Al-assisted autonomous manufacturing of (on-demand,
tailored, tunable) drug-loaded nanoparticles by
multi-step continuous-flow platform
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THE FOUR INDUSTRIAL REVOLUTIONS
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Emergence of Al-Based Autonomous Systems
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Introduction: Autonomous Platforms
How Does a Self-Driving Chemical Platform Work?
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Introduction: Advantages of Autonomous Platforms

Why develop autonomous platforms?

Conventional Experiment
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Benefits

-

» Cheaper, faster, greener

* Enhance the capabilities of
the researcher

* Remove labor-intensive part

» Easier to solve complex problems
with Al-guided algorithm

* Increase reproducibility

* Discovery of new compounds

!nd formulations
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Introduction: Advantages of Autonomous Platforms

Which fields have autonomous platforms been used?

P

Chemical Synthesis

/QCataIytic reaction, Photoredox reaction,
" electrochemical reaction, etc.

Optimization
Algorithm
Materials Science
Closed-Loo @Metal nanoparticle synthesis, quantum dots, etc.
. Automated P Automated .. ..

,2°°  Analysis Reactor E
V\_/

Nanomedicines
Nanoparticle Drug Delivery Systems

@Lack of detailed study in nanomedicines
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Introduction: Nanoparticle Drug-Delivery Systems

Targeted Drug Delivery System
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Introduction: Challenges in Conventional DDS (example of Liposome)

Challenges for development of Autonomous Platform in Nanoparticle DDS?
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Introduction: Challenges in Conventional DDS (example of Liposome)

Challenges for development of Autonomous Platform in Nanoparticle DDS?
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Introduction: Challenges in Conventional DDS (example of Liposome)

Challenges for development of Autonomous Platform in Nanoparticle DDS?

Purification
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Introduction: Challenges in Conventional DDS (example of Liposome)

Challenges for development of Autonomous Platform in Nanoparticle DDS?

Characterization
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Introduction: Challenges in Conventional DDS (example of Liposome)

Optimization and Discovery
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Introduction: Autonomous Integrated Platform

Optimization and Discovery
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Module 1: Automated Nanoparticle Synthesizer
Automated Nanoparticle
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Module 1: Automated Nanoparticle Synthesizer
Without Drug Encapsulation
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Module 2: Purification Module
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Module 2: Purification Module

(2)
f 2/

Purification
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Module 2: Purification Module
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Module 2: Purification Module
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Module 2: Purification Module
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Module 2: Purification Module
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Module 2: Purification ModUle
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Module 3: Characterization and Optimization Module
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Module 3: Characterization and Optimization Module
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Integrated Platform

[ i i i T e e e e e e e e i |

Automated Nanoparticle Synthesis Small Scale Flow Dialysis Real-Time Monitoring :
Dox Stock (TTTTTTTTT T \ L ®, . |
| In citrate buffer | : < i »' l"fl J - DLS N UV-Vis :
| D & ;3 | : /V\ : Diffusion | Sample solution )) 214 / A j’".‘ l 2 /' \ .
: L ] | e . c /\"._,-*._!"\ \ 1A/l = I |
| VAV | g1 VWV YW 4 ’ |
3 i i Buffer solution k= . " """"""" | 24 .‘.*‘;/ : k_ |
| ' Valve A Pump A | Time Wavelength (nm)
~ LipidStock | : L e e e s e R R l
| pm EtOH : ; o High-Throughput Flow Dialysis Process Analytical Tools (PAT) !
‘ | ! ! T-Mixer |
@O G ! I l GC pH Meter |
i . ey 6 E /V\ i A s 2 ] f “} :
3 : 0 : Samp:Ie : I:> Ao : i
Q0 . Valve B Pump B | I ; - | » | | {[ | |
| I ! pr— A N A |
‘ : | - Buffer - :
Automated Nanoparticle Synthesis Module Purification Module . Characterization Module |
,\\ /_/
i Total Flowrate POPG  C_ : - + Nanoparticle Size Drug Loading :
Flowrate Ratio POPC/ChoIestroIé I ' + Ethanol Removal  pH Adjustment

_________________________________________________________________________

Al-Based Decision Policy

'VV:AA_:éNTROLLED RELEASE SOCIETY A\lll]ll&ll )lcclillg INTEGRATING

avo EXposition Delivery Science

JULY 8-12, 2024 + BOLOGNA, ITALY ACROSS DISCIPLINES



Integrated Platform: Time and Sample Efficiency Time Consumption for Upstream and Overall System
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Performance Evaluation: Liposome

Robustness
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Performance Evaluation: Polymeric Nanoparticles (PEG:PLGA)
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