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BACKGROUND
Due to the increasing incidence of traumatic brain injury 
(TBI) and its strong correlation with predisposition for 
Alzheimer’s disease and other neurodegenerative 
illnesses1, it is critically important to better understand 
the mechanism of underlying pathology after TBI. 

Under homeostatic conditions, mitochondria maintain a 
balance of fission and fusion in order to address 
fluctuating energy demands and other cellular stressors. 
Mitochondrial fission is mediated by recruitment of 
cytosolic GTPase Drp1 to the outer mitochondrial 
membrane, and aberration in this process has been 
implicated in neurodegenerative conditions, including 
Alzheimer’s and Parkinson’s diseases2. The role of 
mitochondrial fission in neurodegeneration after TBI, 
however, is poorly understood. Aberrant fission can be 
reduced in animal models with the small peptide 
inhibitor P110, which blocks recruitment of Drp1 to the 
outer mitochondrial protein Fis13. We are investigating 
the role of mitochondrial fission-fusion dynamics in TBI 
pathology, using a model of TBI that incorporates aspects 
of concussive injury, acceleration / deceleration, and 
early blast wave exposure, which are the major forms of 
TBI experienced by people. We are also evaluating the 
potential therapeutic utility of P110-mediated inhibition 
of mitochondrial fission in this model.

STUDY DESIGN
C57/bl6 mice were anesthetized and placed inside the 
TBI chamber shown below, with their body contained in 
a protective shell so that only the head is exposed. The 
front chamber is pressurized and separated from the 
larger chamber containing the mouse by a mylar 
membrane designed to rupture at a pressure of 20 psi. 
After subsequent treatment with either P110 or vehicle, 
mice were tested for neurocognitive deficits, and tissues 
were collected for biochemical and 
immunohistochemical analysis.

RESULTS CONCLUSION
TBI in our rodent model shows an early increase in 
mitochondrial fission protein, Drp1, in the hippocampus, 
which returns to normal levels 2 weeks after injury. 
Specific inhibition of mitochondrial fission is protective 
against memory loss after TBI during these early stages 
after injury. Notably, early treatment in the two weeks 
following injury results in sustained protection from 
cognitive deficit 6 months later. This suggests that 
damage accrued within the first 2 weeks after injury is 
sufficient to cause sustained impairment 6 months later, 
and that treatment with P110 during this early time 
frame induces lasting rescue of normal memory. 

FUTURE DIRECTIONS
We will expand our understanding of the mechanisms 
mediating mitochondrial impairment after TBI at acute 
and chronic stages by using biochemical and 
immunohistochemical assays to investigate the effect of 
TBI and P110 treatment on specific cell types within the 
brain across time after injury. It is predicted that the time 
course of elevated Drp1 after injury will define the 
window during which P110 treatment is effective. We 
are also more fully characterizing the behavioral profile 
in our model to encompass performance in additional 
tasks related to neuropsychiatric function, as well as 
histologically characterizing the trajectory of 
neurodegeneration as a function of TBI and treatments 
with P110. Our goal is to facilitate discovery of  
mitochondria-based therapeutic neuroprotective 
approaches for patients suffering from TBI.
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Figure 2. Two weeks of daily treatment with 
P110 immediately post-TBI restores normal 
memory both acutely and chronically. Neither 
TBI or P110 affected the time spent investigating 
each of two objects in the familiarization phase 
of the novel object recognition (NOR) task either 
(A) two weeks post-TBI or (C) 6 months post-
injury. TBI impaired the discrimination index 
(ratio of time spent with a novel object vs. one 
of the familiar objects) at both (B) two weeks 
post-TBI and (D) 6 months post-TBI, and normal 
memory at both time points was rescued by 
daily treatment with P110 for two weeks 
beginning 24 hours after injury . Statistical 
analysis was done using Kruskal-Wallis non-
parametric test; data are represented as mean ±
SEM. 
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Figure 1. Drp1 in hippocampus is acutely elevated 
after TBI and returns to normal by 2 weeks. (A) 
Western blot images from hippocampus at two 
timepoints. (B) Comparison of relative intensities of 
Drp1 band standardized to GAPDH in hippocampal 
tissues. Data are represented as mean ± SEM. 

Figure 3. Neither TBI or P110 treatment affected mobility or 
anxiety-like behavior in the open-field task. (A,B) No 
difference between groups in time spent in the center or 
time spent at the edges of open field over the course of 5 
minutes. (C) No difference in the average speed of the mice 
for the duration of the open field test. (D) No significant 
difference in the average distance traveled by the mice for 
the duration of the open field test. Statistical analysis done 
using Kruskal-Wallis non-parametric test; data are 
represented as mean ± SEM.
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