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              With cancer incidence rates on the rise, treating 

patients effectively with currently available treatment methods 

is the biggest challenge. Currently, available cancer treatments 

lead to toxic side effects, and multidrug resistance, among 

others[1]-[3]. These limitations made biomaterials as drug 

delivery systems so valuable, and biomaterials composed of 

lipid vesicles, i.e., liposomes, are extensively being researched 

for the treatment of cancer effectively. Liposomes are employed 

as smart drug delivery systems (SDDS) for encapsulation, 

tumor targeting, and site-specific drug delivery while reducing 

systemic toxicity[4]. Liposomes have excellent 

biocompatibility, biodegradability, passive targeting capability, 

allowing their surfaces to be engineered with specific targeting 

ligands and control drug release. In addition, their unique 

structure enables them to encapsulate and confine both 

hydrophilic agents within their cores and hydrophobic agents 

within the bilayer, rendering them universal drug carriers[5]-

[7]. The features above make them an attractive choice as drug 

delivery systems. Further manipulating the composition of 

liposomes can render them responsive to specific stimuli, which 

provides complete control over the spatial and temporal release 

of the drug[8], [9].  

 
HIS study focuses on rendering transferrin-conjugated 

nano-liposomes sonosensitive by adding nano-emulsion 

droplets and studying the release of calcein upon exposure to 

the US. Emulsions such as perfluorocarbons have the phase-

transitioning ability to change from liquid droplets to gas upon 

ultrasound irradiation, which would sensitize liposomes to low-

intensity focused ultrasound and trigger drug release within 

short exposure times. This phenomenon is called acoustic 

droplet vaporization [10]-[16]. Liposomes are synthesized by 

the thin-film hydration technique and are composed of the main 

phospholipid dipalmitoylphosphatidylcholine (DPPC), 1,2-

distearoyl-sn-glycero-3-phosphoethanolamine-N- (amino 

(polyethylene glycol)-2000] (DSPE-PEG(2000) amine, and 

cholesterol. DPPC was used to construct the backbone of 

liposomes, whereas, the presence of DSPE-PEG(2000)amine 

on the surface of the vesicle, helps liposomes escape the 

opsonization process and prolongs the liposomal blood 

circulation time[7],[17]. Cholesterol, on the other hand, 

increases the stability of liposomes and provides fluidity to 

liposome membranes. Calcein is encapsulated in the liposomes 

during the rehydration phase. Synthesized liposomes are 

sonicated to achieve unilamellar configuration and extruded 

through a 200nm polycarbonate membrane filter. We target 

synthesizing liposomes in the size range of 100-200 nm, to 

allow extravasation into solid tumors via the enhanced 

permeability and retention effect (EPR)[5],[18],[19]. This 

enables liposomes to escape filtration by the liver and spleen.  

Emulsions are prepared by mixing hydrophilic phosphate-

buffered saline solution, and hydrophobic perfluoropentane 

(PFC5) stabilized by a DPPC surfactant film.  Nanoemulsions 

are obtained by extruding through a 50nm filter to enable their 

encapsulation into the liposomes. Dynamic light scattering 

(DLS) confirms the size distribution of both liposomes and 

emulsions pre-incubation. Incubation allows the aggregation 

and encapsulation of nanoemulsion assembly into the 

liposomes. Other liposomal characterization techniques, 

including the Stewart assay and bicinchoninic acid (BCA) 

assay, are used to estimate lipid content and confirmation of 
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transferrin conjugation to the liposomal surface, 

respectively[17], [20].  

Pulsed low-frequency ultrasound (LFUS) at 20 kHz was used 

to trigger calcein release from liposomes and eLiposomes 

(control and transferrin-conjugated). US power densities at will 

be used, namely 7.46, 9.85, and 17.31 mW/cm2 and are pulsed 

for 20 seconds “ON” and 20 seconds “OFF” cycles. The release 

of calcein is monitored by the changes in fluorescence using a 

fluorescence spectrofluorometer. An example of the cumulative 

fractional release from liposomes and their respective 

eLiposomes is provided in the preliminary results shown below; 

The figure above shows the release of calcein upon acoustic 
stimulation. The figure shows that eLiposomes exhibit higher 
release compared to liposomes. This is attributed to the 
presence of nanoemulsions that render liposomes more 
sonosensitive compared to regular liposomes. Investigation of 
transferrin (Tf)-conjugated eLiposomes will improve drug 
delivery methods. Furthermore, investigation of in vivo release 
experiments will provide a better insight into the bioeffects of 
acoustically stimulated Tf-eLiposomes on cells. 
 

REFERENCES 
[1] L. Nekhlyudov et al, "Cancer-related impairments and functional limitations 
among long-term cancer survivors: Gaps and opportunities for clinical 
practice," Cancer, vol. 128, (2), pp. 222-229, 2022. Available: 
https://onlinelibrary.wiley.com/doi/abs/10.1002/cncr.33913. DOI: 
10.1002/cncr.33913. 
[2] T. J. Brown, R. Sedhom and A. Gupta, "Chemotherapy-Induced Peripheral 
Neuropathy," JAMA Oncol, vol. 5, (5), pp. 750-750, 2019. Available: 
https://jamanetwork.com/journals/jamaoncology/fullarticle/2726030. DOI: 
10.1001/jamaoncol.2018.6771. 
[3] U. Anand et al, "Cancer chemotherapy and beyond: Current status, drug 
candidates, associated risks and progress in targeted therapeutics," Genes & 
Diseases, 2022. Available: 
https://www.sciencedirect.com/science/article/pii/S2352304222000472. DOI: 
10.1016/j.gendis.2022.02.007. 
[4] Z. Su et al, "Novel nanomedicines to overcome cancer multidrug 
resistance," Drug Resistance Updates, vol. 58, pp. 100777, 2021. Available: 

https://www.sciencedirect.com/science/article/pii/S1368764621000352. DOI: 
10.1016/j.drup.2021.100777. 
[5] P. Liu, G. Chen and J. Zhang, "A Review of Liposomes as a Drug Delivery 
System: Current Status of Approved Products, Regulatory Environments, and 
Future Perspectives," Molecules, vol. 27, (4), 2022. Available: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8879473/. DOI: 
10.3390/molecules27041372. 
[6] G. Bozzuto and A. Molinari, "Liposomes as nanomedical devices," Int J 
Nanomedicine, vol. 10, pp. 975-999, 2015. Available: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4324542/. DOI: 
10.2147/IJN.S68861. 
[7] P. Nakhaei et al, "Liposomes: Structure, Biomedical Applications, and 
Stability Parameters With Emphasis on Cholesterol," Front. Bioeng. 
Biotechnol., vol. 0, 2021. Available: 
https://www.frontiersin.org/articles/10.3389/fbioe.2021.705886/full. DOI: 
10.3389/fbioe.2021.705886. 
[8] M. Morales-Cruz et al, "Smart Targeting To Improve Cancer Therapeutics," 
Drug Des Devel Ther, vol. 13, pp. 3753-3772, 2019. Available: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6826196/. DOI: 
10.2147/DDDT.S219489. 
[9] M. P. Nikolova, E. M. Kumar and M. S. Chavali, "Updates on Responsive 
Drug Delivery Based on Liposome Vehicles for Cancer Treatment," 
Pharmaceutics, vol. 14, (10), 2022. . DOI: 10.3390/pharmaceutics14102195. 
[10] N. Al Rifai et al, "Ultrasound-triggered delivery of paclitaxel encapsulated 
in an emulsion at low acoustic pressures," J Mater Chem B, vol. 8, (8), pp. 1640-
1648, 2020. . DOI: 10.1039/c9tb02493j. 
[11] de Matos, Maria B. C. et al, "Ultrasound-Sensitive Liposomes for 
Triggered Macromolecular Drug Delivery: Formulation and In Vitro 
Characterization," Front Pharmacol, vol. 10, 2019. Available: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6906197/. DOI: 
10.3389/fphar.2019.01463. 
[12] J. R. Lattin et al, "Ultrasound-Induced Calcein Release From eLiposomes," 
Ultrasound Med. Biol., vol. 38, (12), pp. 2163-2173, 2012. Available: 
https://www.sciencedirect.com/science/article/pii/S0301562912004632. DOI: 
https://doi.org/10.1016/j.ultrasmedbio.2012.08.001. 
[13] C. Lin et al, "Ultrasound sensitive eLiposomes containing doxorubicin for 
drug targeting therapy," Nanomedicine: Nanotechnology, Biology and 
Medicine, vol. 10, (1), pp. 67-76, 2014. Available: 
https://www.sciencedirect.com/science/article/pii/S1549963413003365. DOI: 
https://doi.org/10.1016/j.nano.2013.06.011. 
[14] N. Rapoport, "PHASE-SHIFT, STIMULI-RESPONSIVE 
PERFLUOROCARBON NANODROPLETS FOR DRUG DELIVERY TO 
CANCER," Wiley Interdiscip Rev Nanomed Nanobiotechnol, vol. 4, (5), pp. 
492-510, 2012. Available: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3482424/. DOI: 
10.1002/wnan.1176. 
[15] O. D. Kripfgans et al, "On the acoustic vaporization of micrometer-sized 
droplets," J Acoust Soc Am, vol. 116, (1), pp. 272-281, 2004. . DOI: 
10.1121/1.1755236. 
[16] J. Liu et al, "Low-intensity focused ultrasound (LIFU)-induced acoustic 
droplet vaporization in phase-transition perfluoropentane nanodroplets 
modified by folate for ultrasound molecular imaging," Int J Nanomedicine, vol. 
12, pp. 911-923, 2017. Available: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5291457/. DOI: 
10.2147/IJN.S122667. 
[17] H. Nsairat et al, "Liposomes: structure, composition, types, and clinical 
applications," Heliyon, vol. 8, (5), pp. e09394, 2022. Available: 
https://www.sciencedirect.com/science/article/pii/S240584402200682X. DOI: 
10.1016/j.heliyon.2022.e09394. 
[18] N. Minocha and V. Kumar, "Nanostructure system: Liposome – A 
bioactive carrier in drug delivery systems," Materials Today: Proceedings, 
2022. Available: 
https://www.sciencedirect.com/science/article/pii/S2214785322063246. DOI: 
10.1016/j.matpr.2022.09.494. 
[19] R. Taléns-Visconti et al, "Nanoliposomes in Cancer Therapy: Marketed 
Products and Current Clinical Trials," Ijms, vol. 23, (8), 2022. . DOI: 
10.3390/ijms23084249. 
[20] N. M. AlSawaftah et al, "Transferrin-modified liposomes triggered with 
ultrasound to treat HeLa cells," Sci Rep, vol. 11, (1), pp. 1-15, 2021. Available: 
https://www.nature.com/articles/s41598-021-90349-6. DOI: 10.1038/s41598-
021-90349-6. 
  
 

-20

0

20

40

60

80

100

120

0 100 200 300 400 500 600

C
um

ul
at

iv
e F

ra
ct

io
na

l R
el

ea
se

 (C
FR

)

Time (Seconds)
eLiposomes Fr#1 eLiposomes Fr#2
eLiposomes Fr#3 eLiposomes Fr#4
Control Liposomes

Fig. 1.  Comparison between low-frequency 20kHz release behavior of 
Liposomes and eLiposomes using 20% power density  
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