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Preparation and characteristics of doxorubicin-loaded nanobubbles
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Abstract: Objective To prepare Dox-NBs(doxorubicin-loaded nanobubbles) and observe their physical
and chemical properties. Methods Blank ultrasonic NBs (nanobubbles) and Dox-NBs were prepared by the
methods of membrane hydrationand mechanical oscillation. The blank NBs group was taken as the control
group, and the Dox-NBs was taken as the experiment group. The particle size and Zeta potential of the two
groups were detected and compared by nano-particle potentiometer. The morphology and concentration of Dox-

NBs were detected by optical microscope and blood counting plate. The drug loading and encapsulation rate of
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adriamycin were determined by the microplate reader. It was necessary to observethe drug release rate in vitro
of the Dox-NBs group and the Dox-NBs combined with ultrasound group, and their development was observed
Results

in vitro under ultrasound. The average particle size of the Dox-NBs group and the blank NBs group

were (286.93+£14.45) nm and (119. 20£16. 89) nm, respectively, and the difference was statistically signifi-
cant ( P <C0.01). Their Zeta potentials were (—13.30%2.17) mV and (—11.07=%1.33) mV, respectively,
and there was no significant difference between them ( P =0. 056>0. 05). Dox-NBs was uniform in size and
shape, without aggregation, and the concentration was (3. 1742, 37) X 10* PCS/mL. The average doxorubicin
loading was (45.85%2.17) pg/mg, and the encapsulation rate was (42.40=£4. 62) %. There were statistically
significant differences in doxorubicin release at all time points between the Dox-NBs group and the Dox-NBs
combined with ultrasound group ( P <{0.05). Cumulative release of doxorubicin in the first 24 h was (48. 054
4.88) % in the Dox-NBs group and (72.2040. 85) % in the Dox-NBs combined with ultrasound group. In the
Dox-NBs combined with ultrasound group, the drug release reached more than 50% after 5 h; in the Dox-NBs
group, the drug release reached only about 25% after 5 h, andabout 50% after 24 h. In the first 3 h, the drug
release curve of the Dox-NBs group was more gentle than that of Dox-NBs combined ultrasound group. In vitro
Inthis experiment, stable Dox-NBsare success-

ultrasonography showed pointy and strong echo. Conclusion

fully prepared and the ultrasonic development effect is good in vitro. It provides experimental basis for the ima-

ging and treatment of tumor in vivo by drug-loaded ultrasonic nanobubbles in the future.
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ultrasound contrast agent; doxorubicin; nanobubble; therapeutic ultrasound
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gacure 2959, N, N'-X (75 # B:) Bt ¥ [N, N-bis
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4+ 1 ¥ # Fx Bt DPPA. DPPE. DPPC il DSPE-
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VA H R 5 75 53 A 5 ) Bl SR U 3 09 B M ORHE &
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mt R TR BT 65 ChndR EAERT, BRI B R
L PN B ST A Rk S AR s O BBUH W 50 L, DL K —5E L
Bl %) Pluronic 124, Dox. Irgacure 2959 V& IR & K
1 mL fin AR 35 % 5. 65 C /K 30 min; @
Ph2 s 1 @B im A NNDEA . BAC; @l i M 25 =
JEFEA C3F8 Sk, FHAR R A AL & 4k 3% 60 s, BT
254 nm AT T IRE 30 min.4 CHEE S E, FTEWH
W M s Dox-NBs, LA b #RVE R HEFT .

1.3.3 MAYCRMEARMERN K Dox-NBs K& NBs
JH PBS Fi B AH [R5 55, SR T 49 KR B R A SRS I A A
(R A% KN T A3 BIOBE L Zeta ML (X Be 3% B 45 F. T=
25 °C ,laser wavelength=660 nm,angle=90), %% i
fBE >} 400 F M %L Dox-NBs 1 — I 25, 1L BR 3 B
1% Dox-NBs W B[ 25 X 16 ¥k, 5 AL a= (b/
5) X 25X 10000 X #i B8 1.

1.3.4 Dox-NBs H' Dox # 2 & SR ME K
FHEEFR LI K A=483 nm 5 F T % i BT 5 K W i —
Wt BE AR e M 26 5 B 25 FH . B AE D Dox-NBs #%
BESTFHERN 12 000~14 000 Da % Hr4& i #r
B, LA R BRI B Y Dox, SR U TR MUK B M 5
AIRE N R . K R T A9 3% Dox 44 K JBk: Bk & L I U
1 s TRMARY L 75 f 76 B B fD PBS IR &P . MG
557 P il o SN VL G YR A W O B R T TR O O R AR
NBs fi# Dox Wi, V¥ 25 & = 3 Dox M &
(pg) /RT3 Dox 4K WU 19 T f (mg) . f &
=1 & Dox B & (png)/#iH Dox # A & (pg) X
100%.,

1.3.5 Dox-NBs &AM B SZ S 43 Dox-NBs
ZHF1 Dox-NBs B &8 F IR IF A AL . 43 il B4 Dox-
NBs BN E 5 mL B FBEHE P, #10, Dox-NBs
ZH 7 B A 200 mL PBS & 48 /1, Dox-NBs B4
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PIZ . P 90 K 10 ] # Ab J7 AN TR] . HG A 1k AN
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“* P <0.001,

SIS S S A

A 5

AE R T B AR AN B L

AW 58 78 A5 5 2 Ah 78 LAk 1 223508 1 W i Pluronic
124 NNDEA 4 = 7 oK F e M . Zeta HLAV
g LR £ 1925 11 NBs F1 Dox-NBs 7€ PBS i Wi
FEER MR ENE., R E MR Pluronic 2 —2&
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