
Methods of Neuroscience
Chapter 6



Introduction to methods

• Neuroscientists use methods borrowed from many disciplines

• Methods are divided into 4 major categories: 
• imaging anatomy

• imaging function
• imaging cells

• manipulating the nervous system



Approach taken by Lim and Sun (co-author)

• Many strategies can be used independently, but some may be 
used simultaneously

• Each technique can be considered in terms of 
• description of how it works

• its main advantages
• its shortcomings or limitations

• Should consider whether use is appropriate for non-humans; 
some techniques are best for humans



The questions we can answer are 
defined by the methods



Resolution

• Resolution can be a concern with 
imaging techniques

• 2 types of resolution
o Spatial resolution

▪ Ability to differentiate 2 points in space 
from each other

▪ Two signals very close together can be 
identified as 2 different signals instead of 
one

▪ Usually measured in units of distance or 
volume

▪ Highest spatial resolution of imaging 
techniques is offered by electron 
microscopy



Resolution continued

o Temporal resolution
▪ Ability to distinguish 2 events in 

time from one another

▪ Measured in units of time

▪ High temporal resolution allows 
differentiation of 2 signals as close 
together in the hundreds of 
microseconds range

▪ Electrophysiology has high 
temporal resolution



The case for human participants

• Primary end goal of biomedical research is to cure humans
• Humans can be great at following directions without training
• Usually cheaper than studying same question in non-human 

animal models



Human model 
organisms



The case for non-human subjects

• Ethical constraints
• Interest in behaviors of non-human animals (behaviors humans 

do not experience) - ex. Flying or slithering as means of 
locomotion

• Control of variables that alter behaviors; humans are weird 
(different backgrounds, with different sets of experiences, flaws, 
and biases)

• WEIRD (Western, Educated, Industrialized, Rich, and Democratic) 
- 96% of psychology studies, but 12% of global population – also 
affects our behaviors



More on ethics of animal research

• "3R" tenet of "Replacement, Reduction and Refinement"
• https://ccac.ca/
• https://www.stfx.ca/programs-courses/science/dean-

science/animal-plant-care/animal-care-committee

https://ccac.ca/
https://www.stfx.ca/programs-courses/science/dean-science/animal-plant-care/animal-care-committee
https://www.stfx.ca/programs-courses/science/dean-science/animal-plant-care/animal-care-committee


Experimental Studies



Contents
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6.4 Changing nervous system activity



History of brain “imaging”
• Manual dissection of brain post-mortem 

o1860s – Paul Broca & Patient Tan, who had severe 
language deficits

oBroca performed autopsy and observed localized injury –
likely the cause of language deficits

• Same time – Franz Gall, German neuroanatomist, 
published a treatise describing phrenology, the belief 
that shape of person's head and bumps on outside 
of skull could predict personality traits
oAn unsupported fad

• Both support localization of function; today, we think 
about connections between areas as being 
important to healthy brain activity

Polygon data were generated by 

Database Center for Life 

Science(DBCLS)[2]. License: CC-BY-
SA-2.1-jp

Cover of American Phrenological 

Journal from March 1848, volume 
10, number 3. Public Domain.

http://dbcls.rois.ac.jp/en/


Computerized tomography scan (AKA CT 
scan or CAT scan)
• Example questions answered:

o "Does the patient have a brain tumor, and where is the brain tumor located?"
o "Are the meninges intact?"

• Essentially a 3D x-ray that revolves around person as they move through scanner
• Computer, not radiographic film, is used to detect passage of x-rays; computer 

generates 3D reconstruction based on series of 2D images
• Spatial resolution of ~0.5 mm
• Generally used to assess diagnostic changes over several days so temporal 

resolution is not a consideration
• Can identify tissues of different density, so useful for identifying and diagnosing 

particular conditions (tumors)
• Hydrocephalus can be quickly identified
• Meningitis may present as increased contrast



CT scan advantages and limitations

• Advantages:
oNon-invasive (diagnose cause and hope to intervene while person is still 

alive)
oQuick (takes only minutes)

• Limitations: 
oHighly mutagenic so information to be gained must outweigh risks of 

exposure



CT scanner depicted



Class discussion



MRI

• Magnetic Resonance Imaging

• Magnets are powerful; typical hospital MRI magnets (15,000 gauss; 1.5 
Tesla); more powerful machines (100,000 gauss; 10 Tesla)

• Stronger magnets = better spatial resolution (currently in millimeters)
• But also cause issues

• Radio emission device (“coil”) sends and receives signals

• MRI detects changes in protons response to magnets and radio waves 
(changes in energy states)

CT scanner vs. MRI scanner

Some differences

How MRI machine works

The physics behind MRI

https://ca.images.search.yahoo.com/yhs/view;_ylt=AwrNPdektyNnPPUFt7w.7olQ;_ylu=c2VjA3NyBHNsawNpbWcEb2lkAzI1ZDg5YTg3ODhhMDdjOWYxMTI2ZDQyYTgxODNmYTJkBGdwb3MDNwRpdANiaW5n?back=https%3A%2F%2Fca.images.search.yahoo.com%2Fyhs%2Fsearch%3Fp%3Dct%2Bscanner%2Bvs%2Bmri%2Bscanner%26ei%3DUTF-8%26type%3Dfc_AC934C13286_s58_g_e_d011824_n9998_c999%26fr%3Dyhs-fc-2461%26hsimp%3Dyhs-2461%26hspart%3Dfc%26param1%3D7%26param2%3DeJwtj0tuwzAMRK%252BiZQJEMml9LMUrJ3YOUHTVIAvFUR3BX9guXPT0ldKCm8fhkBg2%252FnHNb28lAqQa1PVwG0JvjNEB4wgQdSpCU%252F%252FpgfwUMEOWMcyAoQxS48ag1Tbglw3Ujz%252B%252B62wiGZDd5ofHuC1kWAkCg5wEQYmcfCuxJ3aaOre5e%252BvXRPKMcUV27XPtuwPpfOtI4%252Bp23JP6OY%252B9S5CHA7HIYj%252Ft7P9XYqjl9UkMsLj5xRdRlHBCoOczaIpYVbSo%252BImaiymFUaqQANFfR3MKqaCQUpTvyI9CHyVnqOXHLyHVUqI%253D%26tab%3Dorganic%26ri%3D7&w=1200&h=628&imgurl=brettmollard.com%2Fwp-content%2Fuploads%2F2022%2F06%2FCT-Scan-vs-MRI-Whats-the-Difference-BrettMollard.com_-1.png&rurl=https%3A%2F%2Fnationaldefensepac.org%2F%3Fc%3Dct-scan-vs-mri-differences-between-safety-cost-and-ee-PxWb0OSa&size=134KB&p=ct+scanner+vs+mri+scanner&oid=25d89a8788a07c9f1126d42a8183fa2d&fr2=&fr=yhs-fc-2461&tt=CT+Scan+Vs+MRI%3A+Differences+Between+Safety%2C+Cost+And+Use%2C+60%25+OFF&b=0&ni=90&no=7&ts=&tab=organic&sigr=MkYDS8z_j9qm&sigb=cx3K7JWoTydC&sigi=ZL800apI1ebH&sigt=he_sTbXegJiw&.crumb=QsLDAfp.Bua&fr=yhs-fc-2461&hsimp=yhs-2461&hspart=fc&type=fc_AC934C13286_s58_g_e_d011824_n9998_c999&param1=7&param2=eJwtj0tuwzAMRK%2BiZQJEMml9LMUrJ3YOUHTVIAvFUR3BX9guXPT0ldKCm8fhkBg2%2FnHNb28lAqQa1PVwG0JvjNEB4wgQdSpCU%2F%2FpgfwUMEOWMcyAoQxS48ag1Tbglw3Ujz%2B%2B62wiGZDd5ofHuC1kWAkCg5wEQYmcfCuxJ3aaOre5e%2BvXRPKMcUV27XPtuwPpfOtI4%2Bp23JP6OY%2B9S5CHA7HIYj%2Ft7P9XYqjl9UkMsLj5xRdRlHBCoOczaIpYVbSo%2BImaiymFUaqQANFfR3MKqaCQUpTvyI9CHyVnqOXHLyHVUqI%3D
https://health.clevelandclinic.org/ct-scan-vs-mri
https://www.youtube.com/watch?v=HUUvBICd6QI&t=44s
https://www.youtube.com/watch?app=desktop&v=jLnuPKhKXVM&t=51


Diffusion tensor imaging (DTI)

• Example questions answered:
o "Are the properties of the medial longitudinal fasciculus related to normal language 

processing?"
o Are the properties of white matter different within the normal-appearing white matter of 

people with multiple sclerosis compared to healthy controls?
o Are the properties of white matter different before and after learning to juggle?

• Good for subtle anatomical changes especially related to white matter

• Uses MRI technology to detect the movement of water molecules, which is different 
in white matter (anisotropic diffusion) than in gray matter

• Spatial resolution can be on order of millimeters (very good)

• Low temporal resolution; not generally used for tracking over short time periods



Isotropic 
diffusion vs 
anisotropic 
diffusion



Diffusion tensor imaging depicted



DTI advantages and limitations

• Advantage: spatial resolution in order of mm
• Limitation: cannot give information about directionality of axonal 

projections



CLARITY

• Example questions answered:
o "Do neurons in layer 5 of motor cortex send axonal projections into the spinal cord?"

• Gives microscopic level analysis; able to visualize connectivity in the brain, giving 
spatial resolution at the order of microns

• Published in 2013 at Stanford by lab of Dr. Karl Deisseroth

• To stop lipids and cellular particles from preventing light to pass through nervous 
tissue, brain is flushed with chemicals to form gel matrix surrounding every cellular 
component & washed in detergent to wash away lipids and leave gel matrix

• Light-deflecting lipids being washed away allows a visual of where connections 
were – causing the brain to appear transparent



CLARITY advantages and limitations

• Advantages:
oConnections are made visible
oAble to see at the order of microns (spatial resolution)

• Limitations: 
oCannot be applied in an intact living organism
oDestroys tissue; destructive
oGel mold is just an image, all function is destroyed



CLARITY depicted
Video

https://www.youtube.com/watch?v=c-NMfp13Uug&t=98s


Rationale for imaging brain function

• Brain of a living and a deceased person might look identical 
anatomically, but they would exhibit significantly different 
function



Electroencephalography (EEG)

• Example questions answered:
o "At what times of the night does the sleeping brain exhibit synchronized neuronal activity?"
o "How does brain activity change when a person is having a seizure?"

• Can observe electrical activity of the brain; when firing simultaneously, currents 
produced by neurons can be so large they are detected on surface of head

• First used in 1920s by Hans Berger

• Sodium chloride gel is applied to scalp – conductor to allow currents to be picked up 
by electrodes (20-128 electrodes)

• Each electrode can detect voltage deflections as small as 10 microvolts

• Computer determines which cortical areas are exhibiting patterns of activity



EEG depicted

https://anchorlab.wixsite.com/anchorlab



EEG advantages and limitations

• Advantages:
o Sensitive enough to examine rapidly-fluctuating potentials and dissect components: beta waves, delta waves, and all 

frequencies in between

o Non-invasive; no permanent change or damage

o Standard part of polysomnogram; in fact, best and most reliable characterization of sleep phases

o Useful when person is under anesthesia to evaluate level of unconsciousness

o Relatively cheap – compared to other methods

o Mobile; heavy equipment is not required

o Useful in diagnosis of disorders resulting in aberrant cortical neural activity (ex. Epilepsy, migraine, Alzheimer's, 
depression, and possibly ADHD)

o Great temporal resolution (capable of sampling in range of 10,000 Hz) which helps with precise assessments of brain 
activity

• Limitations:
o Poor spatial resolution (increased with number of electrodes, but even with 128 electrodes, spatial resolution is ~7 

cm3)



Can EEG diagnose migraine, Alzheimer's, 
depression, and possibly ADHD? 
Search for diagnostic criteria of the disorder or disease
Search for reviews on diagnosis



















Positron emission tomography (PET scan)

• Example questions answered:
o "Which areas of the brain decrease in activity when a person experiences mild cognitive 

impairment?"
o "Do drug-dependent people have a high density of opioid receptors?"

• Application of nuclear medicine in which a tracer is injection into the bloodstream; 
tracer is unstable and emits positrons; emits gamma particles when positrons 
interact with electrons of nearby molecules – detected by machine

• Fluorodeoxyglucose-F18 (FDG) is a radioactive analog of glucose, a source of 
cellular energy; highly metabolically active areas take FDG into cells

• Change in energetic demand can be detected by increased glucose movement

• PET scanner looks similar to CT scanner
How PET works

https://www.youtube.com/watch?v=yrTy03O0gWw


Example tracer



PET scan depicted

How PET works

https://www.youtube.com/watch?v=yrTy03O0gWw


PET advantages and limitations

• Advantages:
o Effective at diagnosing and identifying locations of tumors
o Provides an overall picture of brain activity, which may help in diagnosing cognitive deficits, like 

dementia with Alzheimer's or Pick's disease
o Can visualize levels of receptors in vivo

• Limitations:
o Exposed to radioactive compounds and gamma wave radiation, which can be mutagenic
o Difficult to identify boundaries between tissues (so, often performed simultaneously with CT scan)
o Poor spatial resolution – differences between areas is only noticeable if volume is in range of 5-10 cm3

o Poor temporal resolution – takes tens of seconds or minutes before a change in signal can be observed 
and detected



Proton reactions to magnets and radio 
emissions



Functional magnetic resonance imaging 
(fMRI)
• Example questions answered:

o "Does blood flow/oxygenation increase in the right hemisphere cingulate 
gyrus when a person sees their loved ones?"

o "Which areas of the brain change in activity when a person is planning a 
motor action?"

• Can be used while person engages in a task; used to correlate 
behavior with activity patterns in specific parts of the brain



fMRI continued

• Oxygenated hemoglobin has different magnetic properties than deoxygenated 

hemoglobin

• Blood vessels near neurons needing more oxygen dilate – more oxygenated hemoglobin 

is delivered to those areas

• Change in blood flow is detected and called blood oxygenation level-dependent signal, or 

BOLD signal

• Temporal resolution is limited by speed of blood vessel dilation (seconds to tens of 

seconds)



fMRI advantages and limitations

• Advantages:
o Able to visualize brain activity in real-time during complex behavioral tasks

• Limitations
o Scanning tunnel (bore) is small and some people may experience anxiety, panic, 

or claustrophobia
o Machine is loud
o People cannot enter scanner with magnetosensitive implants
o Data can be difficult to analyze and frequently subjected to false positives

• Assumption of blood flow being related to neural activity, but may not 
always be the case



fMRI depicted



Imaging the cells of the nervous system

• Used to visualize morphology of structures smaller than hundreds 
of microns



Microscopy

• Example questions answered:
o "What is the diameter of the soma of a granule cell?"

o "How are the retinal neurons at the fovea different from the neurons in the periphery?"

• An old technique developed by Dutch scientist Antonie van Leeweunhoek (late 1700s)

• Lenses and a bright source of light were used to magnify tiny water-dwelling animals (~40 times closer 
than the unaided eye)

• Today, magnification achieved is up to 400 or 1000 times closer

• Types of microscopy
o Electron microscopes were developed in 1930s; use an electron emission device in conjunction with high-speed 

detectors to visualize structures on the order of nanometers (up to a million times magnified)

o Fluorescent microscopes use light sources to emit light at specific wavelengths – wavelengths at which protons 
activate proteins, which emit light at a different wavelength (which is then detected)

• Most other techniques rely on microscopy 



Fluorescent 
microscopy depicted



Staining

• Example questions answered:
o "Where is the white matter located in the brain stem?"
o "What is the morphology of dendritic arbor of a cerebellar Purkinje cell?"

• Often used in conjunction with microscopy

• Chemicals used to stain cells have different affinities for different parts of 
cells

• Process involves steps
o Fixation with a chemical like paraformaldehyde (PFA)

▪ Perfusion - hijack the endogenous circulatory system by flushing fixative through arteries

o Slicing of brain into sections with microtome or cryostat (~10 microns)



Staining depicted



Your Neuron Smears from Lab

• H&E Stain: hematoxylin and 
eosin stain

Slide

From Digital Histology ©
Project Directors: Alice S. Pakurar, Ph.D. and 
John W. Bigbee, Ph.D.
Design Coordinators: Kenneth Warren Foster, 
Ed.D. and Thomas W. Woodward, MS
Medical Illustrator: Carole W. Christman, Ph.D.

CC license

https://digitalhistology.org/tissues/nervous/neuron-types/neuron-types-1/


Slicing devices



Tract tracing

• Tract tracing - certain staining 
methods can be used to 
determine projections – 
anterograde trace (from soma 
to axon terminal) and 
retrograde trace (from axon 
terminal to soma)



Staining: limitation

• Limitation: Cannot be used with living tissue; only fixed tissue



Immunohistochemistry (IHC) staining

• Example questions answered:
o "Where is the protein actin located in a neuron?"
o "Is the protein PSD-95 expressed in the same areas as the NMDA receptor 

protein?"

• Modification of staining with increased specificity
• Primary antibody is selected because it binds to protein of interest
• Secondary antibody, conjugated with a fluorophore (light-producing 

molecule), is used
• Activation of fluorophore is used to identify location of primary 

antibody



IHC example



IHC: Underlying mechanism



Immunocytochemistry

• Could use antibodies & fluorescence microscopy to visualize 
elements of cells in a culture dish (in vitro)

• Called immunocytochemistry (cyto = cell, while histo = tissue)

• Immunolabeling strategy can be applied to whole brain after use 
of CLARITY



Immuno-chemistry: limitations

• Antibodies often exhibit nonspecific binding, leading to false 
positives

• Nonspecific binding also increases background noise, making it 
more difficult to identify a genuine fluorescent signal
oRinsing and exposure to blocking agents can help minimize nonspecific 

binding

• Not every single protein or enzyme has an antibody
• Some proteins are structurally similar to others, and an antibody 

to differentiate the two has not yet been 



Changing nervous system activity

• Interested in controlling some part of nervous system 
(either increasing or decreasing activity)

• Manipulating neural activity can allow establishment of 
causation (part of nervous system and function)

• Late 1700s, Italian biologist Luigi Galvani discovered frog 
muscles would twitch when nerves were electrically 
stimulated 

•  bioelectricity = endogenous electrical activity is important 
for muscle control, and by extension, the activity of the 
organism

• Work of Wilder Penfield in 1950s on epilepsy treatments 
allowed for neural manipulation in humans

• patients were given local anesthetic, skin above skull was 
resected, allowing access to brain, and brain could be 
stimulated without pain since brain has no pain receptors



Electrophysiology (Ephys)

• Example questions answered:
o "How frequently do neurons in the striatum fire 

action potentials?"
o "Does increasing cortical activity change the 

excitability of spinal cord neurons?"

• Use a rig to measure and manipulate electrical 
properties of nervous system

• Early use with Loligo squid
• In 1963, Hodgkin and Huxley won a Nobel prize 

for work that came out of Ephys techniques



Ephys continued

• Originally used to detect difference between 
inside and outside of neuron

• Often requires concurrent use of microscope

• Tiny micropipettes filled with an electrolyte 
solution can be inserted in neuron

• Electrical currents can be detected and 
recorded

• Currents can be associated with movement of 
charged ions during an action potential

• Can be used to manipulate activity, too

• Gives direct physical control over electrical 
properties of neuron



Electrophysiology (Ephys): advantages and 
limitations
• Very versatile

o Can ask questions from many levels, from behavior and neuronal circuitry to 
individual neurons and ion channels
▪ Record patterns of neuronal activity as subject performs behavioral task
▪ Stimulate neurons to see if behavior can be modified
▪ Examine activity of individual ion channels to determine conditions when they open and 

close

• Weakness: highly experimental nature of technique
o Many different preparations can be used: intact anesthetized, thin slice of living 

brain, neuronal culture, etc. 
o Gains in experimental control, loss in ability to generalize about data



Transcranial magnetic stimulation (TMS)

• Example questions answered:
o "Which part of the motor cortex sends signals to contralateral foot?"
o "Can activation of parts of the prefrontal cortex decrease the symptoms of 

depression?"

• Induction: movement of magnets can generate electric currents, 
and electricity can generate magnetic fields

• TMS machine = handheld coil of wires in a loop

• Passing electrical current through loop produces magnetic field

• Magnetic field generated induces an electrical current at some 
distance away from coil

• Place coil at surface of scalp to activate small areas of brain tissue



TMS: advantages and limitations

• Believed to have moderate benefits for several psychiatric conditions (potentially a therapeutic intervention)
o motor cortex activation for chronic pain conditions, Parkinsonian symptoms, and contralateral motor function following stroke injury

o prefrontal cortex activation can decrease anxiety, antidepressive symptoms, cigarette craving or consumption, and schizophrenia

o stimulations of other brain regions can be antiepileptic and may minimize auditory hallucinations or tinnitus
o Used clinically in NS (https://www.nshealth.ca/patient-education-resources/1975) 

• Non-invasive

• Unexpected consequences (ex. temporary headaches, localized pain, changes in hearing, and bizarre changes in 
somatosensation)

• Severe side effect: seizures

• Can cause dangerous interactions with an magnetosensitive implants, ex. deep brain stimulation devices, cochlear 
implants, or aneurysm clips (like MRI)

https://www.nshealth.ca/patient-education-resources/1975


Genetic modification

• Example questions answered:
o "Do rats behave differently if they do not synthesize the hormone 

leptin?"

o "How do mutated voltage-gated sodium channels change their 
neuronal action potential firing?"

• Rise in molecular genetics techniques since 1970s & 
genomes have been mapped out

• Knowledge of and capability to manipulate genomes 
allowed researchers to create animal models of a 
variety of human conditions

o Knock-out – use gene excision to remove a small section of genetic 
code

o Knock-in - gene insertion to put in exogenous genes into an animal

o Knock-downs – cause a moderate decrease in function

o Upregulations – some increase in function

o Conditional knock-outs – organism is normal until exposed to certain 
chemicals



Genetic modification: advantages and 
limitations
• CRISPR-Cas9 (recent advance) allows for targeted 

editing of genome – its simplicity, efficiency, and 
precision of method + potential therapeutic 
applications for treating genetic diseases

• Read more: https://www.technologyreview.com/2023/03/10/1069619/more-
than-200-people-treated-with-experimental-crispr-therapies/

• Many scientific advances have come from these 
research models developed from research with 
genetically modified mice

• Possible to develop multiple genetic crosses which 
allows for complex questions to be answered

• Difficulty in generalizing findings beyond genetic strain
• Unexpected side effects as a result of changing genetic 

code (manipulation may interact with other aspects of 
animal's physiology)

Video

https://www.technologyreview.com/2023/03/10/1069619/more-than-200-people-treated-with-experimental-crispr-therapies/
https://www.technologyreview.com/2023/03/10/1069619/more-than-200-people-treated-with-experimental-crispr-therapies/
https://www.youtube.com/watch?v=UKbrwPL3wXE


Optogenetics / Chemogenetics

• Example questions answered:
• "How does activating cortical glutamatergic drive affect firing rate of 

neurons in the striatum?"
• "Does inactivation of GABA-ergic circuits in the amygdala change anxiety 

behaviors?"

• Problems with early neural stimulation strategies: lack of 
specificity at area of stimulation + fibers of passage problem

• Both strategies increase the specificity of brain stimulation



Optogenetics

• Developed in 2006 by 
researchers at Stanford 
University

• Light sensitive-ion channel 
proteins called 
channelrhodopsin, ChR2

• Photon of blue light fits ChR2 
molecule, protein changes 
shape, causing cation channel to 
open, enabling inward flow of 
positively charged Na+ 

• ChR2 allows us to excite neurons 
with flashes of light

Video

https://www.youtube.com/watch?v=I64X7vHSHOE


Optogenetics: advantages

• Gives temporal resolution on the order of milliseconds
o Very fast – brief 0.5 ms flash of blue light is enough to trigger sufficient Na+ current to induce 

single action potential
Once light is turned off, channel closes in less than a ms

• ChR2 is not the only optogenetic molecule
o Halorhodopsin (yellow-green wavelengths to push Cl- into cell and inhibit 

neuron)
o Archaerhodopsin (light-sensitive proton pump that extrudes H+ ions and inhibits 

neurons)
• High specificity, since optogenetics is used in conjunction with knock-

in genetic modification technology or viral gene delivery to insert ChR2 
into unique cell populations
• Isolate effect of activation of specific cell population within an area of the brain 

with many types of cells



Chemogenetics

• Use various chemical agonists
• Usually G-protein coupled receptors 

that are activated only by exogenous 
drugs, but not endogenous 
neurotransmitters

• DREADD = designer receptor 
exclusively activated by designer 
drugs
o When exposed to designer drug, 

activation of intracellular signaling 
pathway that can either excite or inhibit 
the neuron, depending on the nature of 
the DREADD 

o Insertion of DREADD protein causes no 
changes in neuronal activity at rest

o Once exposed to exogenous drug, 
DREADD is activated, changing neuron 
activity



Chemogenetics: limitation

• Requires drug to enter system and subsequent GPCR activation 
before a change in behavior can be observed, DREADD offers 
significantly less temporal resolution than optogenetics 
o seconds to 10s of seconds in an ex vivo preparation
ominutes in behaving animals



Optogenetics/chemogenetics: advantages 
and limitations
• Combining optogenetics with Ephys has helped with 

understanding of connectivity between brain areas
• Behavioral testing with simultaneous optogenetic or 

chemogenetic stimulations gave insight into roles of specific 
neural circuits or neurotransmitters

• Quickly advancing understanding of nervous system



Introduction to Computational Neuroscience
• Branch of neuroscience that focuses on explaining 

neural mechanisms through computational methods

• Draws from other fields (electrical engineering, 
physics, and computer science)

• Sometimes described as being in silico preparation

• Provides tools and methods for developing models
• Descriptive models characterize what nervous systems do

• Mechanistic models determine how nervous systems relate 
with known anatomy and physiology

• Interpretive models lead to understanding of why nervous 
systems operate in a particular way
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