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Abstract (300 word limit) 

Background: Polymeric microbubbles are increasingly investigated as 

advanced theranostic agents for enhanced diagnostic imaging and 

targeted therapeutic delivery yet achieving their low polydispersity 

index and ability to retain shape under cryogenic conditions remain 

major barriers for consistent acoustic performance leading to clinical 

translation. While differential centrifugation and cryoprotective agents 

have been employed separately, their combined application for 

optimizing polymer-stabilized microbubble formulations has not been 

comprehensively investigated. 

Methods: 

In this systematic investigation, gas-core microbubbles were synthesized 

by applying controlled ultrasonication (20 kHz, 400W power output) to 

PVA-chitosan mixtures, forming nanocavity-stabilized shells. Produced 

microbubbles were systematically isolated into morphometrically uniform 

fractions using differential centrifugation. Cryoprotection was 

systematically achieved during snap-freezing and freeze-drying using 

5% sucrose as cryoprotectant. Size distribution analysis was performed 

via MATLAB-assisted morphometry and bright-field microscopy. Hot-

stage polarized light microscopy systematically investigated phase 

behavior during controlled thermal cycling (temperature range: -20°C 

to +40°C, heating rate: 2°C/min) to assess structural stability and 

acoustic performance parameters. 

Results: Initial suspensions exhibited marked polydispersity with particle 

diameters ranging from submicron to >15 µm and polydispersity index 

(PDI) of 6.49. Post-centrifugation microbubble suspensions showed size 

distributions cantered around 1.85 µm, with PDI reduced to 0.20 and 

coefficient of variation of 33.1%. Addition of the 5% sucrose solution 

did not distort microbubble shapes at cryogenic temperature as sucrose 

solution achieved vitrification instead of crystallization during thermal 

cycling. Reconstituted microbubbles maintained structural integrity with 

preserved nanocavity architecture, retaining morphology and 

functionality for >3 weeks post-freeze-drying. Acoustic signatures were 

also performed that yielded good results. 

Conclusions: The differential centrifugation of polymeric nanocavity 

bubbles reduced the PDI significantly from 6.49 to 0.20. Use of sucrose 

as cryoprotectant with PVA-chitosan microbubbles enhanced the lifespan 

while maintaining morphology. The approach transforms polydisperse 

populations into uniform systems with enhanced acoustic fidelity while 

preserving structural integrity through vitrification. The PVA-chitosan 

combination offers biocompatibility and superior preservation 

compared to conventional approaches, making it promising for clinical 

translation of ultrasound contrast agents. 
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Figure.1. Cartoon showing origins of polydispersity during Differential 

Centrifugation. 
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