
A few questions on the content of the 
previous lecture
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The neuron doctrine refers to (choose all 
that apply)

ⓘ Start presenting to display the poll results on this slide.
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The scientists whose research marked the start of the neuron 
doctrine were (choose all that apply)

ⓘ Start presenting to display the poll results on this slide.
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Phrenology was promoted by ....., who 
hypothesized that ....

ⓘ Start presenting to display the poll results on this slide.
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Any questions/remarks before we begin 
today’s lecture?
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Dr. Lavinia Carmen Uscătescu

Nervous system 
structure and 
organization

October 23rd 2023
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What you can gain from this course

• Basic knowledge of neurohistology;

• Insight into the role of neurons and glia;

• Insight into the role of brain cells in health and disease.
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Outline

1. The brain, by the numbers

2. The neuron

3. Cell components (organelles)

4. The glia

5. Neurodegenerative disorders
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REMINDER: 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
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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/


The brain, by the numbers
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The modern human brain (~ 1370 g & 1260 cm3 in the average male)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2776484/https://pubmed.ncbi.nlm.nih.gov/19226510/
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2776484/
https://pubmed.ncbi.nlm.nih.gov/19226510/


How do we know this?

Suzana Herculano-Houzel

https://www.suzanaherculanohouzel.com/lab.html

https://pubmed.ncbi.nlm.nih.gov/15758160/
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https://www.suzanaherculanohouzel.com/lab.html
https://pubmed.ncbi.nlm.nih.gov/15758160/


Why so many neurons?!

The Expensive-Tissue Hypothesis (ETH)

https://www.jstor.org/stable/2744104 https://tinyurl.com/2s4k2939

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6032294/
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https://www.jstor.org/stable/2744104
https://tinyurl.com/2s4k2939
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6032294/


The neuron
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Kandel et al., 2021, pg. 57

Kandel et al., 2021, pg. 56

* 1 μm (micrometer) = 10-6 m 
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Neuronal diversity (a) based on the number of processes that originate from the cell body

A single process 

emanating from 

the cell

Two types of processes 

that are functionally 

specialized: one axon for 

transmitting signals,

and dendrites for 

receiving input

Variants of bipolar cells, and

carry somatosensory information 

to the spinal cord. During

development, the two processes 

of the embryonic bipolar cell

fuse and emerge from the cell 

body as a single process that

has two functionally distinct 

segments. Both segments function 

as axons; one extends to peripheral 

skin or muscle, the other to the central 

spinal cord.

One axon and many dendrites.

The most common type of neuron in the mammalian nervous system.

Spinal motor neurons innervate skeletal muscle fibers .

Pyramidal cells have dendrites emerging from both the apex (the apical 

dendrite) and the base (the basal dendrites); found in the hippocampus and 

throughout the cerebral cortex. 

Purkinje cells of the cerebellum have a rich and extensive dendritic

tree that accommodates an enormous number of synaptic

inputs.

Kandel et al., 2021, pg. 60 16



(b) based on the shape of the dendritic tree

Bear et al, 2016, pg. 49

(c) based on the presence or absence of dendritic spines

dendritic spines 

small protrusions on the 

dendritic membrane; 

receive synaptic input

In the cerebral cortex, all pyramidal cells 

are spiny, but stellate cells can be either 

spiny or aspinous.

Hering & Sheng (2001) 
https://tinyurl.com/4npmfkyz

Bhatt et al. (2009) 
https://pubmed.ncbi.nlm.nih.gov/19575680/
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https://tinyurl.com/4npmfkyz
https://pubmed.ncbi.nlm.nih.gov/19575680/


(d) based on the type of connection

primary sensory neurons

have neurites in the sensory 

surfaces of the body 

(e.g., skin or retina)

motor neurons

form synapses in the muscles

and control movement

interneurons

form synapses with other

neurons;

most numerous

(e) based on axon length

Golgi Type I

projection neurons

have long axons that 

extend across different

areas of the brain

Golgi Type II

local circuit neurons

have short axons that

only extend in the

vicinity of the cell

(f) based on the type of neurotransmitter

Over 100 types of neurotransmitters enabling

diverse chemical signalling.

Neuropeptides/peptide neurotransmitters

large molecules (3 to 36 amino acids)

e.g., oxytocin and vasopressin

Small-molecule neurotransmitters

(a) acetylcholine

(b) monoamines

- catecholamines (dopamine, 

norepinephrine, and epinephrine)

- indolamines (serotonin)

(c) soluble gases (nitric oxide)

(d) amino acids (GABA, glycine, glutamate)
18



The cell body (soma)

Bear et al, 2016, pg. 30

REMINDER: Eukaryotic v. Prokaryotic cells

- well-defined nucleus 

containing chromosomes

- the chromosome lies in 

the cytoplasm in an area 

called the nucleoidhttps://tinyurl.com/8n3jmn74

- neurons are eukaryotic cells

- typical soma diameter ~ 20 μm

- delineated by membrane

- contains cytoplasm (organelles + cytosol)
19

https://tinyurl.com/8n3jmn74


The axon

The [axon initial segment] AIS. A, A typical neuron receives input on 

the cell body and dendrites (left). The [axon] hillock leads to the axon, 

which contains the AIS (orange). The distal axon contacts downstream 

neurons (right). B, Hippocampal neurons […]in culture labelled for the 

AIS. https://tinyurl.com/tcdrfvsk

Bear et al, 2016, pg. 42 Bear et al, 2016, pg. 42

or terminal bouton
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https://tinyurl.com/tcdrfvsk


The dendrites

Bear et al, 2016, pg. 45

Dendrite – receiving part of the neuron; receive synaptic inputs 

from axons of other neurons

Dendritic spine – small protrusions found on dendrites 

(the postsynaptic contact site)

Dendritic tree – total of a neuron’s dendrites

Dendritic branch – each branch of a dendritic tree

https://tinyurl.com/48bhmzc6
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https://tinyurl.com/48bhmzc6


Cell components (organelles)
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The nucleus

https://www.britannica.com/science/nucleolus

The nucleus is ~ 5–10 μm in diameter, and is surrounded by a double membrane 

called the nuclear envelope/membrane. It is filled with a suspension liquid called 

nucleoplasm/karyoplasm.

The nuclear envelope is perforated by nuclear pores ~ 0.1 μm in diameter.

The nucleus contains at least one nucleolus (pl: nucleoli; described by Gabriel 

Gustav Valentin in 1839), which is involved in the synthesis of ribosomal RNA

(rRNA) and the formation of ribosomes.

The pores in the nuclear membrane 

allow ribosomal subunits and mRNA 

transcribed off genes in the DNA to 

leave the nucleus, enter the 

cytoplasm, and participate in 

protein synthesis.
https://tinyurl.com/3jwanezx

Drawing of a neuron by 

Gabriel Valentin, 

showing the protoplasm 

(a), the nucleus (c), the 

nucleolus (d) and the 

axonal cone (b).

https://cerebromente.org.br/n17/history/neurons2_i.htm
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https://www.britannica.com/science/nucleolus
https://tinyurl.com/3jwanezx
https://cerebromente.org.br/n17/history/neurons2_i.htm


Refresher and clarifications

cytosol

the liquid inside a cell

cytoplasm

the cytosol + the 

organelles inside a cell, 

except for the nucleus

protoplasm

the cytoplasm + the nucleus

nucleoplasm

the liquid inside a nucleus

DNA (DeoxyriboNucleic Acid) RNA (RiboNucleic Acid)

https://tinyurl.com/ybhw5exf

Long-term storage of genetic 

information; transmission of genetic

information to make other cells 

and new organisms.

Is a double-stranded molecule 

consisting of a long chain of 

nucleotides.

Is self-replicating.

Used to transfer the genetic code 

from the nucleus to the ribosomes

to make proteins.

Is a single-strand helix consisting 

of shorter chains of nucleotides.

Is synthesized from DNA on an 

as-needed basis.

24

https://tinyurl.com/ybhw5exf


https://www.genome.gov/genetics-glossary/Nucleotide

nucleotide

basic building block of 

DNA

and RNA, consisting of: 

one sugar molecule (i.e., 

ribose in RNA, or 

deoxyribose in DNA),

a phosphate group, and a 

nitrogen-containing base

(i.e.,  A, C, T, G in DNA, and

A, C, U, G in RNA)

Refresher and clarifications
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https://www.genome.gov/genetics-glossary/Nucleotide


chromatin

combination of nucleic acids 

(i.e., DNA and RNA) and 

proteins (i.e., histones)

Refresher and clarifications

https://tinyurl.com/244ke22e

Histones form packs of eight (i.e., histone 

octamer) around which DNA wraps tightly.

This forms the nucleosome (i.e., subunit of

chromatin)

https://tinyurl.com/ycyycz42

chromatid

consists of tightly packed 

chromatin; two chromatids 

form a chromosome

https://tinyurl.com/52y5s2y2
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https://tinyurl.com/244ke22e
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The genetic information in the DNA is conveyed through gene expression and results in protein synthesis. 

Protein synthesis occurs in the cytoplasm, but remember that the DNA is contained in the nucleus.

So how does the genetic message from the DNA reach the relevant sites of protein synthesis in the cytoplasm?

This is achieved with the help of another long molecule called messenger ribonucleic acid (mRNA).

mRNA is also made of four nucleic acids (see slide 23), whose specific sequence reflects the information in the gene.

The construction of this specific sequence is called transcription, and the resulting mRNA is called transcript.

These transcripts exit the nucleus through the nuclear pores and travel to different sites within the neuron. 

At the final destination, the proteins are assembled with the help of amino acids.

This assembling of proteins from amino acids under the direction of the mRNA is called translation.

27
Bear et al, 2016, pg. 32



https://www.britannica.com/science/ribosome

The endoplasmic reticulum and the ribosomes
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The ribosomes are the site of protein synthesis. They can be

attached to endoplasmic reticulum (i.e., rough endoplasmic

reticulum), free floating (i.e., free ribosomes), or tied together 

by a strand of mRNA (i.e., polyribosomes).

The endoplasmic reticulum is an extension of the nuclear membrane.

If ribosomes are attached to it (i.e., rough endoplasmic reticulum),

then it is the site of protein synthesis. If not (i.e., smooth endoplasmic 

reticulum), then it is mainly involved in hormonal synthesis (depending

on cell type)

https://www.britannica.com/science/ribosome


https://www.nobelprize.org/prizes/chemistry/2009/yonath/facts/https://www.nobelprize.org/prizes/medicine/1974/palade/facts/

https://www.lindau-nobel.org/
29

https://www.nobelprize.org/prizes/chemistry/2009/yonath/facts/
https://www.nobelprize.org/prizes/medicine/1974/palade/facts/
https://www.lindau-nobel.org/


The Golgi apparatus/body/complex

30

Responsible for packaging proteins into vesicles for delivery to targeted destinations. 

Kandel et al., 2021, pg. 135Bear et al, 2016, pg. 37



The mitochondria
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https://tinyurl.com/4a3u9y8w

Bear et al, 2016, pg. 38

https://www.pnas.org/doi/full/10.1073/pnas.1810946115

Sugars, protein an fat, for the basis of pyruvic acid. 

The mitochondria take the pyruvic acid and the oxygen from the cytosol

and transforms them into adenosine triphosphate (ATP), which

forms the energy source of the cell.

https://tinyurl.com/4a3u9y8w
https://www.pnas.org/doi/full/10.1073/pnas.1810946115


The membrane and the cytoskeleton

32

The membrane (plasmalemma) is ~ 5 nm thick and is covered in proteins. These 

proteins vary according to whether the membrane covers the soma, the axon, or 

the dendrites.

The membrane stretches over a scaffolding called cytoskeleton, composed of 

microtubules, microfilaments, and neurofilaments. 

* 1 nm (nanometer) = 10-9 m 

Microtubules run longitudinally down the neurites (i.e., axons or dendrites), and

look like hollow cylinders. Their wall is made of proteins called tubulin, joined into 

long strands (i.e., polymers).

Microfilaments are formed by two polymers consisting of proteins called actin. They

run along the neurites, but are also attached to the membrane.

Intermediate filaments (i.e., intermediate in size between microtubules and 

microfilaments) are called neurofilaments when they are found in neurons. The are 

formed bundles of elongated protein molecules.

Bear et al, 2016, pg. 39



The glia
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Kandel et al., 2021, pg. 151

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6292669/

Santiago Ramon y Cajal first identified the presence of glia and suggested 

they may play an important role. 

Initially believed to be no more than the “glue” holding neurons together.
34

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6292669/


Astrocytes

Bear et al, 2016, pg. 37

Bear et al, 2016, pg. 37

Most numerous glial cells.

Only present in the central nervous system

(brain and spinal cord).

Regulate the chemical content of the

extracellular space, e.g., by restricting

the spread of released neurotransmitters,

or by removing neurotransmitters from

the synaptic cleft.

Help maintain optimal neuronal function

by controlling the level of ions (electrically

charged particles) in the extracellular space. 

Crucially, astrocytes form and maintain the blood brain barrier (BBB), which regulates the exchange of molecules between 

the central nervous system (CNS) and the outside environment, thus maintaining  CNS homeostasis.
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Kandel et al., 2021, pg. 158
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Bear et al, 2016, pg. 52

Myelinating Glia: Oligodendrocytes and Schwann cells
myelin

insulating layer of fat and protein 

nodes of Ranvier

gaps in between sheaths of 

myelin increasing the speed of 

signal transmission

Oligodendrocytes myelinate the 

axons of the neurons in the CNS

Schwann cells myelinate the 

axons of the neurons in

the peripheral nervous system
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Kandel et al., 2021, pg. 152
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Microglial cells

https://tinyurl.com/23eb5hxt

Make up ~ 10% of the glia in the CNS.

Similar in function to other macrophage (scavenger) cells,

they engage in the phagocytosis (ingestion) of the debris

resulting from tissue injury or cell turnover.

After brain damage, the number of microglia at the site of

the injury increases dramatically.

Critical for the immune response to infection or trauma, 

but can also contribute to pathological neuroinflammation 

by releasing cytokines and neurotoxic proteins and by inducing

neurotoxic reactive astrocytes. 

In the early stages of Amyotrophic Lateral Sclerosis (ALS), microglia may have 

a protective role by detecting and clearing away dead motor neurons (top),

but in the presence of chronic inflammation (bottom), overactive microglia 

can lead to the death of healthy neurons, which may cause the disease to 

progress more rapidly.https://tinyurl.com/23eb5hxt
39

https://tinyurl.com/23eb5hxt
https://tinyurl.com/23eb5hxt


Glial stem cells

Purves et al., 2018, pg. 8

(D) Glial stem cells in the mature nervous 

system include stem cells with properties of 

astrocytes that can give rise to neurons, 

astrocytes, and oligodendrocytes.

(E) Another class of glial stem cell, the oligodendrocyte precursor, has a more 

restricted potential, giving rise primarily to differentiated oligodendrocytes.

https://journals.physiology.org/doi/full/10.1152/physrev.00036.2013
40

https://journals.physiology.org/doi/full/10.1152/physrev.00036.2013


Ependymal cells

https://tinyurl.com/wvxu77h8

Ependymal cells are ciliated glial cells that form an epithelial barrier, 

called the ependyma, lining the brain’s ventricular system and the 

spinal cord’s central canal. They develop from radial glia along the 

surface of the ventricles of the brain and spinal canal. 
(MacDonald et al., 2021, pg. 1, https://tinyurl.com/wvxu77h8)

A. The ependyma is a single layer of ciliated, cuboidal cells

lining the cerebral ventricles (V). The lower image, a high 

magnification of the ependymal lining (rectangle in upper image),

shows the cilia on the ventricular side of the ependymal cells.
Kandel et al., 2021, pg. 161

Crucial for cerebrospinal fluid (CSF) homeostasis, brain metabolism, 

and the clearance of waste from the brain 41

https://tinyurl.com/wvxu77h8
https://tinyurl.com/wvxu77h8


Neurodegenerative disorders
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Multiple sclerosis (MS)

In MS, the immune system cells that normally protect us from viruses, bacteria, and unhealthy cells mistakenly attack 

myelin in the CNS (brain, optic nerves, and spinal cord).
https://www.ninds.nih.gov/health-information/disorders/multiple-sclerosis

Guillain-Barré Syndrome (GBS)

In GBS, the immune system cells mistakenly attack the myelin in the peripheral nervous system, as well as axons.
https://www.ninds.nih.gov/health-information/disorders/guillain-barre-syndrome

Amyotrophic Lateral Sclerosis (ALS)

Formerly known as Lou Gehrig's disease.

Caused by the degeneration of motor neurons, causing muscle twitching and muscle atrophy.
https://www.ninds.nih.gov/health-information/disorders/amyotrophic-lateral-sclerosis-als

And more

https://tinyurl.com/yc58t435

https://www.ninds.nih.gov/health-information/disorders/multiple-sclerosis
https://www.ninds.nih.gov/health-information/disorders/guillain-barre-syndrome
https://www.ninds.nih.gov/health-information/disorders/amyotrophic-lateral-sclerosis-als
https://tinyurl.com/yc58t435


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4936608/

Glial cells have more than a mere trophic 

role; they contribute to neurotransmission,

neuroplasticity and neurogenesis. They also help

maintain homeostasis and regulate neuroinflamation.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7730416/
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4936608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7730416/


https://pubmed.ncbi.nlm.nih.gov/25136294/ https://tinyurl.com/52z6pajb
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https://pubmed.ncbi.nlm.nih.gov/25136294/
https://tinyurl.com/52z6pajb


Further reading
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https://www.frontiersin.org/articles/10.3389/fnana.2011.00029/full#B52
47

https://www.frontiersin.org/articles/10.3389/fnana.2011.00029/full#B52


https://www.youtube.com/watch?v=07btnKn90dw

* also ask your tutors, Ana and Andrei, about ways to get involved 48

https://www.youtube.com/watch?v=07btnKn90dw
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