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How Strong Are Your Circuits?
What A Year! for October 2011

Sometimes we feel that our brains are just not working right. Older people complain a lot about their “failing memories” and most people have experienced the panic moment when something they know perfectly well slips out of their head in a moment of stress. To learn more about why this happens and the possibility of correcting the defect, read about the work of Dr. Amy Arnsten and her laboratory at Yale University.
To get the entire story, go to What A Year! and click on the 10.11 icon.
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1. What are the three main parts of the brain and what functions are they responsible for?

The three main parts of the brain are the cerebrum, cerebellum, and brain stem. The cerebrum is responsible for executive functions such as thought, planning, and sensory perception. The cerebellum is involved in functions such as language and motor control. The brain stem controls our most basic functions such as breathing and heart rate.

2. What is the prefrontal cortex and where is it located?

The prefrontal cortex is part of the cerebral cortex located at the foremost part of the brain, just beneath the forehead. It allows us to organize, plan ahead, and make good judgments.

3. What is working memory?

Working memory is the ability to retain “in mind” things that just happened and bring to mind things from the past. It provides the foundation for abstract thought.

4. What are neurons? What are the different parts of the neuron and how do they function?

Neurons are specialized cells of the nervous system that are capable of communicating with each other through electrochemical signals. The cell body of the neuron contains the nucleus and other organelles. Attached to the cell body are different extensions: dendrites receive signals from other cells and pass them to the cell body; axons pass signals from the cell body on to other cells.

5. What does “electrochemical signals” mean? How do they work to transmit messages from one neuron to the next?

When a dendrite receives a signal from a nearby neuron, it sends electrical current down to the cell body and on to the axon. At the end of the axon, the electrical current stimulates the release of neurotransmitters across the space between the neurons (the synapse), which are received by proteins on the dendrite of a nearby neuron.

6. What are pyramidal cells? How do they contribute to working memory?

Pyramidal cells are the most common type of neuron found in the prefrontal cortex. Working memory depends on the continual firing of pyramidal cells even without environmental stimuli. 

7. According to Dr. Arnsten’s research, how does stress affect working memory?

When the body is under even mild stress, it releases a type of neurotransmitter called catecholamines that opens up ion channels that normally remain closed. As a result, the connections between pyramidal cells are weakened and working memory function is impaired.

8. Describe the working memory tasks performed by the monkeys. What did Dr. Arnsten observe in these experiments?

In this working memory task, the monkey had to remember the direction an “X” flashed on the screen during a delay of several seconds. This task required the monkeys to keep “in mind” the direction of the “X” even after it had disappeared. Dr. Arnsten observed that older monkeys did not perform as well and rested more frequently than younger monkeys.

9. What is immunoelectronmicroscopy? When Dr. Arnsten viewed the images taken using immunoelectronmicroscopy what did they find? Based on these and prior experiments, what did they conclude?

Immunoelectronmicroscopy is an analytical technique used to see very tiny particles that cannot be seen by a normal light microscope. When Dr. Arnsten saw these images, she observed signaling molecules clustered around the dendritic spines of the pyramidal cells. Based on these results and prior experiments, she concluded that increasing the number of signaling molecules around the synapse caused the cognitive impairments associated with stress and aging as a result of weakened connections between pyramidal cells. 

10. Can cognitive function lost due to weakened connections between pyramidal cells be recovered? How did Dr. Arnsten figure this out?

It appears that cognitive function can be recovered by inhibiting the signaling molecules and blocking ion channels. Dr. Arnsten has tested the effects of a variety of inhibitory compounds on neurons and found that the connections between pyramidal cells become more robust.

11. What are the next steps for this research?

Clinical trials are being conducted now in humans using an inhibitory compound known as guanfacine. The aim of the study is to determine whether some of the cognitive defects associated with stress and aging can be reversed using guanfacine. 





To Think About:





Dr. Arnsten’s research has focused on pyramidal cells. This is one type of  neuron, but there are many others that perform a variety of functions in the brain. What are some other types of neurons? Where are they found? What do they do? What do they look like? How are they similar or different from pyramidal cells?





We talk about neurons as unique cells because they are capable of transmitting electrical currents. It is true that only neurons can send messages in this way, but they are not the only type of cell that can conduct electricity. What other types of cells in the body use electricity to perform vital functions?





In her research on stress, Dr. Arnsten focuses on catecholamines, one type of neurotransmitter. There are also many other types of neurotransmitters you may have heard of—dopamine and serotonin might be familiar to you—but probably many more that you don’t know about. What are some other types of neurotransmitters? What roles do they play in normal brain function? Are they associated with any mental illnesses or neurodegenerative diseases?











