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Study on the Optimal Formulation and Preparation Conditions of Propranolol-loaded Transfersomes by
Central Composite Design and Response Surface Method
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ABSTRACT: OBJECTIVE To optimize the formulation and preparation of propranolol-loaded transfersomes by central
composite design and response surface method. METHODS Transfersomes were prepared using the ammonium sulfate
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gradient method. The effects of drug/lipoid molar ratio, Span-80 molar ratio and time of probe ultrasonication on entrapment
efficiency, drug-loading, vesicle size and deformability index were investigated. After each overall desirability was calculated,

the optimal conditions for preparing propranolol transfersomes were achieved by Design-Expert 8.0 software, and were validated
experimentally. RESULTS The optimal preparation conditions were determined as drug molar ratio 19.83%, Span-80/lipoid
molar ratio 21.08%, time of probe ultrasonication 10.29 min. Under these conditions, the evaluated entrapment efficiency,
drug-loading, vesicle size and deformability index of propranolol transfersomes were 76.63%, 4.80%, 152.82 nm, 20.83
respectively, and all approximated to the forecasted ones. CONCLUSION The central composite design and response surface

method is applicable for the formulation and preparation conditions of optimization of propranolol transfersomes, and the

resulting optimal preparation technique is stable and feasible.

KEY WORDS: propranolol; transfersomes; Span-80; central composite design; response surface
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LC-20AT B Z0iAH i A, f4E LC-20AT Y5
JETEZE Y SPD-20A AUEEAh-nT WA 28 (H A
HAT]); Zeta PALS R 40 3 Zeta HIA7 SORLEE 73
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2.2 QHEFHPZEN HPLC W&

28 UV-2401 23 KF4, %2898 /K 7E 289 nm
AR SR, WK AR DR 8 28 R IR I 9 K
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R 289 nm, BEFEAAFR 10 pLo BB HZ %
ZRIE IR HAMET 3 000,
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SEAE 10 mL, FCHISIKE R 1.0 mgmL™ [ fik %
W IR RS ROE =S 10 mL E, PR
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Tab 1 Variables and codes of central composite design

¥ LS

—-1.682 -1 0 1 1.682
X1/% 5 13.11 25 36.89 45
Xo/% 10 16.08 25 33.92 40
X3/min 5 7.03 10 12.97 15

R4 ERLE R, KM Design-Expert 8.0 {43k
TR RIS, FRE AR IR S e HEREA TS
ZRVE IRAL AR )28 T I AL 2R (Y1/%) . A=
(Y2/%)~ FIAR(Ysmm) SATENE(Y,), PrIFEiR I 2.

T e 2 F5hs LA R 5, AR B . —
FRbR AT LA PTG A5 E T RS AH B i, RIGE A
FRARE R AT REXS B b AF], el 4
T NETPE “VI—1H” (overall desirability, OD)
KH BRI AR, W oA Hassan J7
LT RO AT BN R PR IR EAL A 0~1 Z[H]
1) OD, JjiktnT:

T AOR B B KA FE bR, a3, 3
w5, & E A d=(Yi=Y min)/(Ymax—
Ymin)s AT AR /MG IFRRS , Wrkiqe, d; Wt
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PENFEARIR SEMEL, Yinax 5 Yimin 20 AR PEN T B
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OD=(ddyds...dn)"", X, n Kfeksi.
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Tab 2 Experiment design and results

¥ ZAT s Y1/% Y2/% Y3/nm Y, oD
X1/% Xa/% X3/min
1 8 13.11 16.08 7.03 97.70 436 150.3 5.46 0.45
2 19 36.89 16.08 7.03 45.80 5.76 153.7 5.37 0.33
3 16 13.11 33.92 7.03 94.83 3.89 172.7 15.19 0.59
4 5 36.89 33.92 7.03 38.37 4.43 175.4 14.61 0.35
5 11 13.11 16.08 12.97 99.55 4.44 134.3 7.33 0.57
6 20 36.89 16.08 12.97 42.13 5.29 136.9 7.16 0.38
7 18 13.11 33.92 12.97 92.60 3.80 159.7 13.86 0.61
8 12 36.89 33.92 12.97 33.19 3.83 158.7 13.36 0.26
9 2 5 25 10 98.18 1.60 163.8 23.00 0
10 13 45 25 10 31.01 4.57 166.0 23.65 0
11 4 25 10 10 70.67 6.20 156.1 3.63 0
12 6 25 40 10 48.49 3.69 210.3 18.42 0
13 3 25 25 5 75.73 6.18 192.4 21.98 0.60
14 14 25 25 15 53.23 434 149.2 17.34 0.56
15 7 25 25 10 54.41 4.44 161.1 24.04 0.60
16 15 25 25 10 59.88 4.84 164.7 24.85 0.65
17 10 25 25 10 57.77 471 161.2 24.53 0.64
18 1 25 25 10 57.52 4.69 162.6 24.07 0.63
19 17 25 25 10 57.33 4.68 162.4 24.59 0.63
20 9 25 25 10 55.69 4.54 163.6 24.42 0.61

252 BARA MREEER 2 MR, KA Design-
Expert 8.0 %A1, L OD 4355 HAZ & (X1, Xar X3)
AT Z etk e Z e ARt (O, kA5G R
IS W

Z UL PERH T FE: OD=0.536 40-5.544 90 X
107°X,+7.292 00 X 107*X,+7.665 37 X 10~*X3(R*=
0.052 3).

Z A &l =3 7 FE . OD=-1.461 76+
0.067 002X,+0.123 70X,—0.049 587X3—3.307 09 X
107X, X,—-6.501 00 X 10~*X;X5-1.198 67 X 10X, X5—

1.155 56 X 107°X,*~2.054 32 X 107°X,*+4.828 62 X
10°X:%(R*=0.748 7).

P L o RE I A S R B s, 2otk
PERLA IR B, B A 1 A DR A T 1) 2 2
B
2.5.3  fuAb w4 “2.5.27 TR RS
g5}, KX H Design-Expert 8.0 % {1}, %% jcdE4k
PERNE 7 FEZ 1 OD [ T 250 8 1T Pl % 25 o 4%
P B Al — A AR e o oD i fE), 4R
K 1.

1 K77 OD {4 [ & o9 BN RO 8 K 5 & 4 A

Fig 1l The predicted response surface and contour line of OD as a function of different variables
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WAL T TN A N SRR PNE, WK 3.

R3 RAUAHTEERS BT FIE
Tab 3 The forecasted values of each variable and response
in the optimal conditions

X]/% Xz/% X;/min
A 19.83  21.08 1029 77.78  4.42

Y]/% Yz/% Y3/nm Y4

155.50 21.04

2.6 HALALTT T KL

IR UL BB g AL 7 T2, Hiles 5 2
WORARAR, JFXSSEBR R B2y E. AR,
IRAEEATINE, SR W .
R4 R R LR E(N=5, X£5S)

Tab 4 Verification of the central composite design and
response surface method(n =5, X £8S)

ZH T {8 S AE i 2% /%
Y1/% 77.78 76.63+1.14 1.48
Ya/% 4.42 4.80+0.07 -8.53
Ys3/nm 155.50 152.82+0.82 1.72
Y4 21.04 20.83+0.32 1.01

e 22 /o= (TG A — S U AF )/ FUIE X 100%
Note: Variance/%=(Forecasted values — True values)/Forecasted values
X100%

M2 4 WU, 6 bR R TUINE 5 S A 1 i
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T IL LW A 1) Ty e 1 AR 2 THE P A I N BT A
SEBFIRAE MY, MAEAR RS, Bhifes
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3.2 &Ik

FHT, 7 2545 6 R ) ) 2% 22 R K A0
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R HAZVE ) % BT A5 2% e JR A s 7 ) 00, b 26 U AN
& 20%. X A]HE S RIS KK R, SR T

P E AR I 2% 2012 4F 12 H 55 29 55 12 )

I3 A BRRR L o L LA AR KA A G BT
T 25U R IE H IS9P (pKa 2928 9.5, #iAqR
56 K F 25 38 24 10 T 198 e o 5 0 DA vy A 3t A o6
W 2RI IR I B R
3.3 IV

AT AR AR L I ) A A T, A%
AR 2035 RO DG, AL BB I LR
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Optimization Preparation of Propranolol Hydrochloride Microcapsules with Fluidized Bed by Central
Composite Design and Response Surface Method

DU Changyu, WANG Hongguang(Department of Pharmacy, Qingdao University of Science and Technology, Qingdao
266042, China)

ABSTRACT: OBJECTIVE To optimize the formulation of propranolol hydrochloride microcapsules. METHODS
Propranolol hydrochloride microcapsules were prepared by fluidized bed. The effects of influence factors such as the flow rate of
capsule material solution and spray pressure, on mean diameter, entrapment efficiency, drug loading and overall desirability were
investigated by using central composite design and response surface method. The data were imitated using multi-linear equation
and second-order polynomial equation. RESULTS The latter was prior to the former considering from multiple correlation
coefficients. The best process conditions were as follows: the flow rate of capsule material solution of 1.00 mL-min~" and spray
pressure of 0.65 bar. Under the optimal conditions, the mean diameter, entrapment efficiency, drug loading of the propranolol
hydrochloride microcapsules were 300 pm, 20.54% and 89.63%. CONCLUSION The optimized preparation technique for the
propranolol hydrochloride microcapsules with fluidized bed is stable, feasible, with high entrapment efficiency. It can be used for
the industrial manufacture.
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