
A few questions on the content of the 
previous lecture



Reproducibility refers to:

ⓘ Start presenting to display the poll results on this slide.



HARKing refers to:

ⓘ Start presenting to display the poll results on this slide.



Some ways to improve the replicability of scientific results 
are (multiple choice possible):

ⓘ Start presenting to display the poll results on this slide.



Any questions/remarks before we begin 
today’s lecture?
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What you can gain from this course

• Knowledge of the first neurological observations based on 

brain injury;

• Knowledge about the first experiments targeting brain function;

• Insight into the major paradigm shifts as our knowledge of brain 

function evolved;

• Appreciation of the complexity of brain function and structure.



Outline

1. The brain, from prehistory through antiquity

2. First steps towards modern neuroscience

3. From structure to function: Phrenology

4. Modern neuroscience: a work in progress

5. Women in the history of neuroscience



The brain, from prehistory through antiquity



The first knowledge of brain function arose from observing the effects of brain injury.

Edwin Smith Surgical Papyrus ~ 1000 BC (based on an older treatise ~ 3000 BC) 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2989268/ 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2989268/


Ephraim George Squier 

Oldest known neurosurgery (trepanation/trephination) on a living person ~ 1400–1530

In 1865, this Inca skull was gifted to Ephraim George Squier, an American archaeologist in Cuzco, Peru, who then 

also showed it to Paul Broca. In 1876, Broca relayed this finding to the Anthropological Society of Paris, but his 

conclusion, that the owner of the trephined skull healed and survived the surgery was met with scepticism.

The skull is now at the American Museum of Natural History, in NY. 

https://thereader.mitpress.mit.edu/hole-in-the-head-trepanation/ 

https://pubmed.ncbi.nlm.nih.gov/11846942/ 

Paul Broca

https://thereader.mitpress.mit.edu/hole-in-the-head-trepanation/
https://pubmed.ncbi.nlm.nih.gov/11846942/


https://tinyurl.com/43aj5sfr 

https://tinyurl.com/43aj5sfr


The first chapter, “A Hole in the Head: 

A History of Trepanation”, is freely available: 

https://thereader.mitpress.mit.edu/hole-in-the-head-trepanation/ 

https://www.sciencedirect.com/science/article/abs/pii/S1878875018306259 

https://thereader.mitpress.mit.edu/hole-in-the-head-trepanation/
https://www.sciencedirect.com/science/article/abs/pii/S1878875018306259


The Edwin Smith Surgical Papyrus describes the first 

reported case of aphasia: “Instructions for a gaping 

wound in the temporal bone" => “a wound in his temple, 

penetrating to the bone, (and) perforating his temporal 

bone” => “speechless”

https://tinyurl.com/3rtw6bu9 

This first edition of Hippocrates’ collected 

works was carefully edited by Aldo 

Manuzio’s publishing house. (Venice, 1526). 

https://tinyurl.com/4htscrat 

https://classics.mit.edu/Hippocrates/sacred.html 

Corpus Hippocraticum, by

Hippocrates (460 BC – 370 BC),

first placed the origins of epilepsy 

in the brain.

Until then, it was believed that

the seizures were a sign of

possession due to divine 

punishment.

First medical accounts of aphasia and epilepsy

https://tinyurl.com/3rtw6bu9
https://tinyurl.com/4htscrat
https://classics.mit.edu/Hippocrates/sacred.html


The heart v. brain dispute

Hippocrates
(460 BC – 370 BC)

Aristotle
(384 BC – 322 BC)

(Andrew Wickens, 2015, pg. 1)

Aristotle, by observing chicken embryos inside the egg, noticed that their heart was the 

first to show noticeable activity. He surmised that the heavy vasculature around the brain 

had the purpose of cooling down the body, a hypothesis which he extended to the human

brain, given its size. He further noted that touching the brain of a living animal did not 

trigger a noticeable sensation, and that some animals capable of feeling sensations did not 

have a brain (e.g., worms).



The first experiments

Galen of Pergamon 
(129 – ~ 213) 

https://tinyurl.com/28x9jxpt 

- described many of the cranial nerves and their function;

- inferred that the spinal cord is an extension of the brain and performed systematic lesion studies => sensory and motor 

function is compromised below the region of he injury;

- records two instances of infants losing the ability to vocalize after accidental injury to their recurrent laryngeal nerves;

https://tinyurl.com/28x9jxpt


The cortex

Erasistratus (304 BC – 250 BC) hypothesized that intelligence was correlated to the number of cortical convolutions. 

He inferred that the cerebellum must be relevant for movement, based on his observation that fast-running animals have

a more convoluted one compared to slow-moving animals.

The cerebral cortex remained however underestimated for a long time. Galen is reported to have said: “Even donkeys have 

a complex encephalon, whereas judging by their stupidity, [it] ought to be simple and uncomplicated” (Gross, 1998).

Human brain specimen: 

(a) inferior, (b) superior, 

(b) (c) right lateral ,

and (d) left lateral perspectives.

https://www.nature.com/articles/s41597-019-0254-8  
https://tinyurl.com/29v3yb26 

Donkey brain specimen:

(upper left) inferior, 

(upper right) superior,

(bottom) left lateral 

perspectives.

https://www.nature.com/articles/s41597-019-0254-8
https://tinyurl.com/29v3yb26


First steps towards modern neuroscience



The discovery of “animal electricity”

Luigi Galvani
(1737 – 1798)

Mary Shelley
(1797 – 1851)

https://tinyurl.com/yckrkzyw 

https://tinyurl.com/mwzkk3cv 

- Luigi Galvani discovered, on September 20th 1786, that the sciatic nerve of a dead frog could 

conduct an electrical signal and contract the frog’s leg;

- the invention of the galvanometer, in the 1820s, allowed Carlo Matteucci to show that nerves

and muscles do indeed contain some electrical signals, as Galvani had surmised.

Carlo Matteucci
(1811 – 1868)

https://tinyurl.com/yckrkzyw
https://tinyurl.com/mwzkk3cv


The discovery of the motor cortex

Gustav Fritsch
(1838 – 1927) 

Eduard Hitzig
(1838 – 1907)

John Hughlings Jackson
(1835 – 1911)

- was studying epilepsy, when he noted that epileptic seizures gradually propagated from the 

hands towards the face (“Jacksonian march“);

- hypothesized that different parts of the body were controlled by different parts of the cortex;

- surmised that aberrant electrical activity in the brain gave rise to epileptic seizures.

- in 1870, they identified the motor cortex experimentally, by electrically 

stimulating the motor cortex of a dog;

- they showed the contralateral correspondence between stimulation site

and the elicited movement;

- further supported their conclusion with targeted lesion studies of the 

motor cortex, in dogs.



The cortical homunculus

Wilder Penfield
(1891 – 1976)

- together with Herbert Jasper, he invented the “Montréal 

Procedure“, which identifies and destroys the neurons 

where an epileptic seizure originates;

- in preparation for the procedure, he would map out 

cortical function by electrically stimulating the 

patient’s brain;

- he thus mapped out motor and sensory function on the 

cortex => the cortical homunculus was born. 
https://www.nature.com/articles/s41586-023-05964-2/figures/4 

Throughout my career, I was driven by the 

central question that has obsessed both 

scientists and philosophers for hundreds of 

years. Are mind and body one? 

Can the mind - thinking, reasoning, 

imagination — be explained by the functions 

of the brain? As a doctor, my first concern 

was always for my patients — to relieve the 

terrible suffering caused by diseases such as epilepsy. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3221191/ 

https://www.nature.com/articles/s41586-023-05964-2/figures/4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3221191/


The neuron doctrine

A human neocortical pyramidal neuron stained 
via Golgi technique
https://tinyurl.com/258ece5e 

Drawing of a Purkinje cell in the cerebellum 
cortex done by Cajal, using the Golgi stain
https://tinyurl.com/258ece5e

https://tinyurl.com/2xwunam6 https://www.nobelprize.org/prizes/medicine/
1906/cajal/biographical/ 

https://www.nobelprize.org/prizes/medicine/
1906/golgi/biographical/ 

neuron = a single, independent 

unit of the nervous system

https://tinyurl.com/258ece5e
https://tinyurl.com/258ece5e
https://tinyurl.com/2xwunam6
https://www.nobelprize.org/prizes/medicine/1906/cajal/biographical/
https://www.nobelprize.org/prizes/medicine/1906/cajal/biographical/
https://www.nobelprize.org/prizes/medicine/1906/golgi/biographical/
https://www.nobelprize.org/prizes/medicine/1906/golgi/biographical/


From structure to function: Phrenology



Franz Joseph Gall
(1758 – 1828)

(Andrew Wickens, 2015, pg. 135)

(Andrew Wickens, 2015, pg. 142)



Modern neuroscience: a work in progress



A variety of neuroscientific branches

Cellular and molecular

neuroscience

neurons, glia, neurotransmitters,

receptors

Systems neuroscience

how neurons connect to

form networks that support

different brain functions Cognitive and behavioral

neuroscience

how brain function relates to

observable/measurable cognition

and behavior

Computational neuroscience

tries to explain, using mathematical models,

 the laws that relate brain function, at different 

levels of detail, to observable behavior and cognition

Translational and clinical neuroscience

tries to expand/translate basic or 

experimental research findings into

clinical tools to improve patient outcome



A variety of neuroscientific methods

Optogenetics
(Karl Deisseroth, but see also
Zhuo-Hua Pan)

“Optogenetics makes living neurons sensitive to light 

by introducing special genes, carried by a virus, 

which produce photoreceptive proteins. By shining light 

on those cells — generally with a fiber-optic 

wire — scientists can either activate or suppress 

particular groups of neurons, exploring how 

different parts of the brain work and how they 

communicate with the rest of the brain.” 

(https://tinyurl.com/4u5426nt) 

MRI

EEG

MEG https://tinyurl.com/26bedn9j 

https://tinyurl.com/5yzs59x6 

https://tinyurl.com/3bwnurs2 
https://tinyurl.com/52dwd9w4 

Psychophysiology 
https://tinyurl.com/mvnmt3s5 

TMS https://tinyurl.com/3hnz3b3f 

tDCS/tACS/tRNS

https://tinyurl.com/yc6h35p6 

and more…

https://tinyurl.com/4u5426nt
https://tinyurl.com/26bedn9j
https://tinyurl.com/5yzs59x6
https://tinyurl.com/3bwnurs2
https://tinyurl.com/52dwd9w4
https://tinyurl.com/mvnmt3s5
https://tinyurl.com/3hnz3b3f
https://tinyurl.com/yc6h35p6


Women in the history of neuroscience



https://pubmed.ncbi.nlm.nih.gov/12012582/ 

https://pubmed.ncbi.nlm.nih.gov/35705494/ 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8825414/ 

https://pubmed.ncbi.nlm.nih.gov/12012582/
https://pubmed.ncbi.nlm.nih.gov/35705494/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8825414/


Rita Levi-Montalcini
(1909 – 2012)

https://www.nobelprize.org/womenwhochangedscience/
stories/rita-levi-montalcini 

https://www.nobelprize.org/prizes/medicine/1986/
levi-montalcini/biographical/ 

The discovery of the Nerve Growth Factor (NGF),

crucial for the development and survival of 

sympathetic, sensory and forebrain cholinergic neurons

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4812798/)

Brenda Milner
(born: 1918)

Considered one of the founders of neuropsychology (the field studying

the impact of brain lesions) and for her extensive work on the case of 

anterograde amnesia of patient H.M. He died in 2008.

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2649674/) 

https://www.amightygirl.com/blog?p=25635 

Interview: https://www.youtube.com/watch?v=WgkAR-vrJpM&t=790s 

https://www.nobelprize.org/womenwhochangedscience/stories/rita-levi-montalcini
https://www.nobelprize.org/womenwhochangedscience/stories/rita-levi-montalcini
https://www.nobelprize.org/prizes/medicine/1986/levi-montalcini/biographical/
https://www.nobelprize.org/prizes/medicine/1986/levi-montalcini/biographical/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4812798/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2649674/
https://www.amightygirl.com/blog?p=25635
https://www.youtube.com/watch?v=WgkAR-vrJpM&t=790s


Anne Treisman
(1935 – 2018) 

National Medal of Science, in 2013

https://tinyurl.com/ypsnkzkr 

https://link.springer.com/article/10.3758/s13414-018-1563-2 

https://tinyurl.com/ypsnkzkr
https://link.springer.com/article/10.3758/s13414-018-1563-2


Leslie Ungerleider
(1946 – 2020)

https://www.pnas.org/doi/10.1073/pnas.2102784118 

Important research which led to

distinguishing the dorsal/”where”

from the ventral/”what” visual pathways

https://www.pnas.org/doi/10.1073/pnas.2102784118


Further reading
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