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THE AGEING POPULATION IS 

RAPIDLY INCREASING. THERE 

IS AN EVER INCREASING 

NUMBER OF PEOPLE LIKELY TO 

DEVELOP A DECLINE IN 

COGNITIVE ABILITIES AND TO 

DEVELOP A DEMENTING 

ILLNESS, SUCH AS ALZHEIMER’S 

DISEASE, FOR WHICH THERE 

ARE NO EFFECTIVE 

TREATMENTS. THE PRIMARY 

AIM OF THE GROUP IS TO 

UNDERSTAND THE 

CONTRIBUTION OF CHANGES IN 

THE BRAINS ‘WIRING’ OR 

WHITE MATTER TO AGE-

RELATED COGNITIVE DECLINE 

AND ALZHEIMER’S DISEASE. IN 

PARTICULAR WE ARE 

FOCUSSING ON THE IMPACT 

THAT VASCULAR 

DISTURBANCES HAS ON BRAIN 

STRUCTURE AND FUNCTION.  

OUR GOAL IS TO IDENTIFY 

NOVEL TARGETS FOR 

THERAPEUTIC STRATEGIES 

AIMED AT SLOWING THE RATE 

OF COGNITIVE DECLINE AND TO 

PROMOTE BRAIN REPAIR AND 

RECOVERY 

that effective treatment strategies can 

be developed.  

 

BRAIN HYPOPERFUSION OCCURS 

IN AGEING AND IN ALZHEIMER’S 

DISEASE 

The brain requires a good supply of 

blood delivered through a network of 

blood vessels (cerebrovascular 

system) to function properly. In 

normal ageing, blood supply to the 

brain can often be disrupted as a 

result of underlying conditions such as 

hypertension (high blood pressure) 

and atherosclerosis (thickening of 

blood vessels). In Alzheimer’s disease 

brain there are also abnormal changes  

to the blood vessels and one of the 

earliest features is a poor blood supply 

(brain hypoperfusion) that can be 

detected prior to the onset of 

cognitive decline.  The reduction in 

blood supply in the ageing and 

Alzheimer’s disease brain is very 

modest, occurs over many years and  

 

 

Figure 1: Individual ‘wires’ or axons (red) and the fatty insulating coat  
or myelin (green) in the brain  

 

THE BRAINS ‘WIRING’ IS DISRUPTED IN 

AGEING AND ALZHEIMER’S DISEASE AND 

MAY UNDERLY COGNITIVE DECLINE 

The healthy brain is like a massive telephone 

network  having one hundred billion ‘wires’ 

called axons that connect brain cells and 

ensure efficient communication between cells 

and brain regions (Fig 1).  The connections are 

wrapped in a fatty insulating coat, called 

myelin, which aids the transmission of 

information. The bundles of axons and myelin 

are called white matter whereas ’grey matter’ 

contains the brain cell bodies.  

As people grow older there can often be a 

decline in their memory or cognitive abilities. 

Similarly in Alzheimer’s disease, a common 

form of dementia, there is a decline in 

memory. In both normal ageing and in 

Alzheimer’s disease, the ‘wiring’ becomes 

faulty (Fig 2) and it is suggested that this may 

be associated with the decline in cognitive 

abilities. Our work aims to understand when 

and where these changes in white matter 

occur, what causes these changes and provide 

a detailed insight to the changes that occur so 



 

 

 

 

 

 

 

although there is some evidence to 

suggest that this results in changes to the 

white matter a causal relationship remains 

to be established. 

 

BRAIN HYPOPERFUSION  CAUSES 

DAMAGE TO THE ‘WIRING’ IN BRAIN  

We are testing the hypothesis that modest 

reductions in blood supply lead to changes 

in the brains’ white matter and cognitive 

decline. In order to test this, we 

established a new mouse model of brain 

hypoperfusion in which we can produce 

sustained, modest reductions in blood flow 

in the brain. Using this model, we have 

discovered that modest reductions in blood 

supply cause selective damage to the 

white matter connections in the absence of 

damage to the neuronal cell bodies. We 

have used special techniques that allow us 

to look at individual cells and white matter 

connections throughout the brain. In 

particular we have shown that damage 

occurs to the myelin (i.e. the fatty 

insulating coat of the ‘wires’ that facilitates 

transmission of messages). (Coltman et al. 

2010, Fig 3).  The myelin damage is  

 

observed after 1 month of initiation of 

blood supply reduction. We have also 

discovered that selective damage to the 

white matter is associated with 

impairments in a specific type of memory, 

namely spatial working memory (Fig. 3). 

This is pertinent to our studies in human 

brain where we know that with advancing 

age working memory often becomes 

impaired 

 

DO MODEST REDUCTIONS IN BLOOD 

FLOW PRECIPITATE ALZHEIMER’S 

DISEASE? 

We are now using this new model of 

cerebral hypoperfusion to determine 

whether modest reductions in blood flow 

may cause changes in the brain leading to 

Alzheimer’s disease. Genetically modified 

mice that express mutant Alzheimer genes 

are employed to provide functional insight 

into the neural mechanisms in response to 

a vascular challenge. We have evidence 

that severe reductions in blood flow (such 

as that occurring as a result of stroke) 

lead to an accumulation of the protein 

amyloid (which is believed to contribute to 

the pathogenesis of Alzheimer’s  disease).  

 

WHY IS THE WORK IMPORTANT? 

Our work aims not only to further our 

understanding of the mechanisms 

underlying ageing, AD and vascular 

disease but could also result in the 

development of alternative therapeutic 

aimed at improving cerebrovascular 

function and slowing the rate of cognitive 

decline. 

SELECTED REFERENCES 

 

Coltman R, Spain A, Tsenkina Y, 
Fowler JH, Smith J, Allerhand M, 
Scott F, Kalaria RN, Ihara M, 
Daumas S, Deary IJ, Wood E, 
McCulloch J, Horsburgh K.   Spatial 
memory in mice remains intact 
despite widespread white matter 
pathology Neurobiol Aging 2010  
 
Papadia S, Soriano FX, Léveillé F, 
Martel MA, Dakin KA, Hansen HH, 
Kaindl A, Sifringer M, Fowler J, 
Stefovska V, McKenzie G, Craigon 
M, Corriveau R, Ghazal P, 
Horsburgh K, Yankner BA, Wyllie 
DJ, Ikonomidou C, Hardingham GE. 
Synaptic NMDA receptor activity 
boosts intrinsic antioxidant 
defenses. Nat Neurosci. 2008 
11(4):476-87.  
 
Magnoni S,  Baker A, Thomson S , 
Jordan G, McColl B, McCulloch J, 
Horsburgh K (2007). 
Neuroprotective effect of adeno-
viral mediated gene transfer of TIMP 
1 and 2 in ischemia brain injury 
Gene Therapy 14(7):621-5. 
 
McColl BW,  McGregor A, Wong A,  
Harris J,   Amalfitano A,   Magnoni 
S, Baker A,  Dickson G,  Horsburgh 
K. (2007) APOE F3 gene transfer 
attenuates brain damage after 
experimental stroke J Cerebral 
Blood Flow & Metab  27(3):477-87. 
 
Wong AM, Hodges H, Horsburgh K. 
(2005) Neural stem cell grafts 
reduce the extent of neuronal 
damage in a mouse model of global 
ischaemia. Brain Res. 1063(2):140-
50 
 

Our research is supported by the 
Alzheimer’s Research Trust, 
Alzheimer Society and Lloyds 
TSB/Royal Society of Edinburgh and 
GlaxoSmithKline; The Disconnected 
Mind is supported by Age Concern, 
Help the Aged and Research into 

Ageing. 
 

 
        Wild type              APP mutant 

 
Figure 2:  Myelin  (shown green) is 
disrupted in an aged APP mutant mouse 
model of Alzheimer’s disease as 
compared to a wild-type control mouse 

a) Normal                        b)Low blood flow                c) Working memory impaired
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Figure 3: Normal (a) myelinated axons (green) are damaged  in conditions of  low blood flow or hypoperfusion (b). 
Hypoperfusion is associated with an impairment of working memory (c). 

 


