. Handbook of behavior problems of the dog and cat. 2nd edition. Philadelphia: WB
Saunders; 2003. p. 273; with permission.
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Animal models of
Psychiatric and Neurological disorders




Seleccion psicogenética

Avoidance response

2-way Shuttle box

Roman rats
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Review

Modeling behavioral and neuronal symptoms of Alzheimer’s discase
in mice: A role for intraneuronal amyloid

L. Giménez-Llort™*, G. Blazquez®, T. Cafiete”, B. Johansson™, §. Oddo”, A. Tobena®,
F.M. LaFerlad, A. Femandez-Teruel®

“Medical Pychology Unit, Depariment of Pohiatne and Forensic Medicine, School of Medicine, fnstitute of Newroscience,
Autonamone University of Barcelona, 08593 Bellaterm, Bareeloe, Spain
EDepariment of Newoscience, Karobnska fnstiuter, K CMM LS008, SE-§7F 76 Stockhalpg, USA
EDepariment af Clinial Neroscince, Karolinka Inctitces, K8 CMM LS00, SE-ITT 76 Stockhobin, Sweden
L hepariment af Newobhislogy and Behavior, University of Californiay frvine, CA4 S2A074545 US4

Abstract

The amylowd Afl-peptde (A & suspected to play a critical role in the cascade leading to AD as the pathogen that capses nenronal and
synaptie dysiinction and, eventoally, cell death. Therelore, it has been the subject of a hoge number of clinical and basic research stodies
on this discase, Afis vypically found aggregated in extracellular amy loid plagues that occur in specific brain regions enriched in nAChRs
n Alzheimer's disease (AD) and Down syndrome {D5) brains. Advances in the genetics ol its Famihar and sporadic forms, together with
those in gene transler technology, have provided valuable animal models that complement the traditional cholinergic approaches,
although modeling the neuronal and behavioral deficits of AD in these models has been challenging. More recently, emerging evidenos
mdicates that intraneuronal accumulation of Af may also contribute 1o the cascade of nenrodegenerative events and strongly suggest
that it 15 an early, pathological biomarker For the onset of AD and associated cognitive and other behavioral delicits. The present review
covers these studies in humans, min vitro and n ransgenic models, alo providing morne evidence that adolt 3 = Tg-AD mice harboring
PR ygpgeny, APPg ., taipapy transgenes, and mimicking many critical hallmarks o’ AD, show cognitive deficits and other behaviaral
alterations at ages when overt nenropathology is not yet olserved, but when intraneuronal Af synaptic and cholinergic deficits can
already be described.

i 2006 Elsevier Lid, All rights reserved.

Keywords: Intraneuronal amylosd; Anamal model; 3xTgAD mce; Leaming and memory: Neuropsychaatne-like symptoma; Activity: Cincadian thythms;
Emotion; Paychoss
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Behavioral screening of 3xTgAD mice
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Table 1. Temporal course of behavioral changes observed in males and females of a Spanish colony of 3xTg-AD

versus NTg mice

Giménez-Llortetal., 2014 Ann N Y Acad Sci. 2012

Cognition

Stages of neurodegeneration

Behavior |7 N Onset Early Moderate Advanced
paramete By [l:fl d - (2.5 m) stages (4 m) stages (6 m) stages (12 m or more)
Increased sensorimotor function n.s n.s. + ++
BPSD-like symptoms
Emotionality - + ++ +++
Neotfobia n.s. +. n.s. +++
Reduced exploration in ansiogenic places - ++ ++ +++
Anxiety-like behaviors - ++ ++ +++
Hyperactivity n.5. + + ++
Desinhibition n.s. n.a. ++ LS.
Impulsivity n.s. n.a. + +++
Reduced novelty seeking n.s. n.a n.s. n.a.
Dysfunction of startle response n.a. n.a. + n.a
Dysfunction of prepulse inhibition n.a. n.a. + n.a
Cognition
Spatial Working memory deficits n.s. na. + +++
Spatial Short-term memory deficits n.s. n.a. I.s. +++
Spatial Long-term memory deficits n.s. + ++ +++
Instrumental conditioning deficits n.a. n.a. ++ n.a.
Alteration Circadian rhythms n.a. n.a. + +++
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Short Communication

Neophobia, NQOT1 and SIRT1 as premorbid and prodromal indicators
of AD in 3xTg-AD mice

Virginia Torres-Lista®?!, Cristina Parrado-Fernindez “%', Ismael Alvarez-Montén®°?,
Javier Frontifian-Rubio®, Mario Durdn-Prado®¢, Juan Ramén Peinado 9,
Bjorn Johansson®, Francisco Javier Alcain“9+*, Lydia Giménez-Llort®P-#
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Latency of rearing was the first behavioral indicator of premorbid AD (Pm-AD).
Prodromal AD was clearly defined by cognitive deficits at &6 months of age.

High levels of cortical and hippocampal NQO1 were a redox indicator of Pm-AD.
50D1 was changed only in hippocampus at 4 months of age, before prodromal AD.
5IRT1 levels had opposite regional and temporal premorbid/prodromal patterns.




a. NEOPHOBIA

Horizontal activity HA Vertical activity VA

b. ANXIETY LIKE-BEHAVIOF

Blologlcal /
Chroqological;-

Horizontal activity HA

— e mmm m

PERIPHERAL INMUNOLOGICAL SYSTEM

Correlat

Crosstalk between

Behavior and Immune System in AD
Giménez-Llort et al | Current Pharmaceutical Design, 2014

m impairmert in Alzheimers diszase

NERVOUS SYSTEM

P

i zf/ ¥
&

AR plaques (E/
b NFTs

N
+) STRATEGIES

%i Physical exercise

Envromental enrichme

AGING

ALZHEIMER'S
DISEASE

IMMUNE MEDIATORS AND CELLS
SHILLINSNYH LOMNIN

mation &

aress
SPLEEN  geessssess

— A% POSSIBLE MARKER OF
'MMLNEﬁUNCT‘ON Z—)% PROGRESSION OF AD

HOMEOSTASIS

.

HEALTH




NeurofmmunolJodulation
MNeurcimmunomodulation 2008;15:331-243

Dol 10.1159/,00 0156475

Gender-Specific Neuroimmunoendocrine
Aging in a Triple-Transgenic 3xXTg-AD
Mouse Model for Alzheimer’s Disease and
Its Relation with Longevity

lydia Giménez-Llort® Lorena Arranz® lanire Matéb

2Department of Psychiatry and Forensic Medicine, Institute of Neuroscience, Autonomous University of Barcelona,
Bellaterra, and "De partment of Physiclogy (Animal Physiology ), Faculty of Biclogy, Complutense University

of Madrid, Madrid, Spain

Ménica De la Fuenteb

Puldisked anlire: Hovember 26, 2008

Requlatogy sysgems
Mewraimmuno las
Lg,rrphucg,tn fLr-cHnns Nﬁmllzd:hllty

qlbuhnu .

-
- H
E aus
Bshavior =
; ca

S NEW””'F“*"" " g Endocnner,'stern

3y

Agng
B (3=xTgrAD rice)

1““"-\-\_,-", (Gerder differerses)

!

Impairment of regulatory systems

Immune system
Lympheoyta functiore, MK call activiey

e ® @

Impairment of neuroimmunoendocrineg Metwork

»

Funcionas de supardvenci - ~ . Gpokines 1 .
P - . Hea |
10" TIFC % \ £ als
MTag ' Bohavor " contkastarcna
Ei-:TEH.I:I e Mereous system Erdomire system
Iy}
£ L
E | Impairment of homeostasis
a IE . L .
E Increase in morbidity and rmortality
=
= DA 200 4
&
= -
= E
0,24 ® k k 2 1501
I
g 1007
i 2 £
T T T T b
= 1 R g 100,00 120,00 140,00 E so-
Semana =
0 E%%

F M

NTg adult NTg

IxTg-AD

old

Mortality rates - Survival

Discase Repor
00

Survival Curves and Behavioral Profiles
of Female 3xTg-AD Mice Surviving

to 18-Months of Age as Compared

to Mice with Normal Aging
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Impact of Chronic Risperidone Use
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Behavioral Tests and Variables G A S

L Comer lest CT) I As shown in most behavioral variables, behavioral performances were strongly dependent on age.
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Impact of behavioral assessment and re-test as functional trainings that modify
survival, anxiety and functional profile (physical endurance and motor learning) of
old male and female 3xTg-AD mice and NTg mice with normal aging
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Genotype load modulates amyloid burden and anxiety-like

patterns in male 3xTg-AD survivors despite similar
neuro-immunoendocrine, synaptic and cognitive impairments.
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Short report

Marble-burying is enhanced in 3xTg-AD
mice, can be reversed by risperidone and it

is modulable by handling

Virginia Torres-Lista © b, secundino Lépez-Pousa ¢, Lydia Giménez-Llort @ ° L =
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Research report

Bizarre behaviors and risk assessment in 3xTg-AD mice at early stages
of the disease

R. Baeta-Corral®", L. Giménez-Llort =-b-*

* Imstinete of Neurcscience, Universitot Awtanoma de Barcefona, 081932 Befiaterra, Spain
& Department of Psychiafry ond Forensic Medicine. Universitot Awtinama de Borreiona, 081 93 Beflaterra, Spain

@ Crosehark

HIGHLIGHTS

* Bizarre behaviors in 3xTe-AD mice were conspicuous and measurable early-BPSD.
» They consisted in stereotyped-rearing and stretching, backward movements and jumps.  Tahle 1
* Female gender was the most suitable to study bizarre movements and risk assessment.
* Handling reduced bizarre behaviors and freezing whereas potentiabed risk assessment.

Long-term efects of postnatal handling on bizarre behaviors elicited by G-manths-
0l CS7ELJG = 120 and 3xTg-AD Mice in the apen Neld test.

# Besides, handling induced selective effects on locomotor activity and emotionality.
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Refinement

Gait and Bizarre gait patterns
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Gait patterns and trajectory (A), (B)

“Circling” bizarre gait pattern (C)

Castillo-Mariqueo L, Pérez-Garcia 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

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

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



Experimental research

Modelling Functional Limitations, Gait Impairments, and Muscle Pathology

NTg 3xTg-AD

Conditions Statistics

6-months 12-months 16-months 6-months 12-months 16-months

1. Survival (mean + SEM days) 329+2526 | 337+2909 | 350+15.60 208 +1.26 395+ 963 481 +2531 s8a
(mortality ratio) 315(20%) | 3/9(33.3%) | 20/40 (50%) 0/15 (0%) 116 (62%) | 524 (20.8%)

2. Kyphosis (animals, %) 316 (50%) 5/9 (56%) 116 (17%) 317 (43%) 4111 (36%) A
Postural 116 (17%) 1111 (9%) ns.
Structural 316 (50%) 519 (56%) 307 (43%) 311 (27%) A*

3. Physical conditions (animals, %)

Body weight 304 30g. 3049 289 3g 34g. A
Alopecia 206 (33%) 416 (67%) 5/9 (56%) 16 (17%) 447 (57%) 4111 (36%) n.s.
Body position 5/11 (45%) a*
Palpebral closure 4111 (36%) a
Piloerection 116 (17%) 2/9 (22%) 611 (55%) A
Tail position 4111 (36%) a*
Tremor 116 (17%) 9/11 (82%) A=, G*

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

Hi

Incidence (%)

ndlimb clasping
100 - G**
80 - | I
60 -
40 A
20 - H
: ]
NTg AD |[NTg AD |[NTg AD
6 months 12 months 16 months

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

Castillo-Mariqueo - DOI: 10.3390/biomedicines9101365
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Research report

Cognitive and emotional alterations in young Alzheimer’s disease @msmk SPONTANEUS ACTIVITY
(3xTgAD) mice: Effects of neonatal handling stimulation and Genotype x Treatment effect
sexual dimorphism en B
A o
T. Cafiete*, G. Blazquez, A. Tobefia, L. Giménez-Llort, A. Fernandez-Teruel* A 0 +
1o 1R0D

* Young 3xTgAD mice exhibit a spatial learning and reference memory deficit.
* IxTgAD mice exhibit increased behavioral inhibition in some novelty tests.
# Sexual dimorphism appears in most novelty tests.

s Gender differences are reflected by increased cognitive deficits in females.

* Meonatal Handling improves spatial learning and normalize motor activity.
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Hyperalgesia, anxiety, and decreased hypoxic
neuroprotection in mice lacking the
adenosine A; receptor

Bjorn Johansson*, Linda Halldner®, Thomas V. Dunwiddie®, Susan A. Masino®, Wolfgang Poelchent,
Lydia Gimenez-Llort*, Rosa M. Escorihuela®, Alberto Femnandez-Teruel®, Zsuzsanna Wiesenfald-Hallin®,
Xiao-Jun Xu®, Anna Hardemark?, Christer Betshohz!, Eric Herlenius”, and Bertil B. Fredholm*-**

“Department of Physidogy and Pharmacology, Karolinska institu
Department of Pharmacology, University of Colorad
Madicine, school of Medions, Autoncmous University of B
Laboratory sclendes and Technology and WWomen and Chil
Ipepartment of Medical Blochemistry, University of Gtebo

51717

icholm, Sweden: Weterans Administration Medical Center and
‘Department of Psychiatry and Forensic

a, spain: *Departments of Medical

76 Stockhodm, Sweden: and

Communicated by Tomas Hokfelt, Karolinska Institute, Stockholm, Swede e 11, 2001 (received for review February 3, 2001)
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Mice lacking the adenosine A, receptor are anxious and
aggressive, but are normal learners with reduced muscle
strength and survival rate

Lydia Giménez-Llort, Alberto Fernandez-Teruel, Rosa Maria Escorihuela, Bertil B. Fredholm, Adolf Tobefia,

Milos Pekny, Bjorn Johansson

23 August 2002 | https://doi.org/10.1046/j.1460-9568.2002.02122.x | Citations: 145

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



HOME-CAGE CIRCADIAN MOTOR ACTIVITY TEST
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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.
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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.



International Journal of
Molecular Sciences

Article

Sex- and Neuropsychiatric-Dependent Circadian Alterations in

Daily Voluntary Physical Activity Engagement and Patterns in

Aged 3xTg-AD Mice

Daniel Alveal-Mellado *?, Lidia Castillo-Mariqueo '? and Lydia Giménez-Llort *2*

Clinical setting

AD and Physical Activity (PA) levels

{ AD individuals |

Cognitive
impairment
worsening

-Movement activity

" NPS/BPSD:
Apathy
Anxiety
Agitation

.. Depresion

Circadian Rhythm
/  Disfunctions (CRD):
| -Sleep
|\ -Thermorregulation

Physical Activity (PA) = non-
structured physical exercise
including activitites of daily living.
(Bowen et al., Sport. Med. 2011, 41, 73—
86.)

Negative influence of NPS/BPSD on
PA levels in AD patients.
(Watts., et al. PLoS One 2018, 13)

Bidirectional relationship of CRD
and PA levels in free living and

lized patients
(Nassan, M.; Videnovic, A. Nat. Rev.
Neurol. 2022, 18, 7-24)

Marked reduction of PA in older AD
women patients.

(De Bono et al., Am. ). Physiol. - Regul.
integr. Comp. Physiol. 2006, 290, 926—
934)

Preclinical field

AD and Physical Activity (PA) levels

[ 3xTgADmodel |

" /"‘Z‘j x
|

Novelty-Induced Movement activity
Behavioral Inhibition variations
(NIBI)

In 3xTg-AD

In NTg and
other Tg
models

S

Good face and construct validity.
(Bilkei-Gorzo et al., Pharmacol. Ther.
2014, 142, 244-57)

Replicates NPS symptoms.
(Giménez-Llort et al., Neurosci. Biobehav.
Rev. 2007, 31, 125-47)

Reproduces sleep and movement
activity disorder

(Stover et al., Behav. Brain Res. 2015,
289, 29-38)

Age-dependent decline of activity
in Running Wheel (RW)

(Ingram, D.K. Med. Sci. Sports Exerc.
2000, 32, 1623-29)

Greater levels of PA in females.
(Bowen et al., Sport. Med. 2011, 41, 73—
36)



Nesting

V. Torres-Lista, L. Giménez-Liort / Behavioural Brain Research 247 (2012) 153-157
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“neuropsychiatric symptoms and
‘reduced tau pathology by selenium
'in 3xTg-AD mice
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: TarigAhmed**, Frank M. LaFerla", Lydia Giménez-Llort’, Rudi D'Hooge" & Carlos A. Saura®
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V. Torres-Lista and L. Giménez-Llort / Behavioral signatures of soctal dyvsfunction in male and female 3xTg-AD mice

Journal of Alzheimer's Disease 69 (2019) 969-977
DOL 10.3233/IAD- 190253
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Cognitive and emotional profiles of aged Alzheimer's disease

(3 x TgAD) mice: Effects of environmental enrichment

* Aged 3 = TgAD mice show deficits in spatial learning, short-term and working memory.,

and sexual dimﬂrphism = 3 TgAD mice show signs of increased anxiety and normal sensorimotor functions,
+ Sexual dimorphism is reflected by increased behavioral inhibition in males,
Gloria Blizquez *, Toni Cafiete, Adolf Tobefa, Lydia Giménez-Llort, Alberto + Sexual dimorphism is reflected by increased cognitive deficits in females.

. + Environmental enrichment in adulthood induces beneficial effects on working memory.
Fernandez-Teruel

Takie 2
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Impact of Social Isolation on the
Behavioral, Functional Profiles, and
Hippocampal Atrophy Asymmetry in
Dementia in Times of Coronavirus
Pandemic (COVID-19): A
Translational Neuroscience Approach
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NEUROPATHOLOGY

A Hippocampal asymmetry and behavioral correlates
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Olfactory Signatures in the Food
Finding Test in Mice With Normal and
Alzheimer’s Disease-Pathological
Aging With Special Concerns on the
Effects of Social Isolation
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Translational level

We have studied the olfactory signatures in male and female mice with nc
associated with advanced stages of AD.
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Sensitivity to painful external stimuli

preserved in all phases of Alzheimer's

FLSEVIER disedse in mice

updates.

Research article Preserved Thermal Pain in 3ng 'AD 21 :\UtAB s-tudyin Alzheimer's disease in mi(fe dem?nstrates
. . . . . . SEP at pain caused by a harmful external stimulus is preserved
Tall—thk tESt I'ESDODSE ln 3 ng‘AD mICE at Mlce Wlth Increased 2021 in all phases of the disease, even in the most advanced

phases, and that there are differences in sensory and
emotional reactions in males and females. The results

Sensory-Discriminative Pain
Sensitivity in Females but
Affective-Emotional Dimension in
Males as Early Sex-Specific
AD-Phenotype Biomarkers o
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early and advanced stages of disease
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and mechanisms involved in the reaction to pain of people

with dementia, as well as possible treatments.
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