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Abstract—Nano-delivery vehicles have been a staple in point 
of care innovations for nearly two decades. Chief among these 
are liposomes, which are one of the best developed FDA delivery 
systems. A critical step of the optimization process is the loading 
of drugs within the core of the nano-carrier, known as 
encapsulation. Several procedures have been developed to 
increase the encapsulation efficiency, however, none are 
universal and can often change the native form of the drug. Here, 
we highlight an approach for rapidly and efficiently loading 
liposomes with the chemotherapeutic, Doxorubicin. We then use 
this method to deliver liposomal drugs to cancer cells in vitro.  
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I. INTRODUCTION 

Since their initial discovery in 1964[1], liposomes have 
been on the forefront of nanotechnology, and have been 
implemented in several point of care (POC) applications. 
These amphipathic nano-carriers have several advantages 
compared to other nano-vehicles such as polymeric 
nanoparticles, namely due to their biocompatibility and 
biodegradability[2], simplicity of production, and ability to be 
personalized for therapeutic applications. There are several 
methods for synthesizing liposomes on a large scale, including 
the injection[3], [4] and thin film deposition methods[5]. Both 
of these approaches allow for loading during the vesiculation 
(membrane closure) process, known as passive encapsulation. 
Using this technique, therapeutics are dissolved within an 
aqueous media. When introduced to the hydrophobic 
membrane constituents, the bilayer spontaneously forms and 
closes into a sphere, thereby encapsulating the surrounding 
media and the soluble therapeutics found in it. This method is 
simple and nearly universal, however the encapsulation 
efficiency (EE), calculated as the percentage of drug inside the 
nano-carrier compared to the total amount of drug initially 
available, is dependent on the reaction volume and lipid 
concentration used. However, in most cases the passive EE is 
only around 1%, leaving a large amount to waste[6].  

Several attempts have been reported to increase 
encapsulation efficiency. Most notable has been remote 
loading, also known as active encapsulation. This approach is 
capable of encapsulating nearly 99% of small molecules[7] 
and can obtain lipid to drug ratios of 30% (w/w). The active 
method uses transmembrane gradients to drive the diffusion of 
therapeutics into the liposome core. The stability and diffusion 
from the core is often reduced due to the change in ionization, 
which alters the logP value of the therapeutic. In some 
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circumstances, the therapeutics are chemically altered to 
precipitate within the liposome, retarding their escape from the 
even more. This approach has been used to successfully 
deliver concentrations of therapeutics to cells, however it has 
only been shown to work with certain small ionic molecules, 
limiting its use as a universal approach. Furthermore, the 
procedure alters the native structure of the therapeutic which 
may impact performance.  

Here, we describe a novel approach for loading liposomes 
with therapeutics, known as passive equilibration. We then 
demonstrate its use by delivering Doxorubicin (DXR) to 
cancer cells in vitro. 

II. METHODS 

A. Materials 
Cholesterol and 1,2-Distearoyl-sn-glycero-3-

phosphocholine (DSPC) were purchased from Sigma Aldrich 
(St. Louis, MO). Isopropyl Alcohol (IPA, 99% Pure), Ethanol 
(EtOH, 99% pure), Trypsin-EDTA, and 5-
chloromethylfluorescein (CMFDA) were purchased from 
Fisher Scientific (Hampton, NH). Glass syringes were 
purchased from Hamilton (Reno, NV) and luer lock dispensing 
needles were purchased from Jensen Global (Santa Barbara, 
CA). Amicon Ultra 100kDa filter centrifuge tubes were 
purchased from EMD-Millipore (Billerica, MA). A NanoJet 
syringe pump from Chemyx Inc. (Stafford, TX) was used for 
all experiments. Dulbecco’s Modified Eagle Medium 
(DMEM), Fetal Bovine Serum (FBS), and Penicillin-
Streptomycin antibiotic were purchased from VWR (Radnor, 
PA). MDA-MB-231 metastatic breast cancer cell line was 
acquired from ATCC (Manassas, Va).  

B. Synthesis of Concentrated Liposomes 
DSPC and Cholesterol were dissolved in alcohol (either 

isopropyl or ethyl) at a constant 2:1 molar ratio to a final 
concentration of 10M and 5M, respectively. The solutions 
were heated to 50 OC while being shaken at 270 rpm for 15 
minutes to ensure adequate mixing of the chemicals. The 
alcoholic solution was aspirated by a glass syringe and injected 
into a vial containing distilled water heated to 50 OC using a 
syringe pump set to a constant infusion rate of 50 L . min-1. 
The aqueous solution was constantly vortexed at 600 rpm 
during infusion and the vortexing continued for 3 minutes 
following the infusion. Following formation, liposomes were 
concentrated ten-fold by filter centrifugation for 60 minutes. 
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