
In vivo Neuropathology: Detecting site-specific changes in neuroinflammation 
following treatment with low doses of known neurotoxins.
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Results

Highlights
• “In vivo neuropathology” is an imaging protocol using 
DWI and measures of ADC combined with computational 
analysis using a 3D MRI rat atlas with 173 brain areas to 
identify putative sites of neuroinflammation and edema 
following exposure to potential toxins.
• This non-invasive imaging protocol allows studies on 
time-dependent neuropathology.
• The global maps of neurotoxic injury can be used to 
guide histopathology during preclinical drug development.
• Analysis is achieved with a minimum number of rats 
adhering to the laws and regulations around the humane 
care and use of laboratory animals, providing an 
alternative to the traditional tests for assessing drug 
neurotoxicity. 
• “In vivo neuropathology” can minimize the cost of 
preclinical CNS toxicology, expedite the process, and 
identify subtle changes in site-specific brain 
microarchitecture across the entire brain.

Female rats, five per group, were treated with either a single IP 
injection for trimethyltin chloride (7mg/kg), a gold standard for 
CNS toxicity; a single IP injection of MK-801 (0.5mg/kg), an 
NMDA antagonist; a single IP injection of kainic acid 
(10mg/kg), a glutamate agonist; or 7-days gavage for BIA 10-
2474 (1mg/kg), a FAAH antagonist. After administration, the 
rats were returned to their home cage to be left undisturbed 
until imaged 3 and 7 post administration for trimethyltin and 7 
days post administration for all other groups. 

Twenty-five percent of small molecules in drug development 
for CNS indications fail in clinical trials due to complications 
with previously undetected neurotoxicity. Indeed, it is very 
infrequent that a drug is flagged for neurotoxic side effects in 
early drug discovery. The consequences are two-fold: 1) loss 
of time and money in bringing new drugs to market and, 2) 
the unwitting exposure of patients in clinical trials to the 
neurotoxic side effects of what otherwise could be a drug 
candidate that is effectively treating the problem. To address 
this issue, we developed an MRI protocol “in vivo 
neuropathology” to identify putative areas of 
neuroinflammation using diffusion weighted imaging and 
computational analysis. 

Summary
Trimethyltin affected many brain areas (A.) The 
sensorimotor cortices (yellow) and hippocampus (red) 
were particularly sensitive. BIA 10-2474 (B.) was limited to 
the thalamus (blue). MK-801 (C.) affected many areas 
including the thalamus (blue) and cerebellum (green). 
Kainic acid (not shown) had no significant effect of DWI 
measures at the dose of 10mg/kg. Postmortem histology 
confirmed site-specific microglia activation following 
trimethyltin exposure (data not shown). Histological 
validation of microgliosis for BIA 10-2474 and MK-801 is in 
progress.     

Shown above in Tables A., B. and C. are brain areas with significantly different  measures of ADC 3 days following TMT exposure. The brain areas are ranked in order of their significance (P-val) and 
effect size (omega square). Shown are the average (Ave )and standard deviation (SD) for the five rats. Note that all brain areas following TMT have ADC values lower than normal a possible sign of 
cytotoxic edema. ADC values for BIA 10-2474 and MK-801 are greater than the vehicle, a sign of vasogenic edema.  The localization of the significantly affected areas listed in the tables are presented 
in the 2D heat maps and 3D reconstructions.
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