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Leech Science

How I became involved in scientific 
research:

❖ Background in computer science 
at Wesleyan University

❖ Exercise physiology  
➢ Self improvement

❖ Autoimmune health issues 
➢ studied stress physiology

❖ Returned to school
❖ Received HHMI scholarship for 

research at UC San Diego
❖ Fell in love with basic research 

➢ 5+ years of leech science



Leech ScienceInvertebrates diverged ~570 MYA

~600 leech species

Most leech diversity in Minnesota

Some leeches suck blood,
others are carnivorous

Aquatic leeches in North America,    
Europe, Turkey

Terrestrial leeches in Southeast Asia

Kingdom:   Animalia

Phylum:   Annelida

Class:   Clitellata

Order:   Hirudinida

Family:   Hirudinidae

Genus:   Hirudo

Species:   H. verbana

https://en.wikipedia.org/wiki/Animal
https://en.wikipedia.org/wiki/Animal
https://en.wikipedia.org/wiki/Annelid
https://en.wikipedia.org/wiki/Clitellata
https://en.wikipedia.org/wiki/Leech
https://en.wikipedia.org/wiki/Hirudinidae
https://en.wikipedia.org/wiki/Hirudo


Neurobiology: 

The neuron is a specialized cell that transmits nerve 
impulses

Transmits information by electrical and chemical 
signals

The action potential is the unit of information of the 
neuron (binary, all or nothing, on or off)

the study of  the central nervous system and behavior at 
the level of individual cell properties and connections



Neurobiology of Hirudo verbana, a medicinal leech
Why the leech?

Basic science 
Hearty, robust animal
Relatively easy dissection
Reproducible morphology and anatomy

→ Easy to identify neurons in isolated ganglia

21 segmental ganglia, 
each containing ~400 large neurons

Simple behaviors
30+ years of electrophysiology reveals 
neural networks of well characterized behaviors

Simple behaviors can be evoked from isolated ganglia

Optical recording with voltage-sensitive dyes 
offers opportunity for computation

FDA approved medical device → readily available

Invertebrates easier to research than vertebrates



Monoamine neurotransmitters are conserved across kingdoms

Dopamine Norepinephrine Serotonin
(5-HT)

Dimethyltryptamine 
(DMT)

An organism’s ability to modify it’s behavior is advantageous to its survival

Monoamine neurotransmitters molecules play an important role in (almost) all life



Gallimore, Strassman - Journal of Scientific Exploration 27(3):455-503 · January 2013



What can we learn from the leech?

Simple behaviors, simple circuits….

Local bend circuitry

Pressure sensitive cells

Interneurons

Inhibitory motor neurons

Excitatory motor neurons



What can we learn from the leech?

Simple behaviors, simple circuits…..??

Swim behavior circuitry

Central pattern generator

Swim initiator cell

Motor neurons



Example of voltage-sensitive dye imaging in the leech ganglion 

Daniel A. Wagenaar J Exp Biol 2015;218:3353-3359

© 2015. Published by The Company of Biologists Ltd

Serotonin initiates fictive swimming behavior in an isolated ganglion



Effect of serotonin on Hirudo behavior is well studied

Serotonin initiates prey-seeking behavior
Blood serum levels of serotonin increase during swimming behavior

Increase further when animal is very hungry
Blood serum levels of serotonin increase to highest point when feeding → peak at moment of satiation when gut pouches engorged

Blocking serotonin by blocking monoamine vesicle transporter (reserpine) blocks swimming behavior by monoamine depletion

Chemical ablation of serotonin cells by 5,7-dihydroxytryptamine (5,7-DHT) in juvenile leeches prevents them from swimming ever again
→ Kills serotonin cells

In winter months, November thru March, serotonin levels are low and leeches will not swim



So what?
Why should we care about serotonin and behavior in the leech?

Could there be a conserved 
specialization of serotonin (and DMT) in 
common with all plants, animals, and 
humans?
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Family: 
Solanaceae



Family:  Solanaceae

Atropine Scopolamine Hyoscyamine

The delirium state produced by these molecules makes it impossible to tell what is real from what is 
imaginary. Objects and people in your direct experience may or may not exist. You lose all ability to 
differentiate reality from illusion.



Before:

Interested in brain and behavior 

Interested in doing work to 
empower “me..., my..., I...”

Interested in getting ahead for 
material benefit

Competitive.

After:

Interested in all kinds of new things

Fascination with DMT

Brain and behavior research felt 
solipsistic by contrast

I felt everything I knew to be true 
was shifting, changing in ways I 
couldn’t understand or predict

Drawn to investigate and study 
spiritual ideas

Desired to stop competing and 
trying so hard. Chill out, slow down, 
relax, and be more present to 
experiences. Let go.

Practice of being my best self



2013



ayahuasca

Art: Gloria Muriel



ayahuasca
What is ayahuasca?

A hallucinogenic tea traditionally used in shamanic traditions of the Amazon rainforest for 
healing and divination purposes

Vine:    Banisteriopsis caapi       →   contains Harmine, Harmaline, Tetrahydroharmine
Leaf:     Psychotria viridis            →   contains Dimethyltryptamine (DMT)

Shamans use ayahuasca to understand illness on a spiritual level

Believed to be practiced as an oral tradition for 1500-2000 years



Antidepressant effects of ayahuasca

Low in depression

     

Inflammation is 
elevated in 
depression and 
autoimmune 
conditions

Growth and increased 
activity seen in 
emotional processing 
areas

Cortical thinning in 
area associated with 
rumination 
(grows in depression)

Dos Santos, Rafael G. et al. Therapeutic Advances in 
Psychopharmacology 6.3 (2016): 193–213. PMC. Web. 
22 Feb. 2017.

1) Glutamatergic neurotransmission by 5-HT(2A) receptor agonism 
● Increase neurotrophic factors BDNF, GDNF
● Increase size of dendritic spines cortical neurons
● Enhancing neuroplasticity and neurogenesis

2) 5-HT(2A) receptor mediated anti-inflammatory actions
● 5-HT(2A) receptors expressed in immune cells

3) DMT and 5-MeO-DMT have been found to reduce mRNA expression
● Lower levels of IL-6, IL-8, IL-1β, TNFα
● Increase levels of IL-10
● Inhibit immune response Th1/Th17

4) DMT → Sigma-1 receptor agonism is anti-inflammatory in action

5) Harmine and harmaline have antioxidant and neuroprotective effects mediated by MAO inhibition
● Decrease neural oxidative stress
● Decrease neuroinflammation

6) Antiaddictive properties from indirect activation of dopaminergic system
● By 5-HT(2A) & 5-HT(1A) agonism → release of dopamine in the ventral striatum

7) Mood-enhancing properties (neuroimaging)
○ Modifications in the acitivity of the amygdala & anterior cingulate cortex
○ Modifications to the Default Mode Network

■ Decrease grey area and activity in Posterior Cingulate Cortex (rumination)
■ Decrease activity in medial Prefrontal Cortex 



8) Subjective experience opens a “window of opportunity” to do psychological work 
● Processing/reframing difficult emotional experience (aka trauma)
● Improvement in relationship to the outer world - social connections

Antidepressant effects of ayahuasca
Dos Santos, Rafael G. et al. Therapeutic Advances in 
Psychopharmacology 6.3 (2016): 193–213. PMC. Web. 
22 Feb. 2017.

9) Mystical, transcendent, peak experiences as psychological mechanism
● Deeply meaningful experience → strong positive memory
● Hypothesized to be like “inverse-PTSD”



The Hallmarks of Mystical Experience
1) Feeling of unity and interconnection

2) Transcendence of space and time

a) Freed from the shackles of ego

b) Identification of the self dissolves

c) Communion with the Ultimate

3) Feeling of sacredness, of divine origin

a) Leads to letting go of identity  i.e. “everything is perfect”

4) Sense of the noetic

a) Hints of an ultimate truth, ultimate meaning

5) Sense of ineffability

6) Sense of paradoxicality: Can hold all opposing truths in mind at the same 

time → all contradictions are reconciled

7) Sense of impermanence

a) Fleeting, but memorable → sparks a transformative shift in 

consciousness

8) A sense of joy, gratitude, and ecstasy    → A moment of BLISS

9) Life changing: death isn’t as scary thereafterThanks to Alan Watts, Jason Silva, & others



Where does DMT come from, anyways?
Miller–Urey experiment: repeated conditions of early Earth to test for chemical origins of life

Found water (H2O), methane (CH4), ammonia (NH3), and hydrogen (H2) 
→ produce amino acids:  glycine, α-alanine, β-alanine, aspartic acid and α-aminobutyric acid (AABA)

Tryptophan produced by cyanobacteria as chemical exploit 
→ highest quatum yield of energy from photon absorbance of all indole molecules
→ emergence of tryptophan synthesis in life marks switch from anaerobic to aerobic respiration

Serotonin is older than the nervous systems it modulates
→ most primitive life found to contain serotonin is the sea sponge

Tryptophan produced by cyanobacteria believed to be incorporated into chloroplast organelle of plants

Plants and animals all use monoamine neurotransmitters after Cambrian Explosion
→ DMT containing plants appear (Angiosperms)

65+ species of plants, 25+ species of toad, 2 species of bacteria, 2 species of marine sponge
And in the nervous system of mammals

Hominids diverged from Great Apes

Homo sapiens emerge

~13 BYA

~3.8 BYA

~570 MYA

~500-400 MYA

~250 MYA
~140 MYA

~6 MYA

~150,000 YA



Annelids diverge

Tryptophan produced by cyanobacteria

Serotonin is an important modulating 
molecule for plants and animals DMT containing plants emerge



Hypothesis: DMT is an ancestral neuromodulator

Implies: 

DMT evolved in nervous systems first

Therefore, serotonin is a specialization that was adopted later

 Gallimore, Strassman. Journal of Scientific Exploration 27(3):455-503. January 2013

https://www.researchgate.net/journal/0892-3310_Journal_of_Scientific_Exploration


EC Azmitia. SEROTONIN AND BRAIN: EVOLUTION, 
NEUROPLASTICITY, AND HOMEOSTASIS. INTERNATIONAL 
REVIEW OF NEUROBIOLOGY, VOL. 77. 2007.

A Ramakrishna. PHYTOSEROTONIN. Plant Signal Behav. 2011 Jun; 
6(6): 800–809.

Could there be a conserved specialization of serotonin 
(and DMT) in common with all plants, animals, and 
humans?

Serotonin in plants

Involved in mitosis, 
movement, maturation,  
flowering, xylem sap 
exudation, 
ion permeability and 
growth regulation: plant 
morphogenesis

Figure: A schematic representation of 5-HT raphe neuronal 
interactions with the key systems of the brain

Serotonin in humans

Art: Nina Angulo



Could there be a conserved specialization of serotonin 
(and DMT) in common with all plants, animals, and 
humans?

Serotonin in plants Serotonin in humans

Track the source of light, 
of solar energy

Focus on survival needs

Track the source of stimuli, 
of energy

Focus on survival needs
The 4 F’s: Feeding, 

Fighting, Fleeing, Sex

Serotonin may be an integrator of sensory information for all life
Art: Nina Angulo



Well, what about DMT?
Under normal sensory conditions, 10x more information travels from the brain to senses

→ Only small percentage of that relay circuit returns to the brain as sensory information
→ Most sensory information is ignored

→ The reason you don’t feel your shirt on is because you expect it to be there
“Is everything the way I expect it to be? Yes? Okay, good. Resume ignoring input.”

→ Known as “predictive coding”

If serotonin is confining our reality to fit our expectations in 3D relative reality, in 
order to fit the models of predictive coding, could this mean DMT is somehow showing 
us more information about reality than we expect to see?

Art: Nina Angulo



MeditationAyahuasca

Quiets the Default Mode Network (most 
notably mPFC & PCC): Less rumination!

Increased capacity for Equanimity

Learn how to let go of negative thoughts

Improved executive attention
Improved mood
Reduced stress hormones
Improved immunoreactivity
Improved parasympathetic activity
Improved brain activity in self-control 
networks
Improved alertness

Profound healing

Visions

Communion with 
the unseen world

A practice for life

Research shows 
practice continues 
to deepen after 
40K+ hours!

Tang. NEURAL CORRELATES OF ESTABLISHING, MAINTAINING, AND SWITCHING BRAIN STATES. Trends Cogn Sci. 2012 Jun; 16(6): 330–337.



Conclusions
1. Love: GIVE LOVE
2. Social connection, & dissolving boundaries between Us and Them
3. We are here to create, (not to destroy, control, dominate, etc.)
4. Ayahuasca may be the best antidepressant known to man. 

○ Visions are important!
○ Physical and mental well being go hand-in-hand

5. Meditation is for everyone. It’s as important as exercise, sleep, diet, etc.
6. There are many ways to quiet the Default Mode Network 

(art, mindfulness, yoga, flow states)
7. Depression is a gateway & is the most dignified of states

○ Expose us to our false beliefs
○ Challenges us to a profound journey of individuation
○ Most “real” state of mind, most accurate
○ Teaches us to be with the body, to let go, to surrender into darkness

8. Our highest calling is to be in service to Others
9. Be the change you want to see!

Art: Gloria Muriel
&

Alex H. Banach



Future Directions

More Research!

More Art!
We need a renaissance of art

Art: Gloria Muriel
&

Alex H. Banach
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