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A field with a long history 5

Utilizing electromagnetic waves to simulate and stimulate neuron firing to 

control animal behavior has a long history. 

1993 2010

Background Methods/Science Citations and FutureCritical Analysis Conclusion



An introduction to previous failure 6

The introduction of the 2010 Nature 

paper describes previous failed 

attempts to control neurons with 

electromagnetic waves.

Previous Work 
section



The physics Behind Failure 7

For each step, the paper documents the physics of why previous attempts 

failed.

Example:
- Electrical fields penetrate 

shallowly, but interact 
strongly

- Magnetic fields penetrate 
deeply, but interact weakly



Why Mention Previous Failure? 8

The context of previous failure both frames and justifies this paper to a 

broad audience.

- Frame: an ongoing and widely spread effort

- Justification: a different method that corrects the failure of previous 

attempts



TRPV1: How our body detects heat 9

The Nobel Committee for Physiology or Medicine, Mattias Karlén

TRPV1: a temperature sensitive ion channel

● Closed: No calcium ion flow

● Open: Calcium ion flow

Background Methods/Science Citations and FutureCritical Analysis Conclusion



Magnetic nanoparticles and nanoscale thermometers 10

Targeted magnetic 
nanoparticles

MnFe2O4 + 

streptavidin

Nanoscale thermometers: fluorophores

MnFe2O4 + streptavidin

● Dylight549, GFP, CFP, 

ANNINE6, YFP, fluorescein

Cell membrane 

with protein marker 

AP-CFP-TM



Methodologies and Media used

Aqueous 
Solution

11

Cells C. elegans



Remote activation of TRPV1 12

MnFe2O4 + 

streptavidin

● Calcium concentration changes immediately

RF field ↑, 

temperature ↑,

TRPV1 opens,

fluorescence ↓

● Stimulated behavioral response in C. elegans

● Action potentials induced without cellular damage

Huang et al. 2010



Advantages of superparamagnetic nanoparticles 13

S. H. Bossman and H. Wang, 

Royal Society of Chemistry 2017

Zero average 

magnetization when 

no external magnetic 

field is applied

Higher 

susceptibility than 

paramagnets

Weaker magnetic fields 

are enough to control 

the magnetization

No agglomeration, 

biologically safe,

reversible



Magnetic nanoparticle heating mechanisms 14

Brownian 

relaxation: 

blocked 

magnetization

Whole particle rotates

Neél 

relaxation: 

unblocked 

magnetization

Only magnetization rotates

Heats up magnetic particles due 

to hysteretic losses

R. E. Rosensweig, JMMM 2002

• Efficient energy conversion from field into heat

• Only the intended target tissue is heated



Magnetic nanoparticle heating 15

Their nanoparticles:          

• 6 nm MnFe2O4 + streptavidin       →    Neél relaxation dominates

• Size distribution not mentioned   →    Possible source of efficiency loss

• Heating rate is sensitive to particle size

• Size dispersion is detrimental (σ=0.05: heating rate/2)

Power loss of SPM nanoparticles in AC field:

Huang et al. 2010



Can nanoparticles stimulate tissue? 16

Claim: RF magnetic fields heating nanoparticles can create 

local stimuli inside tissue

Experimental evidence:

•Temperature change measured by fluorescence: solution, cell

•Activation of calcium channel through heat

•Behavior change of worms

Background Methods/Science Citations and FutureCritical Analysis Conclusion



Fluorescence as a thermometer 17

Fluorescence luminosity approximately linearly dependent on temperature

Huang et al. 2010



Nanoparticles heat locally 18

Measurements

Huang et al. 2010
Simulation



Activating ion channels 19

Why not 100% effective?

Huang et al. 2010



Stimulating C. elegans behavior 20

Stimulus was added 5 seconds after spontaneous reversal, 

observed for 30 seconds.

Average period of spontaneous reversal ~60 seconds 
34 out of 40 worms “paused”, 27 

“reversed”. Why not all?

Ability to target single cells?: 

Unknown neural pathway for this 

behavior Huang et al. 2010



Citation Evaluation 21

663 Citations since publication 
(https://app.dimensions.ai/details/publication/pub.1022012087)

● Most citations focused on promising 

applications of hyperthermia using 

magnetic nanoparticles (MNPs)

○ Heat-based treatments

○ Controlled drug delivery

(Kumar, C. S. S. R. & Mohammad, F. Magnetic nanomaterials for hyperthermia-

based therapy and controlled drug delivery. Advanced Drug Delivery Reviews 63, 

789–808 (2011).)

Background Methods/Science Citations and FutureCritical Analysis Conclusion

https://app.dimensions.ai/details/publication/pub.1022012087


Representative Articles 22

❏ Improvements to NP delivery to brain using rats

(Huang, Y. et al. ACS Applied Materials and Interfaces 8, 11336–11341 (2016).)

❏ Studies to optimize MNP heating for cancer therapies

(1.Carrião, M. S. & Bakuzis, A. F. Nanoscale 8, 8363–8377 (2016).

❏ Improvements in methods of mapping intracellular temperature 

(Okabe, K. et al. Nat Commun 3, 705 (2012).)



Method for Treating Neurodegenerative Disorders 23

● Minimally invasive treatment method 

for Alzheimer’s & Parkinson’s

● Promising alternative to deep brain 

stimulation using electrodes

● Inventors utilize same mechanism as 

Huang et al.

○ Targets TRPV channels to 

stimulate Ca2+ ion exchange

K. Vafai and E. Kosari, “Method and system for thermal stimulation of targeted neural circuits for neurodegenerative 

disorders,” US11147982B1, Oct. 19, 2021 [Online]. Available: ttps://app.dimensions.ai/details/patent/US-11147982-B1

https://app.dimensions.ai/details/patent/US-11147982-B1


Conclusions 24

● Establish fluorescence as a nanoscale thermometer

● Authors demonstrate remote control of ion channels in cells using RF 

magnetic-field heating of nanoparticles

● Limitation: Heating not localized in C. elegans

● Implications and impact: Novel therapeutics

Background Methods/Science Citations and FutureCritical Analysis Conclusion

Huang et al. 2010



Thank you!

25
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Special thanks to Lance

Thank you!
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Contents
Summary: 

Previous Work:

Conclusions:

Which of these cells did the authors not use? 

A. Human Embryonic Kidney Cells

B. Rat Hippocampal neurons

C. C. elegans neurons

D. Mice Dorsal Root Ganglions

Quiz
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Contents
Summary: 

Previous Work:

What happened to the fluorescence as the local temperature 

increased?

A. Intensity increased

B. Intensity remained constant

C. Intensity decreased

D. Mmm worms

Quiz







Videos :) 31
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