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ABSTRACT
Extracellular vesicles (EVs) are lipid-based nanoparticles released by all cell types and are increasingly explored as natural 
delivery vehicles for therapeutic cargo. Their ability to carry drugs, proteins, and nucleic acids to specific tissues makes them 
a promising platform for future treatments. As their function and safety depend heavily on maintaining structural and 
biochemical integrity, evaluating EV stability is essential before these applications can be realized. EV isolation is time-
intensive and yields small aliquot batches making proper sample storage essential. Isolated samples must be stored at low 
temperatures to prevent the degradation of natural proteins and other biomolecules, however, repeated freeze-thaw cycles risk 
damage to vesicle structure and function. This study measured the effects of repeated freeze-thaw cycles on protein 
concentration to estimate sample degradation. EVs were isolated from local raw bovine milk using a modified aqueous-two 
phase separation protocol with polyethylene glycol (PEG) and dextran-based isolation. Seven samples, each from a different 
isolation, were placed in a freezer at C and thawed to room temperature. Protein content was quantified using a Rose
Bengal protein assay. No significant decrease in protein concentration was observed across freeze-thaw cycles. These results 
suggest that repeated freeze-thaw exposure does not substantially alter total measurable EV-associated protein content. 
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INTRODUCTION
Extracellular vesicles (EVs) are lipid bilayer-bound nanoparticles (< 200 nm) secreted by nearly all 

cells and can be detected in biological fluids, including bovine milk[1]-[3]. In recent years, EVs have been 
introduced as a novel component to research with biomarkers, drug cargo delivery systems, regenerative 
cell therapies, and personalized treatments[4]-[7]. In vivo, EVs function as intercellular messengers 
capable of autocrine, paracrine, and endocrine signaling[8].  Proteins, lipids, and nucleic acids are shuttled 
by EVs throughout the body, transmitting signals between cells[9]. This communication is vital for 
maintaining homeostasis and facilitating various biological responses[10]. The lipid, protein, and nucleic 
acid profiles of EVs are representative of the secreting cells from which they are formed and the signal 
they are transmitting[2]. As such, the composition is widely variable due to cell type, physiological 
condition, and disease state. While EVs maintain functionality in vivo[11], their stability following 
isolation has not yet been fully characterized, and questions arise regarding structural integrity after 
storage. Due to their macromolecular cargo, most groups use storage conditions aimed to minimize freeze-
thaw cycles based on general principles of protein stability[12], [13], however, the direct effects of these 
practices on EV protein integrity have not yet been thoroughly evaluated. 

The aim of this study is to determine the effects of freeze-thaw cycling on protein concentration in raw 
bovine milk(RBM)-derived EVs. As EV function depends on macromolecular composition[14], changes 
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