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Models in Primates

Example of spontaneous and 
heterogeneous models
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Primate heterogeneity 



Brain heterogeneity in Primates

1 cm Patas Orangutan

Gorilla Chimpanzee

Human



WhatWhat are are age related alterations in primates ?age related alterations in primates ?

Do they reproduce human alterations ?Do they reproduce human alterations ?

How many animals are involved ?How many animals are involved ?



Age related cognitive alterationsAge related cognitive alterations

Young

Normal aged

Mild to moderate AD

Severe AD

Delayed Response

((Bartus andBartus and Dean.  Normal Dean.  Normal AgingAging, , Alzheimer’s disease and senile dementiaAlzheimer’s disease and senile dementia, , 
Aspects on Aspects on EtiologyEtiology, , PathogenesisPathogenesis, , Diagnosis and TreatmentDiagnosis and Treatment, 1985), 1985)



Age related cognitive alterations

Prefrontal impairments, Prefrontal impairments, perseverationperseveration
~ 15~ 15--20 years in Rhesus monkeys20 years in Rhesus monkeys
Very constant in different animalsVery constant in different animals

Tasks depending on medial temporal areasTasks depending on medial temporal areas
~25~25--30 years in Rhesus monkeys30 years in Rhesus monkeys
(But) (But) InterindividualInterindividual variationsvariations

What is responsible for these alterations ?What is responsible for these alterations ?



Macroscopic alterations
Cerebral atrophy

Macroscopic alterations
Cerebral atrophy

Cerebral atrophy in human



Cerebral atrophy in Rhesus monkey

(Andersen et al., (Andersen et al., BrainBrain ResearchResearch, 1999), 1999)



Temporo-parietal atrophy in mouse lemurs

«««

Animals without amyloid depositsAnimals without amyloid deposits
Animals with amyloid depositsAnimals with amyloid deposits
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((Dhenain Dhenain et al.,et al.,
NeurobNeurob. . AgingAging, 2000), 2000)

Young

Old

Age (years)

Fast evolution when the process is startedFast evolution when the process is started



Regional atrophy evaluation
Several types of brain atrophies

Regional atrophy evaluationRegional atrophy evaluation
SeveralSeveral types of types of brainbrain atrophiesatrophies

DhenainDhenain et al., et al., 
NeurobNeurob. . AgingAging,,
20002000

Various clinical entitiesVarious clinical entities in in spontaneousspontaneous animal models ?animal models ?
Human like disease Human like disease or Primate or Primate specific disease specific disease ??



Microscopic alterations
Amyloid deposits

Microscopic alterations
Amyloid deposits

Rhesus AD - HumanChimpanzee

Mouse lemur

((GearingGearing et al, PNAS, 1994)et al, PNAS, 1994)



Microscopic alterations
Amyloid deposits

Microscopic alterations
Amyloid deposits

((DhenainDhenain, , HandbookHandbook of of NeuropsychologyNeuropsychology (2nd (2nd eded, 2001), 2001)



Sequence homologies
APP – beta amyloid

((DhenainDhenain, , HandbookHandbook of of NeuropsychologyNeuropsychology (2nd (2nd eded, 2001), 2001)



Microscopic alterations
Amyloid angiopathy

Microscopic alterations
Amyloid angiopathy

Amyloid angiopathyAmyloid angiopathy in most of the primatesin most of the primates
Squirrel monkey : model of Squirrel monkey : model of amyloid angiopathy amyloid angiopathy 

X 100

X 400

monoclonal anti–Aß antibody (4G8)

Mutation Mutation similarsimilar to to thatthat
of of IcelandicIcelandic patients patients 
with hereditary cerebral with hereditary cerebral 
hemorrhage with hemorrhage with 
amyloidosisamyloidosis (HCHWA(HCHWA--I) I) 
or or cystatincystatin C C amyloid amyloid 
angiopathy angiopathy (Wei et al. (Wei et al. 
StrokeStroke, 1996), 1996)



Microscopic alterations 
Neurofibrillary alterations

Microscopic alterations 
Neurofibrillary alterations

antiTau AbantiTau Ab
(AT8)(AT8)

Human

Baboon antiTau  antiTau  Ab (AT8)Ab (AT8)

Mouse
lemur

AT8AT8

HartïgHartïg
((SchultzSchultz, , Neurob AgingNeurob Aging, 2000), 2000)



Functional consequences of 
neuropathological alterations

No correlation between No correlation between amyloidamyloid deposits and deposits and 
behavioral alterationsbehavioral alterations

No study concerning No study concerning neurofibrillary neurofibrillary / behavioral / behavioral 
alterations (especially in baboons)alterations (especially in baboons)



Apolipoprotein E
In Human : ApoE4 is a risk factor for ADIn Human : ApoE4 is a risk factor for AD
In Human : ApoE3 and E2, protection for ADIn Human : ApoE3 and E2, protection for AD
ApoE4ApoE4--like forms in primateslike forms in primates
ApoE3 and E2 forms seem to be ‘favorable mutations’ that ApoE3 and E2 forms seem to be ‘favorable mutations’ that 
occurred in the course of evolution.occurred in the course of evolution.

Finch et al, Neurobiology of Aging, 1999



Alteration of the neurotransmission

AcetylcholineAcetylcholine
MonoaminergicMonoaminergic

SerotoninSerotonin
NoradrenalineNoradrenaline

SomatostatinSomatostatin
……

Correlation between occurrence of neurotransmission Correlation between occurrence of neurotransmission 
alterations and behavioral alterationsalterations and behavioral alterations



First evaluation of treatments modulating the First evaluation of treatments modulating the 
neurotransmission neurotransmission 

More recentlyMore recently
NeurotrophicNeurotrophic FactorsFactors
NeurotransmittersNeurotransmitters
Genic Genic TherapyTherapy



Neuroendocrinologic proximity of the primates ?
Example of estrogenic alteration

Menopauses in superior primatesMenopauses in superior primates
Associated behavioral alterationsAssociated behavioral alterations

Roberts, Neuroreport, 1997



Conclusion Primates

No case of AD in primates = Models for normal agingNo case of AD in primates = Models for normal aging
No mutation reported for ADNo mutation reported for AD--like lesionslike lesions
Few animals evaluatedFew animals evaluated

Evaluation of the factors that are responsible for interEvaluation of the factors that are responsible for inter--
individual differencesindividual differences

Clinical approach in animals with well known Clinical approach in animals with well known 
historical recordshistorical records

Factors modulating cognitive agingFactors modulating cognitive aging
Neuroendocrinologic Neuroendocrinologic factors,factors, Biological rhythms,…Biological rhythms,…



Progress in Magnetic Progress in Magnetic 
Resonance Imaging TechniquesResonance Imaging Techniques



Animal models and imaging (MRI)
Methodological progress in imagery performed in humanMethodological progress in imagery performed in human

End 70th

Progress in small animal imagingProgress in small animal imaging
Animal model Animal model PhenotypingPhenotyping
Longitudinal followLongitudinal follow--up of pathologies and treatmentsup of pathologies and treatments

Non invasive / Rapid transfer in humansNon invasive / Rapid transfer in humans



MRI in small animals



In-vivo imaging – Mouse brain
ResolutionResolution = 234x117x117 µm3= 234x117x117 µm3

Imaging Imaging time = 51 minutestime = 51 minutes



Post mortem imaging

ResolutionResolution = 117x58x58 µm3= 117x58x58 µm3
Imaging Imaging time = 7 time = 7 hours hours 36 min36 min



Many parameters accessible
Examples of NMR parametersExamples of NMR parameters

AnatomyAnatomy

Perfusion / Functional imaging Perfusion / Functional imaging 

SpectroscopySpectroscopy

Molecular/cellular imaging (Molecular/cellular imaging (amyloidamyloid plaque plaque 
imaging)imaging)



Cerebral atrophy in mouse lemursCerebral atrophy in mouse lemurs



Cerebral atrophy in APP/PS1 miceCerebral atrophy in APP/PS1 mice
APP/PS1
24 months

PS1
24 months

Mann Whitney’s test,
P<0.005Midbrain atrophyMidbrain atrophy

No cortical No cortical atrophyatrophy
No No hippocampal atrophyhippocampal atrophy

Collaboration BenoCollaboration Benoîît t Delatour Delatour (NAMC)(NAMC)
Collaboration Collaboration AventisPharmaAventisPharma



Saleem et coll., 2002

Neuronal tracing by MnCl2



Functional imaging

In In humanhuman

More difficult to perform in animals (anesthetized More difficult to perform in animals (anesthetized 
during the MR exam)during the MR exam)



Hemodynamic response imaging in small animalHemodynamic response imaging in small animal

Control

APP23

(GABA a antagonist)
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GABAa antagonist : Neuronal dis-inhibitor

APP23Wt

Pharmacological
Treatment MRI 2MRI 1

Pre-treatment endorem

Alterations caused by Alterations caused by amyloid angiopathyamyloid angiopathy ??
Mueggler, J. Neurosc., 2002



Spectroscopy

Moats et al, 1994, MRM



Spectroscopy – Mouse models of 
Alzheimer’s disease

No difference in younger animals
Von Kienlin, ISMRM, 2002



Spectroscopy

Tree Shrew

Neuronal loss ? Glial proliferation ?

Michaelis et al. J. Psychiatric Research, 2001



Toward amyloid deposits detection by MRI ?Toward amyloid deposits detection by MRI ?



Amyloid imaging in mice

Senile Plaques
° Large deposits

° Good resolution 
possible



Post mortem detection

Resolution = 62x47x59 µm3 Resolution = 234x117x117 µm3

Dhenain, Delatour, Volk et al.
Collaboration AventisPharmaAPP/PS1 mice



Toward in-vivo detection
Amyloid deposit vectorization

by contrast agents
Poduslo J F et coll., 
Neurobiology of 
disease, 11, 315-329, 
2002

Gadolinium Putrescine Aβ

+Gadolinium Mannitol 15%Aβ Zaim Wadghiri Y et coll.,
MRM,  50, 293-302, 2003

Toward in-vivo detection
Amyloid deposit vectorization

by contrast agents

MION (iron) Mannitol 15%Aβ +



Gadolinium Putrescine Aβ

Poduslo J F et coll., 
Neurobiology of 
disease, 11, 315-329, 
2002

Ex Vivo



+Gadolinium Mannitol 15%Aβ

AD mice

In Vivo

Zaim Wadghiri Y et coll.,
MRM,  50, 293-302, 2003

Control



Conclusion - small animal imaging

Many parametersMany parameters
AnatomyAnatomy
PerfusionPerfusion
SpectroscopySpectroscopy
Cellular imagingCellular imaging

Evaluation of the parameters that are the most Evaluation of the parameters that are the most 
relevant to the diseases/modelsrelevant to the diseases/models
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