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Main Points

1) Synaptic changes (plasticity) are the basis for learning
2) How plasticity changes with age
3) Ways to stimulate and maintain plasticity as we age.

Exercise
Sleep
Social Interaction
Maintain health
Seek new experiences, challenges, learning opportunities 



Let’s get to know each other!

These links are in the CHAT

• Go to the Chat.  
• Exit full screen
• Open a new tab in your browser
• Go to: https://chimein2.cla.umn.edu/join/741704
• Or: visit chimein2.cla.umn.edu and enter 741-704

• Please answer the 2 questions.

• Let’s see who we are today & what we already do for brain health.

Presenter Notes
Presentation Notes
My chimein:  https://chimein2.cla.umn.edu/chime/493/folder/7626


https://chimein2.cla.umn.edu/join/741704
https://chimein2.cla.umn.edu/join/741704






Synapses Make Things Happen

Image courtesy B. Ebner & H. Orr

Presenter Notes
Presentation Notes
With different experiences, with a different history of activity, the strength of a synapse CHANGES!



Synapses Change video on Youtube

• Explanation of how 
synapses change

• Play 1:57 to 6:10 

Presenter Notes
Presentation Notes
https://www.youtube.com/watch?v=frFiBNPVRl4 


https://www.youtube.com/watch?v=frFiBNPVRl4


Bear 1996





Tsokas et al., J. Neurosci. 25:5833 (2005)

Long Term Potentiation
LTP

Kandel & Schwartz 1995

Long Term Potentiation
LTP

Changes at synapses
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Normal
Glutamate = transmitter

AMPAR

Protein kinases

Retrograde signal

↑AMPAR

Turns on genes

Grow new dendritic spines,
Form new synapses

pre-synaptic
nerve terminal

post-synaptic
dendritic spines

Learning (LTP) 
changes synapses 
through a series of 
biochemical steps  
leading to gene 
transcription

Bear et al Neuroscience Exploring the Brain 1996

NMDA Receptor



With different experiences, 
with a different history of activity, 
the strength of sets of synapses CHANGE!

Memories are formed from sets of synapses

Neuronal Connections are Plastic!
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What happens with Aging?
• Normal aging does NOT include loss of neurons.
• Normal aging may includes loss of synaptic function.

All body systems slow down, including 
• Collection of biochemical trash
• Replacing cellular proteins

• especially Growth Factors, Hormones & DNA repair proteins
• BDNF
• Estrogen

• Gene transcription for replacing proteins at synapses

• Energy Production



Blood Flow in the Brain

Arteries deliver 
nutrition: O2 and 
glucose to brain 
cells.

Biochemical Trash 
moves from the 
space between cells 
into the Cerebral 
Spinal Fluid to get 
to the jugular vein.

Cerebral Spinal Fluid

Leads to jugular vein

Presenter Notes
Presentation Notes
Biochemical trash collection



CSF flow decreases 
with age and disease

→ more biochemical 
trash accumulates

rtery Vein

Atrocyte Scarring

Beta-Amyoid
Blocks CSF flow

Jessen et al 2015 Neurochemical Res

Presenter Notes
Presentation Notes
Fig. 5 Model of glymphatic function in young, old and in Alzheimer’s disease. a In young and healthy people, CSF enters the brain parenchyma via periarterial pathways, washes out solutes from the interstitial space and empties along the veins. b With aging, glymphatic function is reduced, possibly due to astrocytes becoming reactive and AQP4 de-polarized from the vascular endfeet to parenchymal processes. c In Alzheimer’s disease perivascular space of penetrating arteries are subject to accumulation of β-amyloid peptides. We hypothesize that accumulation of β-amyloid might be caused by impairment of the glymphatic system and that the perivascular pathways are further blocked by protein aggregates such as β-amyloid. In this model, the resulting changes in the perivascular environment lead to abnormal enlargement of perivascular space downstream, which further decreases glymphatic clearance.
The Glymphatic System: A Beginner's Guide.
Nadia Aalling Jessen;Anne Sofie Finmann Munk;Iben Lundgaard;Maiken Nedergaard
ISSN: 0364-3190 , 1573-6903; DOI: 10.1007/s11064-015-1581-6
Neurochemical research. , 2015, Vol.40(12), p.2583-2599





Normal
Glutamate = transmitter

AMPAR

Protein kinases

Retrograde signal

↑AMPAR

Turns on genes

Grow new dendritic spines,
Form new synapses

pre-synaptic
nerve terminal

post-synaptic
dendritic spines

LTP involves increases 
in Calcium leading to 
gene transcription

Bear et al Neuroscience Exploring the Brain 1996

NMDA Receptor

Estrogen

BDNF

Estrogen

BDNF



1) Synaptic changes (plasticity) are the basis for learning
2) How plasticity changes with age
3) Ways to stimulate and maintain plasticity as we age.

Exercise
Sleep
Social Interaction
Maintain health
Seek new experiences, challenges, learning opportunities 

Main Points



BDNF is released during & shortly after LTP 
generation & is required for LTP induction

Aicardi et al 2004 PNAS

Presenter Notes
Presentation Notes
Fig. 3. Parallel analysis of FPs in PRh cortex and endogenous BDNF secretion during basal stimulation and LTP-inducing TBS. (A) LTP was induced by 100-Hz
TBS. This stimulation induced an increase in FP amplitude that persisted for 180 min (n  6). (B) Time course of BDNF secretion during the experiments shown
inA.BDNFsecretion rapidly increased after 100-Hz TBS, and the high levels persisted for 5–12 min before declining to basal values. The100%BDNFconcentrations
in the individual experiments were as follows: 166, 16, 18, 73, 25, and 39 pgml. (C) LTP induction by 100-Hz TBS was prevented by the presence of TrkB–IgG
receptor bodies (1 gml) (n  5).



Spriggs 2019 Front Hu Nsci Fig 3
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In humans, LTP correlates with memory score & 
BDNF phenotype

More BDNF →
More synapse growth →
More memories

BDNF decreases
with age

Presenter Notes
Presentation Notes
FIGURE 3 | (A) Late LTP amplitude plotted against Wechsler Memory Scale-III (WMS-III) visual memory index (Memory Score), broken down by genotype. The dashed line is the regression line from the linear model, for all genotype groups combined. The shaded area around the dashed line represents the 95% confidence interval for predictions from the linear model fitted. (B) Late LTP amplitude as a function of brain-derived neurotrophic factor (BDNF) genotype. (C) Early LTP amplitude as a function of BDNF genotype. (D) Memory performance as a function of BDNF genotype. Subplots (B–D) depict the distribution of gain scores (violin) together with the mean (box central dot), median (box central line), first and third quartile (box edges), minimum and maximum (whiskers), and outliers (outside dots).

Late VEP LTP correlates with memory score & BDNF phenotype



BDNF is 
generated by 
exercise.

Exercise 
increased BDNF 
mRNA in rat HC 
& Cortex.

Neeper…Cotman 1995 Science

Control

After 7 
nights of 
running

Presenter Notes
Presentation Notes
FIG. 1 Colour-enhanced image of autoradiograms from in situ BDNF mRNA hybridization in rat brain (sagittal plane). Increas­ing hybridization (ROD) is represented by green, yellow, then red. a, Control; b, 7 nights with exercise. Neocortical layers II and V, and hippocampal areas CA1-4 and dentate gyrus (DG), are identified. Methodological details can be obtained from the authors. 



CSF flow increases 
with SLEEP!!!

More sleep →
More trash collection

rtery Vein

Atrocyte Scarring

Beta-Amyoid
Blocks CSF flow

Jessen et al 2015 Neurochemical Res

Presenter Notes
Presentation Notes
Fig. 5 Model of glymphatic function in young, old and in Alzheimer’s disease. a In young and healthy people, CSF enters the brain parenchyma via periarterial pathways, washes out solutes from the interstitial space and empties along the veins. b With aging, glymphatic function is reduced, possibly due to astrocytes becoming reactive and AQP4 de-polarized from the vascular endfeet to parenchymal processes. c In Alzheimer’s disease perivascular space of penetrating arteries are subject to accumulation of β-amyloid peptides. We hypothesize that accumulation of β-amyloid might be caused by impairment of the glymphatic system and that the perivascular pathways are further blocked by protein aggregates such as β-amyloid. In this model, the resulting changes in the perivascular environment lead to abnormal enlargement of perivascular space downstream, which further decreases glymphatic clearance.
The Glymphatic System: A Beginner's Guide.
Nadia Aalling Jessen;Anne Sofie Finmann Munk;Iben Lundgaard;Maiken Nedergaard
ISSN: 0364-3190 , 1573-6903; DOI: 10.1007/s11064-015-1581-6
Neurochemical research. , 2015, Vol.40(12), p.2583-2599





Active replay during sleep transfers important memories to 
cortical synapses & resets the hippocampus for new learning.

Sensory inputs

Replay transfers 
from hippocampus 
to cortex

Long term 
memory

Hippocampus 
resets

Feld & Born 2017 Cur Opin Nbio

Presenter Notes
Presentation Notes
Figure 2. Schematic of the classical functions of sleep for memory. In the hippocampus-dependent declarative memory domain, during wakefulness, information (yellow arrows) flows through the sensory cortices to the fast learning system of the hippocampus (green arrows), which quickly binds the information into a transient representation. During subsequent sleep, specifically NonREM and slow wave sleep (SWS), the memory trace is replayed repeatedly (red arrow), which leads to its transformation and integration into the long-lasting stores of the neocortex, that is active systems consolidation (blue arrows). Next to active systems consolidation of relevant memory traces, sleep also renormalizes synapses leading to the erasure of irrelevant information. While the synaptic homeostasis hypothesis underlines the importance of SWS for renormalization in the cortex, evidence suggests that in the hippocampus rapid eye movement (REM) sleep plays a major role. During subsequent wakefulness the consolidated information can be retrieved without recruiting the hippocampus (green upward arrows) and new information can be encoded into its replenished stores (yellow and green downward arrows).
Sculpting memory during sleep: concurrent consolidation and forgetting.
Feld GB, Born J.
Curr Opin Neurobiol. 2017 Jun;44:20-27. doi: 10.1016/j.conb.2017.02.012. 




Brain is mainly concerned with processing social 
information.
Be social to use your brain more!

How one person's mind creates the 
perception of another person as 
having intentions, beliefs, morals, 
traits, etc. involves LOTS of brain 
networks simultaneously.

Network for processing negative 
emotions: anger, disgust, fear, sadness

     
Barrett, Satpute, 2013 Large Scale Brain Networks… Cur Opin Nbio 23

Presenter Notes
Presentation Notes
Box 2 Intrinsic connectivity in the human brain does not reveal emotion networks
Using a seed-based analysis approach, we [15] designed a method for revealing intrinsic networks within the human brain, first
demonstrating that this method can recover the brain’s well-known ‘default’ mode network but does not produce spurious evidence of
networks. First, we treated pre-defined nodes of the ‘default’ mode network as seeds (e.g., medial prefrontal cortex and posterior
cingulate cortex, following [47]). For each seed, we estimated a ‘discovery map’ that contained the voxels whose time-course
correlated with the timecourse of voxels within the seed region. A conjunction of these ‘discovery’ maps recovered the ‘default’ mode
network as single map of their spatial overlap. Using a similar ‘seed and discover’ method, we then ran a control analysis to show that
nodes from auditory, visual, and motor cortices produce a conjunction map that is empty, indicating that our method would not
produce spuriously results. Finally, we used our ‘seed and discover’ method on meta-analytic activation peaks that were consistently
activated for anger as reported in [10] because this meta-analysis was explicitly designed to reveal maximally distinct neural patterns
for different emotion categories; the conjunction of all the ‘discovery maps’ was empty, indicating that a distributed, anatomically-inspired
networks for anger does not exist within the intrinsic architecture of the human brain. We repeated this analysis, with the same result, for
the peaks that consistently activated during sadness, fear, disgust, and happiness. Furthermore, a conjunction of the discovery maps
derived from the largest meta-analytic peaks for each negative emotion (anger, disgust, fear, and sadness) reproduced the
‘salience’ network, indicating that this network is a common contributor to at least four unpleasant emotional states.

Note: The conjunction map (N = 89) for meta-analytic ally inspired anger, disgust, fear, and sadness discovery maps. Yellow indicates
spatial overlap for all negative emotion maps. Light orange indicates spatial overlap for three of the four maps. Orange indicates spatial
overlap for two of the maps. Red indicates no spatial overlap. 



Diet effects brain health – including plasticity

Lots fruits & vegies
Low glycemic index
Low sugar
Low carbs
Low saturated fat

Ketogenic diet
Japanese diet
Mediterranean diet
Intermittent fasting

Carneiro & Pellerin 2022 Front Nsci

Presenter Notes
Presentation Notes
OVERALL HEALTH MAINTENANCE
FIGURE 1 | Food intake of a diet rich in low glycemic index food is shown to have a positive impact on health (1). The composition of such a diet enriched
in non-digestible fibers leads to the production of SCFA (Short Chain Fatty Acids) by gut bacteria (2). In addition, the low impact on glycemia (3) will
trigger an increase in KB (Ketone Bodies) production through the induced lipid oxidation increase (4). In turn, both ketone bodies and SCFA are expected to
act on brain function (5) by stimulating the transcription of genes (6) involved in the reduction of inflammation (7) and ROS production (8). SCFA and KB
also modulate mitochondrial activity (9) to reduce ROS production. In addition, the reduced mitochondrial respiration will diminish ATP levels (10) that would
inhibit neuronal activity (11). Finally, other studies indicate increased GABA levels also contribute to the inhibition of neuronal activity (12). Altogether, such
a global effect on brain bioenergetics could participate to brain benefits of healthy diet in the context of brain disorders whose neuronal function is
altered.



Seidler 2022 FrontEndo

Exercise→→→

Diet

Estrogen → Estrogen
↓

Sleep

Exercise →

Presenter Notes
Presentation Notes
PTENFig.
1. Mechanism diagram: The role of BDNF in IF and cognitive function: TrkB-mediated mechanisms involving MAPK/ERK, PI3K/Akt and PLC- γ promote
neurogenesis, synaptic plasticity, LTP and dendritic growth. Abbreviations: Akt, Protein kinase B; AMPAR, α-amino-3-hydroxy-5-methylisoxazole-4-propionic acid
receptor; Arc, Activity-regulated cytoskeleton-associated protein; Bax, Bcl-2-associated X protein; Bcl-2, B-cell lymphoma-2; BDNF, Brain-derived neurotrophic
factor; CaMK, Ca2+/calmodulin-dependent protein kinase; CREB, cAMP response-element binding protein; DAG, 1,2-diacylglycerol; 4E-BP1, eIF4E-binding protein-1;
eEF2, eukaryotic elongation factor 2; ERK, Extracellular signal-regulated kinase; GAP43, Growth-associated protein 43; GluR1/2, Glutamate receptor-1/2; GSK-3 β,
Glycogen synthase kinase-3β; IP3, Inositol 1,4,5-triphosphate; LTP, Long-term potentiation; MAPK, Mitogen-activated protein kinase; MEK, Mitogen-activated
protein kinase kinase; MNK-1, MAPK-interacting kinase-1; MSK, Mitogen- and stress-activated kinase; mTOR, Mammalian target of rapamycin; NMDAR, Nmethyl-
D-aspartate receptor; NR2A/B, NMDA receptor subunits; PI3K, Phosphatidylinositol 3-kinase;
PKA/C, Protein kinase A/C;
PLC γ, Phospholipase C-gamma; PSD-95, Post-synaptic density protein 95; SYN, Synapsin; SYP, Synaptophysin; TrkB, Tropomyosin-related kinase B.
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Let’s see what you’ve learned

These links are in the CHAT

• Go to the Chat.  
• Exit full screen
• Open a new tab in your browser
• Go to: https://chimein2.cla.umn.edu/join/741704
• Or: visit chimein2.cla.umn.edu and enter 741-704

• Please answer the 3rd Question.

Presenter Notes
Presentation Notes
My chimein:  https://chimein2.cla.umn.edu/chime/493/folder/7626


https://chimein2.cla.umn.edu/join/741704
https://chimein2.cla.umn.edu/join/741704




Presenter Notes
Presentation Notes
Videos on Direct & Indirect BG –pathways  - too fast 
https://www.youtube.com/watch?v=c-mhDChCD4Y
https://www.youtube.com/watch?v=RzcXkvxXKEQ



Sleep consolidates 
learning 

in children more than 
adults.

H

Presenter Notes
Presentation Notes
a) Children and adults were trained in the morning or in the evening on a motor sequence task (button-box task). After a 10–12-h retention interval filled with sleep (children, N = 16; adults, N = 16) or wakefulness (children, N = 19; adults, N = 21), retrieval of explicit knowledge about the sequence structure was examined. (b) Explicit sequence knowledge, as indicated by the number of recalled element transitions after sleep (black bars) and wake (white bars) retention intervals, and as tested in control children (N = 14) immediately after learning. Data are presented as mean ± s.e.m. ***P ≤ 0.001, *P ≤ 0.05, n.s. = not significant (P > 0.05), for planned contrasts between groups. (c) Percent time spent in the different sleep stages (white, wake; light blue, stage 1 sleep; dark blue, stage 2 sleep; black, SWS; gray, REM sleep) in children (upper bar) and adults (lower bar).

 The sleeping child outplays the adult’s capacity to convert implicit into explicit knowledge
Ines Wilhelm1,2, Michael Rose3, Kathrin I Imhof1, Björn Rasch4, Christian Büchel3 & Jan Born  2013
 nature neuroscience VOLUME 16 | NUMBER 4 | p.391
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