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Nanoparticle Treatment to Counter Reactive Oxygen Species after

Traumatic Brain Injury
Brandon McDonald & Dr. Forrest Kievit

Department of Biological Systems Engineering Nebraska
University of Nebraska Lincoln . Engineering AT

Background Nanoparticle Therapy Superoxide Dismutase Activity Assay
, Lo , Secondary damage 1s caused by an increase Superoxide Dismutase (SOD) 1s an antioxidant enzyme involved in the body’s

Iraumatic Brain Injury (TBI) 1s defined as in oxidative stress, which forces a oxidative equilibrium system, which converts ROS into oxygen and hydrogen
damage to the brain, result;ng from an biochemical imbalance in the brain. The peroxide, as shown in Figure 2.# Xanthine Oxidase (XO) is an enzyme that
extemal. mechanical force. TBI. 15 c.u.rrer.ltly spread of reactive oxygen species (ROS) is catalyzes the reaction of hypoxanthine into uric acid and ROS.> Hypoxanthine
the leading cause of death and disability 1n one of the main components for the long- is a purine derivative catabolized from nucleic acids or ATP. In this assay,
children and young adul.ts, with L7 million term development in TBI. We used the Tetrazolium Salt WST-1 is reduced into a water soluble dye upon the reaction
rep ortgd CdSEs ,a?m“aﬂy i Fhe United States NPs of Yoo et al. 2017, shown in Figure 1, with ROS. SOD will reduce levels of ROS, which are generated by XO, by
alone.” The 1n1t1a.11 trauma 1s followed by in efforts to bind and inactivate ROS, converting them into oxygen and hydrogen peroxide. The higher the levels of
secondary corrosive damage to the brain. reducing the spread of damage.’ SOD activity, the less dye will be produced. In order to counter oxidative stress,
There are current.ly no treatments to protect ] brain tissue will increase the expression of SOD. Our hypothesis states that NP
th? bralp from this deterioration. The aim for Controlled Cortical Impact treatments will reduce oxidative stress in the brain, reducing SOD expression.
this project was to study the effects of
nanoparticle (NP) treatments on reducing Controlled Cortical Impact (CCI) 1s a Figure 2:
this secondary damage using a mouse model commonly utilized method for modeling a Diagram illustrating the
of TBI. /\ Figure 1: TBI. The impactor is placed over the left o conversion of ROS if.ltO Oxygen

Neurolytic ) Inactivated T, frontoparietal cortex of the mouse’s brain. raares"s @ and Hydrogen Peroxide by the

ROS Lol species 1octher core NPs I include 4 m/s veloci % = enzyme, SOD.

utilized in these mpact parameters 1n.c ude 4 m/S ve 001.ty to \ o % AN ’
* Trf;'ﬁil,?r{.ﬁéf . experiments. a depth of 2.5 mm.W1tI.1 a.SQ ms dwell time
followed by NP tail vein injections.

Based on the data collected from 1. Xu, Julia, et al. “Theranostic oxygen polymers for

- treatment of traumatic brain injury.” Advanced
these SOD assay experlments, Functional Materials, 2016.

~ 2 Analysis was conducted using the data -
é Y S : evidence showed that NPs 2. Bharadwaj, Vimala N., et al. “Temporal assessment of
15 COHeCted fI’OIIl the SOD dsSsdy eXpenmentS reduced the spread ()f Odeathe nanoparticle accumulation after experimental brain
= ' ‘ . injury: Effect of particle size.” Scientific Reports, 2016.
= after 24 hours following CCI experiments. stress to the contralateral brain injury: Effect of particle size.” Scien ific Reports |
~ ) From the I‘€SllltS rovided 1n Fi ure 3 brain . 3. Yoo, Dasom, et al. “Core-Cross-Linked Nanoparticles
.*E 1 P ] 2 . ’ suggested by the I‘GdllCthIl Of Reduce Neuroinflammation and Improve Outcome in a
£ samples from the lett and right sides of the SOD activity in comparison to Mouse Model of Traumatic Brain Injury.” ACS Nano,
=05 brain following CCI experiments contained the injured animals that did not 2017,
< : 71 : .o : 4. Younus, H. “Therapeutic potentials of superoxide
w b
0 hlgher levels .O.f SOD aCtlYIty than the receive NPs. Additional studies dismutase.” International Journal of Health Sciences,
Figure 3: CCI-L  CCI-R  NP-L NP-R control. Additionally, brain samples from are needed in order to confirm 2018.
SOD Activity normalized to protein concentration of brain samples, the rlght side of the bram, which did not the benefits of NPs in reducing 5. Granger, D. N. “Role of xanthine oxidase and
after 24 hr. following CCI experiments. Samples include left and  receive NP treatment had higher levels of : granulocytes in ischemia-reperfusion ijury.” American
right (L/R) sides of the brain for mice with (NP) and without (CCI) g vy A Ltivits, than samples that received the .SPread of ROS, .hOWCVef» this ﬁ,”’;’;’;’ll;’f Plg;zglogy—fleart and Circulatory
NP treatment, in addition to a sample control (C) that did not s p project offers promise for the YS10l08Y, '
receive damage. treatment. promotion of future research.
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