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Novel models to study chronic 
neurologic symptoms in branched chain 

amino acid disorders
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ÅExtreme elevations of BCAAs and BCKAs

Å Infants have encephalopathy, coma, seizures, death due 
to acute leucine toxicity.

ÅTreatment with low-BCAA diet and / or liver 
transplantation improves BCAA in plasma.

ÅUnfortunately, even well-controlled patients often 
develop cognitive impairment and neuropsychiatric 
illness.  Likely due to ongoing abnormal BCAA 
metabolism in brain.

ÅPreviously available mouse models do not survive long 
enough to investigate chronic neurologic phenotypes

How does MSUD alter the development and function of the brain?
 



How does MSUD alter the development and function of the brain?
 

Maple Syrup 
Urine Disease

ÅAlterations in energy production in the 
mitochondria

ÅChanges in the glutamate / glutamine 
cycle

ÅAlterations in mTOR signaling

ÅDisruption of de novo purine and 
pyrimidine synthesis



What are the clinical effects of neuronal dysfunction in treated MSUD?
 

Strauss et al. MGM. 129 (2020) 193-206



Existing MSUD mice: Limited use in studies of chronic neurologic symptoms

Whole body DBT KO 
All pups die within 72 hours

Intermediate MSUD mouse
-Human DBT gene knocked in expressing at 5-6% activity

- Mice live until a median of 6 weeks but are small and have motor defects



How does impaired BCAA metabolism in brain disrupt neuronal function?
Developing tools to answer this question
 



Developing a brain-specific Dbt knockout model



Developing a brain-specific Dbt knockout model



Proposed mechanisms of neuropsychiatric disease in MSUD

Muelly et al. J Clin Invest. 2013;123(4):1809-1820.

http://www.jci.org/123/4


Loss of Dbt expression in brain increases branched chain amino acid levels in cortex



Loss of Dbt expression in brain disrupts untargeted metabolomic profiles in cortex



Loss of Dbt expression in brain disrupts untargeted metabolomic profiles in cortex



Loss of Dbt expression in brain reduces acylcarnitine species downstream of BCKDH



A high protein diet exacerbates metabolic abnormalities in the cortex of peripheral 
carrier, brain knockout MSUD mice



A high protein diet exacerbates metabolic abnormalities in the cortex of peripheral 
carrier, brain knockout MSUD mice



What happens when there is loss of Dbt expression in either neurons or astrocytes alone?

Salcedo C, et al. Front. Aging Neurosci. (2021) 13:736580.



What happens when there is loss of Dbt expression in either neurons or astrocytes alone?



What happens when there is loss of Dbt expression in either neurons or astrocytes alone?



Loss of Dbt expression in either neurons or astrocytes alone has only a modest affect on 
whole brain amino acid levels



Loss of Dbt in either neurons or astrocytes alone alters global metabolic profiles



High protein diet in neuronal or astrocyte MSUD models exacerbates BCAA levels in brain
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Neuronal Number

Peripheral carrier, brain KO MSUD mice have no significant changes in neuron number
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Peripheral carrier, brain KO MSUD mice have normal dendritic spines in the hippocampus

DbtKO/Flox, Nes-Cre +

5µm
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Does the brain-specific MSUD model have abnormalities on EEG?
 

Day 0 
Implant 

electrodes
in p60 mice

Day 2 
Begin

recording on 
regular (20% 
protein) diet

Day 4-5 
Transition

to 40% 
protein diet

Day 6-7 
Collect tissue 
for histology

Motor Cortex

Auditory Cortex

Visual Cortex

Somatosensory Cortex

CA1 region of Hippocampus



Analyzing background frequency shifts in EEG



Brain-specific MSUD mice demonstrate abnormal hippocampal activity

DbtFlox/Flox, Cre -

DbtFlox/Flox, Nes Cre +



Brain-specific MSUD mice demonstrate subtle anxiety phenotypes on behavioral assays



Is there a better marker of neurologic dysfunction in brain-specific MSUD mice?



Could functional neuroimaging detect neurologic deficits?

Curr Psychol (2023) 42:8156�±8163


