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Formula Optimization of Bromhexine Hydrochloride Dry Powder Inhalations by Central Composite Design-
response Surface Methodology

Li Yinke, Yang Xiaosong, Zhou Zihao, Shi Qiongzhi, Chen Chen, Liao Xiangru, Chen Ying, Xie Xiangyang( Department of Pharma-
cy, Wuhan General Hospital of PLA, Wuhan 430070, China)

ABSTRACT Objective: To optimize the formula of bromhexine hydrochloride dry powder inhalations ( BH DPIs). Methods: BH
DPIs were prepared by freezing-drying combined with an air-jet milling method. Three factors, including the weights of mannitol (X, ),
leucine (X,) and poloxamer 188 (X;) in the formula were known to be associated with the quality of BH DPIs. A central composite
design was used to investigate the effects of the three factors on the response angle (Y, ), fine particle fraction (FPF, Y, ) and aerody-
namic diameter (Y,). Response surface and overlay contour plot were delineated according to the best-fit mathematic models. Opti-
mum formula was selected by overlay contour plot. Results: The quantitative relationships between the three factors and the three re-
poloxamer 188 (2.4:2.22:0.05) in the excipients. The pre-

dicted and observed values of the optimum formula were similar. Conclusion; The multi-objective simultaneous optimization of the for-

sponses were obtained. The optimal formula was mannitol ; leucine ;

mula of BH DPIs is achieved by central composite design-response surface methodology.
KEY WORDS Bromhexine hydrochloride; Dry powder inhalations; Central composite design-response surface methodology; Fine

particle fraction; Formula screening
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B (50.2% = Z i, pH 3.0) -H (302 70) 5 i 3k -
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IR %) €0, e T g 2 A s TR SR P [T D0 4047, 751
IR A =23 479C +22 140 (r=0.999 6) , FHH L
MR PR L T ik vk JEE 7 20 ~ 200 mg - L' Rk
Z 5 F A I e B A 50 ng - ml T H L vk R
IR 98.95% ,RSD =1.02% (n =9) ; K 25 &
BB RSD =0.61% (n=6) 3 ¥HiAE 12 h Rk
BT, RSD =0.01% (n=6) ., &J@ME% 545 50K
2, G5 RRERRIR TR A IR & 1E T, 45 2 s
T I RE IR B SR 13
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X, HEE(% , w/v) 0.58 1.40 2.60 3.80 4.62
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Xy VAV TO U 188 (% , w/v) 0 0.05 0.13 0.20 0.25
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F2 HERHRER
TR X, X, X3 Y, (0) Y, (%) Y; (pm)
1 -1 -1 -1 35.6 51.585 3.08 £0.02
2 1 -1 -1 36.7 52.691 3.09 £0.06
3 -1 +1 -1 40.9 37.724 4.64 +0.02
4 +1 +1 -1 47.8 33.691 5.35+0.09
5 -1 -1 +1 44.6 34.036 4.19£0.13
6 l -1 l 41.8 2.008 8.06 +0.43
7 -1 i1 1 35.6 48.302 3.09 £0.23
8 +1 +1 +1 37.8 58.492 2.84 £0.04
9 -1.682 0 0 46.3 61.247 1.88 £0.03
10 +1.682 0 0 38.5 51.556 3.22£0.03
11 0 -1.682 0 36.5 52.304 3.05+0.35
12 0 +1.682 0 35.5 51.887 3.04 £0.34
13 0 0 ~1.682 34.8 52.614 311 £0.04
14 0 0 +1.682 47.4 38.233 4.4240.09
15 0 0 0 33.7 46.481 3.29 +0.03
16 0 0 0 36.5 48.973 3.77 £0.03
17 0 0 0 5.6 24.765 5.48 0. 05
18 0 0 0 36.2 52.049 3.05 £0.28
19 0 0 0 38.6 52.456 3.06 £0.24
20 0 0 0 45.6 47.278 3.03 £0.03

*x3 HEENEER
sl R? F P
Y, =36.53 +1.41X, - 3.49 X, - 0.

85X, + 1. 11X, X, - 1. 14X, X, + 0.
088X, X, +1.17X,, +1.06X,, +2.41X,,

Y, =52.05 - 2.97X, + 11. 03X, - 4.
62X, +2.43X, X, —. 07X, X, + 3. 83X,
X, =3.18X,, —7.04X,, —0.24X,,

Y, =3.07 +0.29X, - X, + 0.62X, 0.
12X,X, - 0.066X,X; —0.38X,X, + 0.
16X,, + 0.79X,, + 2.41X,,

/NS BRI . SRR (X,) HTE 5
TIREAS 5 = B A A 3L Sl PR R 23 HECHE , P REZ DY 5
R SR AR, A TR0 2% THT ) 58 R 731 v LT
Y S 3 B R AP B o T 1) K AR B PG, SR T
i BVGAKERR 23 1 18] 23 U=, 24 A A Bk ) 7K g3 7%
KA P ST R — AW 3 R S AR
FAFAE , AT LATE G (142 i T G R b 7e , e 78 AT
WAL AR S LR PR TE R S, /AL 22 T8] Y K
Bt e P e A S, KT 2R T B T AN
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0.8302 8.37 0.0013

JE

50 ¥

L §

0.04 ¥

0.08
L& TRPR
0.167 J 4.60" OGN )
020% 30 320 '2.25 X2 1.50 0.20 : 2.40
B3

130

[ R PR A8, — 5 R JEE 1140 8 Al /I 1R 22 [ 114
P fl AR, AT 5 1 WA 55 790 19 2 B 70 200 4
U =R

K3 C R HERRE(X,) MSe &R (X,) fEH R+
14 FL B R A 5550 25 Bl Jy s i (Y ) iy =4
ROV o T8 B AR A 25 Bl J R ARAE 1-5 pm
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ARSI I (LI 4) o AL DX b 1
TE AR R 197K SF, BIAE A Ak 75 o H 87 B8 19 48
2.4% (w/v) , L RRN 242, 22% (w/v) JHIETY
U 188 A4 #~0.05% (w/v) o

- Y| =mY2 =mY3

T T T T T
1.2 06 0 06 12
X2

Fixed levels: X3 =-1

B4 EBESLE
ARSI A A9 Ak T7 ] o5 ER R TR OB A 5557
I 5 HAR IE A ARORE 5 i A2 Bl e hiAg
SEAR R I 5 PO (EL AR W (2 4) R
ROV I 22 A BRI LA ER BRI BT AN 2551
AETTIREN T HUHRIRCR o
x4 MRULFHTMUEFZUE

SES ity
X, HEEEE (% , w/v) 2.40
X, AR (%o, w/v) 2.22
Xs AR 188 (% , w/v) 0.05
e 0.942
M) ;. W ScE BN
Y, ARIEF () 37.48  38.14  0.66
Y, AR TR (% ) 38.02  38.54 0.52
Y5 : 2B 1 2RiAR (um) 2.259  2.346 0.087

2.8 AR
e FIRPEAAL J7 Z5 A 45 =R IR ORI A
FFEAT T 2SR, 25 R WAk 5. 45 KW,
TR OB AR 55 7 b 5 BB A

#=5 =HERRSHBRAMEFHELER

N

T

MK (%) ﬁ(/;/nﬂf%)ﬁ ?%%ﬁ?ﬁé éﬁﬂiﬁiz?&;f)%ﬂ%
1 100.12 0.38 3.86 £0.54 38.42
2 99.86 0.42 3.78 +0.76 37.97
3 99.62 0.41 4.02+0.51 37.92

3 itie

AR SCAERTIBIETE %o Tl W A 203 24 0 T A AR
RVBIEIRSE VL SR MTEVER R R AT T 5%
PABT i) 2 AR PR BRpRAR FIIACR Oy F2 BEE 5446 45, 18
1L IR e 0 E T H e Se R AR D A 188 1
D ERTRIR BTN 5570 (SR HLER RIS C 75
BHIELGID 1 4o Horp 2 ikl i 8 - H BRI
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N2, 4% (w/v) , SER BRI A2, 22% (w/v)
10T 188 (19 I MO0. 05% (w/v) o

TERTHIBE T, A B B HER TR 1435
FER IR ORI A 5575, DU b 20 A3 o A 5 Aol
PIRHRE G35 TR b4 188 LEAL T i i
BN(0.05% ,w/v) , I T 23 PPN G BRAFH R T8
RIRAE S BEAh 2R F R SR K 5 (A AR
PR, i B BRI IR 7 (1 MPa) T 2K
FYREA REIR BT RAR , 3L S B R AR
1 H RSP ANEAR . TR 25 PR C I i T K
HE , S R U TR, BT LR R A R E
REHL, B — BORLRY n] LATEB/ N B <Rt
FyiEE 73 (0.6 MPa) T RIVRT 8 3 45 S BRAR 18 AORE
Ao i B AR MCR B, PR . DI, R ik
P TV RN B 05 4 SRR T BT IR A
Ftle WABI S RIRIALTT LW B Z 165 [F 2
AL,

W AR 5550 B T3 B B R R R 2o 25 22 Fof
R, AL Tr e A 2 R AL, LI
RN VEIM AL B, KRR T7 1% LRI, H TSR
S SESGHE R T ik S MR 0 S0 e 2 ) RS AT
HWE o ARSI R SRV T S T A
MR (CH 82 B SE R ANA & U8 188) 5 =4
AR bR I AE (PR L A R RORE 5570 5 70 23 U8l
JrzoRide) W B R, M B S Ak B T
FRIRI OB AN 55 750 i) Z AR b AL, X R AL Y
JT U EAR L B T B a5 25 R GE A Jr ML
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