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Abstract ² In this paper, we developed a low-cost 

intracellular delivery system based on microbubble and 

high gravity field. We successfully delivered FITC-

Dextran (40kD) into hard-to-deliver THP-1 cells. The 

results showed that our method achieved high delivery 

efficiency up to 80%. It was found that the delivery 

efficiency and cell viability were closely related to the 

centrifuge speed. We speculated that the burst of 

microbubbles causes transient pore opening thus 

increasing the chance of biomolecules entering cells. This 

fast, low-cost and easy-to-operate protocol is very 

promising for delivering therapeutic genes and drugs 

into any cells which do not actively take up extracellular 

materials. This method is most effective for in-vitro 

delivery, but after delivery, treated cells might be 

injected back to human for in-vivo imaging. 

I. INTRODUCTION 

Physical-based gene delivery method has been 
intensively investigated in the scientific world. Recently, 
the most two widely used techniques include 
electroporation and sonoporation [1-9]. For example, the 
electroporation based device Nucleofector

®
 has claimed 

itself to be stable and efficient even to difficult-to-
transfect cell types [10]. While sonoporation based 
Sonidel SP100

®
 seems to be feasible in animal test [11]. 

Compared to chemical-based gene delivery method, the 
advantages of physical-based gene delivery method is that 
it is more universal to different cell types. Due to the 
QDWXUH� RI� SK\VLFDO� IRUFH�� LW� GRHVQ¶W� UHTXLUH� PXFK�
endocytosis ability of the cells. It is also more useful 
when there is a requirement on target delivery. Yet, the 
high cost of the devices seriously impeded the spread of 
this new technology. Thus, a new low-cost physical-based 
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delivery method is in high demand both in research and 
clinical areas.  

In this paper, we report a new low-cost physical-based 
delivery system. By mixing our in-house designed 
microbubbles into live cell medium, the high gravity field 
created by high speed centrifugation enables us to 
efficiently deliver extracellular materials directly into the 
cell nucleus. For a proof-of-concept study, we have 
chosen FITC-Dextran (40KD) as a fluorescent label 
which is usually considered impermeable to cell 
membranes [12]. To explore the potential of this method, 
we chose human acute monocytic leukemia cells (THP-1) 
which is a notoriously hard-to-deliver cell-line due to its 
small size and low endocytic activity [13]. The results 
show that up to 80% delivery efficiency could be 
achieved. The confocal microscopy results indicate this 
method could directly deliver material into the cell 
nucleus. Considering the promising result and no 
requirement on special device in the experiment, we 
consider this method to be one potential candidate of low-
cost intracellular delivery methods. The cells delivered 
with fluorescent materials might be injected back to 
human body for tracking [14].  

II. MATERIALS AND METHODS 

A. Microbubble preparation 

1,2-Distearoyl-sn-glycero-3-phosphocholine (DSPC) 
(850365P, Avanti Polar Lipids) and Tween-80 (P1754, 
Sigma-Aldrich) were dissolved in chloroform (288306, 
Sigma-Aldrich) at a ratio of 10:1. The solution was then 
processed in a rotary evaporator (LABOROTA 4000, 
Heidolph) to form a thin film. PBS solution (14190-250, 
Gibco) was added to the vial afterwards to hydrate the 
thin film. The solution was stirred at 60°C which is above 
the main phase transition temperature of the phospholipid 
(~55°C for DSPC) for 2.5hrs. The resulting solution 
could then be stored at -20°C or be processed further. In 
the final step, glycerol (G5516, Sigma) was added to the 
solution with a ratio of 1:1, the mixture was then stirred at 
60°C for another 1.5hrs to form the microbubble solution. 
The solution could be activated to generate microbubbles 
or stored at -20°C. To activate the microbubbles, a certain 
amount of the final microbubble solution was transferred 
into a 1.5mL centrifuge vial. The vial was then activated 
in Vialmix

�
 for 45 seconds. As a result, the microbubbles 

were filled with air. In order to obtain fluorescent 
microbubbles, 20µL FITC solution (46950, Fluka) was 
added into the microbubble solution before activation. 
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B. Method overview 

Compared to electroporation and sonoporation, our 
developed delivery system has the following advantages: 
(1) No special equipment is required. The only equipment 
used is a centrifuge which exists in almost every 
laboratory. (2) Easy to scale up. For sonoporation, the 
experiment is usually performed in a petri dish or tube. 
To perform large-scale sonoporation, special containers 
are required. Moreover the ultrasound transducer 
allocation and power present cost issues. With a 
centrifuge, it is very common to cope with several tubes 
VLPXOWDQHRXVO\�� 2QH� FRXOG� HDVLO\� DFFRPPRGDWH� RQH¶V�
needs by changing to an appropriate rotator. (3) Till now, 
electroporation and sonoporation could only treat one 
cell-line at a time. For our method, it is very easy to treat 
different cell-lines at the same time just by allocating 
them to different tubes. Overall, our method could easily 
spread and has no special costs needed. 

V. CONCLUSION 

In this paper, we proposed an innovative delivery 
system based on microbubble and high gravity field. We 
have successfully delivered FITC-Dextran into hard-to-
deliver THP-1 cells with efficiency close to 80%. We 
speculated the mechanism of this method is a result of 
synergistic effects of transient cell membrane opening 
due to microbubble bursting. Using FITC-Dextran has its 
unique advantage because the fluorescent material could 
be visualized directly in order to determine its localization 
inside cells. Our method is a new physical-based 
intracellular delivery method which is achieved by 
microbubble and high gravity field. The method is low 
cost, and no special equipment is required. Most 
importantly, microbubble is made of biocompatible 
materials and is biodegradable after delivery. 
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