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Preparation of propranolol hydrochloride cubosomes by pH gradient method
ZENG Lingjun, CHEN Xu, ZHANG Lingna, ZHANG lJialiang, SONG Hongtao, ZHOU Xin( Department of Pharmacy, No. 900
Hospital of Joint Logistics Support Force of the PLA, Fuzhou 350025, China)

[Abstract] Objective To prepare propranolol hydrochloride loaded cubosomes (PPL-Cubs) with high entrapment
efficiency. Methods PPL-Cubs was prepared by pH gradient method. Pressure and cycles of high pressure homogenization,
dosage of glyceryl monooleate and poloxamer 407 were optimized to prepare blank cubosomes with particle size and polydispersity
index as the indexes. The influences of various factors, including exterior pH values, internal pH values, the ratio of carrier to drug,
particle size and polydispersity index of blank cubosomes, incubation temperature and time, and drug concentration on the
entrapment efficiency were investigated. Results The blank cubosomes with small particle size and polydispersity index was
prepared under homogenization conditions of 900 bar for 7 cycles, glyceryl monooleate dosage of 25%, and poloxamer 407 dosage
of 5%. PPL-Cubs showed high entrapment efficiency with exterior pH value of 8.5, internal pH value of 3.0, ratio of carrier to drug
of 6 : 1, incubation temperature of 20 ‘C, and incubation time of 15 min, and drug concentration of 1%. The particle size and
polydispersity index of blank cubosomes showed no influence on entrapment efficiency. Conclusion PPL-Cubs with high
entrapment efficiency could be prepared under the pH gradient method.

[Key words] propranolol hydrochloride; cubosomes; pH gradient method
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ZJZ A, RN T Z R TR, AT BE5 IR
PR TR R A A X K A 1 A0 e SR B A 14 T A
KT ATIBT TR M, HRE 2R R AEAN R pH B
RGP IR R AT AR RS 57, NI, AR AEE
UTESL 7 W R o A R Al L, S pH BB JEE
R (E2 S, 4% PPL-Cubs, LUBHE R HALE 3

1 UFESHEH

1.1 ME

5 LC-20AD B = 20 A 35 A ( H AR 5
/3] ); DV215CD B43 A KAV (32 B R ZE W A /)
AL204 BUHL 1R [ M4l -FE R 200 (i) A
FRZA ] 1; DF-101B S 3T e # g 7 1 4 rds (4B
MR TRARAF); &R LR KRR
NIRO-SAVI S.P.A./\ 7 ) ; NICOMP 380 ZLS #¢
I SE AN (S5 [ PSS RLJEANA T ; Mg O
(100KD, Millipore ) .

12 &K%

IR Z5 IR R (BB 99.9%, ML FR I 25 A
PR \] ) 5 Byl e H b s (2 B GATTEFOSSé
H)); TR VDI 407 (15 E BASF 23 H]); HEE, 2%
et KB atK, KAk h ot

2 FEEHER

2.1 a3tFegne

HU PPL-Cubs i, 2 AMBIEELOAE T, T40001/
min &> 10 min, YA B0, R FHRBTLL F HH 2
7 AR R 286 R O A I R T I VR i
B EE Cyppsgs WARIENTIY PPL-Cubs, IE 254
WP C s IR AT EE(%)=[(C 5—Cijs)/ Cs 1¥100%
114 PPL-Cubs (o E%
2.2 PPL-Cubs #%] &
22.1 {HEAB

2% AR B Im R H MR 9 g AR VD Il 407
1.5 g, LA 10 ml JC/K Z B, 20 C K i FHEFER
fife, 7 A K KSR BRI 2595 7K 3.5 g, LA 86 g
afifbok, 20 'C KB T HFEEM, y BAH, T20°C
K S 600 r/min BEFEHE T, 4 A FHZE1E M
% B A, 1RGSR 1 h S IAGE f Al ik K il i
JF N 100 g, FR7E 800 bar [ 11 F & B 7 1K,
4 PPL-Cubs.
222 pHERER

i 2 PR ECHA IH R H Y R I 1, 40 °C K A
gL, S A FH; RSB FRBUAIE DI 407 1E &, A
2K, 40 C 7K ISR, I 1% BEIRE

WETT pH ZIRYE, i B AH; T 40 'C /K¥% M 600 r/min
PEFEH T, K A MHZR M2 S B A, Frmd 14
FF 30 min J&, 525 7 7 BT RRIRL A BUAs A
ST SR AORARRL A, R RO, 52 LT
T AB AN KL (B-Cubs) o HUER R 28 9% IR 118
ik, AR SRR IR KV U B R R 4R
& IR KB A — 2 HL B Y B-Cubs H1, $ii #1442,
IS EACENIA O Y pH 2—E(H, T—E R
TR — R, PR 2 =R, BI4S PPL-
Cubs,
2.3 B-Cubs #9#H & T ¥ AL

FHA G 25 SR B, WG i P L m el IR
B NIKAH pH (%) B-Cubs BRI FEA TCREM, 12
349 J5 e 7 K 34 vk B i e HoRr AR Y E IR R,
WCAIE— 25 A i FE 2 5 e 0 A vk
231 EEREEE IR HELE

PR “2.2.27 1 J ik, BUZS ST 7 S AN KR
FLEL, 4R BIFE 400, 600, 800, 900, 1000 bar T /& &
PIRR 7 Uk, I A2 145 B-Cubs FRLIR & 2243 ke 5k
(L3 1) . S5 R, B R ) 4 s, il
5 B-Cubs R4 FN1 22 70 A8 B8 B /N, 2434
J5i & 71 =900 bar i}, B-Cubs 4 RE A2 F1 2243 Hlde 41
AEAREE /IS, HOR R i R 5 TR 12k 900 bar,

®1 SEHARENNER (n=3)

J% 41 (bar) A% (nm) EZ/iaiCizh
400 169.1+3.5 0.189+0.056
600 129.9+3.2 0.172+0.062
800 110.9+2.7 0.126+0.041
900 97.9+2.1 0.073+0.016
1000 96.4+1.9 0.057+0.009

232 mEEBRIRE 5

FEAR“2.2.27 0T Jy i, BUAS IS 07 W R A AR
FHL&h, 43 5FE 900 bar FE 5 3.5, 7. 9 Ik, il
FE il 15 B-Cubs URI1R M 20 R B (L3 2) . 4%
SRR, Bl = 34 BT B 38, 145 B-Cubs 4L
1 2 43 BUHR B33 % W/, Y B R =T IR
fif, B-Cubs HRLAE FI 2253 R BB AN, H0h
2.4 B-Cubs #94 FH 440
2.4.1  FAYHER H MR 5

FTF AL B-Cubs fefdiil & T2, #i i “2.2.27
WUR I, @ g v i 407 &R 5%, NKAH
pH iy 3.0, 5 4 By 1R H il g H i (15%. 20%.
25%. 30%. 35%) %} il #3 B-Cubs Fif& & £ 43 HliE
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®2 BEHBRBMER (n=3)

WK Hif (nm) 2R
3 160.4+4.6 0.173+0.052
5 129.243.8 0.140+0.037
7 97.9+2.1 0.073+0.016
9 93.3+1.7 0.067+0.011

By (W3 3) . 45 SRR, Rl ERym iR HhEe
A9 N, H75 ) B-Cubs KR 2 e I/NG B K
P, Z 0 EREONAS W AR, > 5y 2 H i i
H 25% I}, il 15 B-Cubs EL A B/ MK AR A&
HIZ 5 AR AL, SO e SR HHMEE S 25%.

*3 RMBRHMEAENER (=3)

HI#E (%) HifE (nm) EZ i €11
15 137.8+3.4 0.160+0.033
20 119.2+2.9 0.147+0.032
25 97.9+2.1 0.073£0.016
30 118.3+3.5 0.024+0.015
35 150.8+5.4 0.026+0.011

242 AV 407 FHE %5

ST B-Cubs fefEfil & T2, #2218 “2.2.27
TR 5, [ B R H R A &R 25%, PIZKAH
pH K 3.0, HEHIE P 407 3 (3%, 4%. 5%.
6%, 7%) X i 15 B-Cubs kit [ 253 B HEEX 15200
(W3 4) . Z55FKW], §il15 1 B-Cubs Rif2 Bl IR
VDI 407 FHER A3 B BREAIR, 25 i 08 LI
B LA, B8N (<0.1) 5 STH & V0 1 407
T =5% B, RLAR S AR B R AR, ORI i VD 1
407 HEM 5%,

=4 SHBVE 407 BENERE (=3)

(%) itz (nm) 2R
3 143.6+3.5 0.064+0.019
4 116.7£3.2 0.055+0.015
5 97.94+2.1 0.073+0.016
6 91.3£1.9 0.052+0.015
7 83.2+1.8 0.062+0.021

2.5 PPL-Cubs ¥ &8 £ HmEE4 K
2.5.1 HMKAH pH fHIF% %

R 4l 401 3 2 3 25 SR FE AN W] pH 1Y PBS
Vs fidt PR I S 5 SR TN (LR 5), R TR 28 IR TE
pH=8.5 B ff W 25 F R . # IR <2227 F
12, H45 N KAE pH N 3.0 i B-Cubs, 4% 214 /2}

Py b (LA B R H I R /R R 259 K1) b 6 1
() L A5 55 B-Cubs 1R 2 35 259 /R /K ¥ W A7 1R
A, LA 10% SE A o s KA pH 2 7.5,
8.0, 8.5, 9.0, T 20 "C /Kifr (5 EE) T 600 r/min
G 145 15 min(Zk 2515 8], #il45 PPL-Cubs 124
Y BE R 1%, I E X R ESH0E (L 6) .
45, PPL-Cubs B RN KA pH A 42
W AN, 24 AN KA pH {E =8.5 B, A3 R4 i
REHH /N ; FR K AH pH (B X PPL-Cubs FHi£2 A1 £
Sy R BT g

#=5 HELEEE/REARE pH PBS FRGERE (n=3)

pH Vs fiBE (mg/ml)
4.5 53.50+4.22
5.5 51.70+2.34
6.5 52.60+1.53
7.5 49.80+2.14
8.5 8.50+1.15
9.5 1.41+0.33

10.5 0.87+0.08

F6 SMKIEHpHEMEER (n=3)

pH EE(%) Hi4% (nm) 2R
7.5 71.29+2.58 96.8+£2.6 0.063+0.012
8.0 86.24+1.05 97.5£2.3 0.054+0.006
8.5 92.55+1.27 96.3+1.9 0.045+0.005
9.0 94.58+1.57 97.6+1.7 0.051+0.006

2,52 PIKAH pH fERYHE

FERE“2.5.17 300 3%, [EE4KAH pH A 8.5 B,
A3 5 2% 52 9 K A pH( 3.0, 4.0, 5.0, 6.0) X il 15
PPL-Cubs U £ RESFM M (W% 7). G5R%E
B, A[E N K AH pH Y B-Cubs X} 1] 75 Y PPL-Cubs
f0, 3R IC I B 2% 5, X PPL-Cubs FRLER FI1 22 43 HE
FEBORTCH R

F7 MWKHEpH EMEE (n=3)

pH EE(%) Hi4% (nm) EZA N0 €zt 10
3.0 92.55+1.27 96.3+1.9 0.045+0.005
4.0 91.85+1.05 97.5+2.3 0.054+0.006
5.0 91.62+1.27 96.3£1.9 0.045+0.005
6.0 89.33+1.57 97.6+1.7 0.051+0.006

253 HiIRZi S
FEIR“2.5.17 T F ik, 4 KAH pH oy 8.5 1,
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I LR ARG (50 1.6 21,7 2 1, 8 : 1) X}l
% PPL-Cubs L E HAFSH s (W36 8) . 455
FEH, MR/ 254 =6 i}, PPL-Cubs AYfL 3R AN F
B 2AR /25 HAE XS PPL-Cubs FRE A2 F1Z2 70 HE
FEHTC T R

=8 AN EE (n=3)

AR5 EE(%) Fif% (nm) B2 €z
5:1 90.93+1.52 98.542.7 0.076=0.015
6:1 92.55+1.27 96.3%1.9 0.0450.005
7:1 92.06+2.37 97.542.1 0.077+0.015
8:1 92.4142.58 98.142.4 0.1020.025

254 HRE R

FHR“2.5.17 30 7k, [BESKAH pH 2 8.5 B,
I3l P52 IREE (20, 30, 40, 50 °C) Xl 15 PPL-
Cubs W RESHAHM (WL 9), 4R EMH, 2
2R B XT PPL-Cubs AYALERR | ke FI £ ks 4L
TCHH R

®9 HHEEMER (=3)

BARE(C) EE(%) HifE (nm) i1 €71
20 92.55+1.27 96.3+1.9 0.045+0.005
30 91.05+1.95 96.9+2.3 0.068+0.021
40 91.38+2.08 97.1+2.6 0.066+0.012
50 90.55+1.75 97.242.1 0.053+0.018

255 FRAAWHEAYHEEL

FEIE“2.5. 1700 NIk, [EESKAH pH i 8.5 B,
57 75 B2 4R 25 I [E] (15, 30, 45, 60 min) X i 15
PPL-Cubs fu B RESEW M (WL 10) . 255K
B, 2% 2 5 [ %} PPL-Cubs FORLAR FI1Z2 4> HLdE 5000
T8 A N

R10 HAREPNER (=3)

#ZH 1) (min) EE(%) Rift(nm)  ZArHUEEL
15 92.55+1.27 96.3+1.9 0.045+0.005
30 92.09+1.54 97.242.4 0.0710.013
45 92.014+2.01 97.5+1.6 0.065+0.024
60 91.86+1.86 98.1+1.9 0.075+0.026

2.5.6 B-Cubs RifE L/ HHE 5 % 5%
TR R U ), fil S AN RIRAR B-Cubs.
FEHR“2.5.17 30N )7k, [ S KAH pH i 8.5, 4341
% %% B-Cubs $i 42 1 £ 43 HUHE £ il 75 PPL-Cubs
WEHFESHWZW(ILE 1), 458K, B-

Cubs )KL 12 Fl £2 43 W0 F6 BOA 52 W B il £5 PPL-
Cubs B2 (H B-Cubs {4072 1 £ 40 5idE Bt
APeE T #1453 PPL-Cubs MRS FIZ /04555 .

% 11 B-Cubs REMZDEUEHHIERE (n=3)

Hilk PPL-Cubs
EE(%)
Rife(nm)  ZAHEHEEL Rift(nm)  Z4MHHEEL
97.942.1 0.073£0.016 92.55+1.27  96.3+1.9 0.045+0.005
129.243.8  0.140+0.037 91.87£1.96 128.5+2.1 0.123+0.021

160.4+4.6  0.173£0.052 91.85+2.13  158.2+2.8 0.152+0.037

210.5£5.9 0.182+0.057 91.25+£2.53 209.2+2.9 0.174+0.045

2.5.7 PPL-Cubs 241k ¥ i %<

FE B 2,517 00 Jr ik, [ Aok AH pH oA 8.5,
I EER R E (0.1%. 0.5%. 1.0%. 2.0%. 3.0%)
XI5 PPL-Cubs 3 FAE 24002 (WL 12)
4ERRW, B2 PPL-Cubs W28k B fy 45 s, 0
RIS, M2GYHREE = 1% B, 3R
T AR

%12 PPL-Cubs FZLKERNER (n=3)

W EE(%) Rifs (nm) ZHHE R
0.1 51.83£3.17 97.242.4 0.0570.013
0.5 81.87+2.12 96.342.1 0.062+0.012
1.0 92.55+1.27 96.3+1.9 0.0450.005
2.0 94.42+1.37 96.3£1.9 0.045+0.005
3.0 95.87+1.28 97.842.5 0.04240.007

2.6 pH # ik ) & PPL-Cubs ) sk 4 75 B ) &
¥

G Pk BCEL TR T TR 25.0 g, 40 °C 7K
IATRLAL, o A F; RS R ARBQAIE VDR 407 5.0 g, N
A 70 g ZlifbK, 40 C KU A, IH-FH 1% B
TR W VH Y pH & 3.0, Jy BAH; T 40 C K &
600 r/min figFEHE T, B A HZZE R NE B A,
Fr#E S PEFE 30 min J5, FEAE 900 bar T & H 3 5
7K, 1% B-Cubs, HERFRIGZRIK/K 1 g, Wl 114 &
alifboKk i, 15 3R FR A 25K IR K U5 B AR R 259
IRIKIRWIM A 24 g B-Cubs 1, i FE 427, FH 10%
SEAL NIRRT pH E 8.5, T 20 C /KBRS
FE 15 min, FRCE E5EIE, EIFS PPL-Cubs

3 TTig
SET AN KR H B A O AR A
YE - R | PAb PR | WS R AR G
(T4 % 565 M)



