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ABSTRACT

Background and Objectives : The aim of this study was to investigate the value of microbubble destruction using
low-frequency ultrasound for enhancing gene delivery to skeletal muscles of laboratory animals. Materials and
Methods : Lac-Z gene was injected into 21 mouse anterior tibialis muscles. Seven muscles received the gene only,
and seven each received either 20-kHz ultrasound exposure or ultrasound-PESDA (perfluorocarbon-exposed
sonicated albumin) destruction, respectively, following the injection; the extent of Lac-Z expression was then
compared. Luciferase gene was injected into the muscles (N=80). The muscles were divided into two groups
according to the mixture; in the first group saline was used as the mixture solute, with PESDA used in the second
group. The groups were subdivided into two groups, one receiv 10 seconds of ultrasound at the injection site after
injection, and the other that received no further intervention. Luciferase activities were measured and compared.
Results : The proportions of Lac-Z stained cells were 0, 5.7 1.2 and 7.7 % 1.7%, respectively, showing a signi-
ficant stepwise increase microbubble destruction (p<0.05). Luciferase activities were as follows: Luciferase only
(Group 1, N=17), 5727 £2178 RLU/mg; luciferase plus PESDA (Group 2, N=17), 1170%470.7 RLU/mg;
luciferase plus ultrasound (Group 3, N=17), 164805239 RLU/mg; and luciferase plus PESDA destruction
(Group 4, N=17), 49910+ 16500 RLU/mg. The activity in group 4 was significantly higher than in group 1
(p<0.01), showing an 8.7-fold increase in gene delivery due to microbubble destruction. Conclusion : Micro-
bubble destruction using low-frequency ultrasound is an efficient method for increasing the efficacy of direct
gene delivery to skeletal muscles. (Korean Circulation ] 2006;36:32—38)
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Fig. 1. Microscopic images (X 200) after in vitro sonication of microbubble solution. With 25% energy, the microbubble count per mm® drops
from 1.9 X 10%/mm’ (A) to 1.0 X 107/mm’ (B), showing a decrease of more than 90% of microbubbles compared to baseline. Further increase
in sonication energy results in increase in destruction rates, revealing 99% destruction with 50% (C, 4.0 X 10°%/mm?) and minor increase in rate

with 75% (D, 1.5 X 10%/mm’).

Lac-Z gene only

Lac-Z gene+US

Lac-Z gene+MB+US

Fig. 2. Comparison between microscopic images of mice tibialis anterior muscles after Lac-Z staining (< 400). Lac-Z gene injection-only site,
gene injection-ultrasound exposure site, and injection-microbubble destruction site after Lac-Z staining are compared. With ultrasound and
microbubble destruction, visual demonstration of increase in Lac-Z gene expression is evident. US: ultrasound, MB: microbubble.

Gene injection only

Gene injection+US

Gene injection+MB+US

Fig. 4. Microscopic images of mouse anterior tibialis muscles after H & E staining (X 200). Lac-Z gene injection only, gene injection with
ultrasound exposure, and gene injection with microbubble destruction. No visible tissue damage at microscopic level can be identified with 10
seconds of low-frequency ultrasound exposure or microbubble destruction. US: ultrasound, MB: microbubble.
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Fig. 3. Comparison of proportions of Lac-Z stained skeletal muscle
cells. Specimens which received Lac-Z gene injection-only, gene
injection and ultrasound exposure, and gene injection with micro-
bubble destruction are compared. With ultrasound and microbub-
ble destruction, a statistically significant increase in percentage of
stained cells is demonstrated. US: ultrasound, MB: microbubble.
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Fig. 5. Effect of low-frequency ultrasound and microbubble destruc-
tion on luciferase gene expression. Groups with gene injection only
(group 1), gene-microbubble mixture injection only (group 2), gene
injection with ultrasound exposure (group 3), and gene injection
with microbubble destruction (group 4) are compared. Compared
to group 1, no increase in gene expression can be seen in group 2.
However, a 3-fold increase in gene expression in group 3, and a
significant 9-fold increase in expression in group 4 are noted. US:!
ultrasound, MB: microbubble.
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