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15.1: Prelude to Oxidation and Reduction Reactions
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Introduction

Theo Ross was not doing very well at his summer job, and he was frustrated. His boss had given him specific instructions, and yet
Theo kept botching the job, over and over again. Theo was not used to failure — he had achieved almost perfect scores on both the
ACT and SAT college entrance exams, and was headed to Stanford University in the fall. Why couldn't he get it right? It wasn't
brain surgery, after all.

Well, actually — it was brain surgery.

An April 17, 2014 article in Sports Illustrated tells Theo's story. Wanting to do something interesting over the summer of 2010
before he started college, Theo had applied for a research internship at the National Institutes of Health in Bethesda, Maryland.
This was an extremely competitive program normally reserved for outstanding college students, but somehow Theo had managed
to win a coveted spot in the program, working with Dr. Dorian McGavern, a neurologist studying how meningitis effects the brain.
Dr. McGavern assigned Theo the task of performing 'skull-thinning' surgery on mice, part of which involved using a special saw to
shave down a small section of the bone in order to gain access to the brain. It was a delicate procedure, something that even some
experienced neurosurgeons who had tried it had found challenging. Any small slip resulted in a concussion to the mouse's brain,
rendering it useless for the study. Theo just couldn't get the hang of it, and ended up concussing one mouse after another.

You have probably heard the old expression: “when life gives you lemons, make lemonade”. Theo made a lot of lemonade that
summer.

Theo and Dr. McGavern eventually realized that his failure at the procedure actually presented an opportunity to observe what
happens to a brain right after a concussive injury. Theo started doing more skull-thinning surgeries, but now the goal was to cause
concussion, rather than to avoid it. The concussed mice (who had been anaesthetized prior to the surgery) were immediately
strapped under a microscope so that Theo could observe how their brains responded to the injury. This was new, and very exciting
stuff: most of what neurologists knew about concussions up to that point had come from MRI (magnetic resonance imaging — see
chapter 5) or autopsies. Nobody knew very much about what happens at the cellular level in a brain in the minutes and hours after a
concussion has occurred. In addition, the problem of traumatic head injuries and the long-lasting effects they cause was becoming
an increasingly hot topic in the news, critically relevant to thousands of veterans returning from Iraq and Afghanistan as well as to
football players and other athletes in contact sports— including Theo, who had been a competitive wrestler in high school. (You
might have been wondering why Theo's story appeared in Sports Illustrated — now you know.)

Theo spent the rest of that summer, and every spring break and summer vacation over the next few years, working in McGavern's
lab on the new project. He and McGavern found evidence that the 'hidden' damage to a concussed brain — that which went
undetected in MRI scans but could come back to haunt the victim years later in the form of recurring headaches, memory loss, and
depression — may be caused by a type of molecule referred to as 'reactive oxygen species', or ROS, leaking from damaged tissues
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into the brain. ROS are potentially harmful byproducts of respiration such as hydrogen peroxide (H2O) that are constantly being
produced in our cells. Although ROS can cause serious oxidative damage if they are allowed to build up, our bodies have evolved
ways to deal with them, using so-called 'ROS scavengers' to convert them to something innocuous like water.

With this new understanding, Theo and his mentor had another idea: what if they could prevent the ROS from causing further
damage to a recently concussed brain by applying an scavenger to the injury? After some trial and error, they found that an ROS
scavenger compound called glutathione, when applied directly to the skull of a concussed mouse within a few minutes to three
hours after the injury, could permeate the bone and react with the ROS. Brain cells from these glutathione-treated mice appeared
normal, with none of the signs of ROS damage Theo was used to seeing.
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The road from an initial scientific discovery to a safe and effective medical treatment is often a very long one, but Theo Roth and
Dorian McGavern appear to have made a discovery that could eventually help prevent some of the most devastating and long-term
damage caused by traumatic head injuries. In the end, it's a very good thing that Theo's hands were not cut out for brain surgery.

The chemistry of oxidation and reduction - often called 'redox' chemistry - is central to Theo Roth's discovery about what happens
to a concussed brain at the molecular level. This chapter is dedicated to redox chemistry. We'll begin with a reminder of what you
learned in General Chemistry about the fundamentals of redox reactions in the context of inorganic elements such as iron, copper
and zinc: reduction is a gain of electrons, and oxidation is a loss of electrons. Then, we'll expand our understanding to include
bioorganic redox reactivity, examining among other things how alcohols are converted to ketones and aldehydes, aldehydes are
converted to carboxylic acids, and amines are converted to imines. We will also talk about redox reactions in the broader context of
metabolism in living things.

A central player in some of the biochemical redox reactions we will see is the coenzyme called glutathione, Theo Roth's 'magic
bullet' molecule that was able to rescue mouse brain cells from death by oxidation. We'll see how glutathione acts as a mediator in
the formation and cleavage of disulfide bonds in proteins, and how it acts as an 'ROS scavenger' to turn hydrogen peroxide into
water.

This page titled 15.1: Prelude to Oxidation and Reduction Reactions is shared under a CC BY-NC-SA 4.0 license and was authored, remixed,
and/or curated by Tim Soderberg via source content that was edited to the style and standards of the LibreTexts platform.
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