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Isobutane driven salbutamol sulfate metered dose inhaler:
formulation selection and respiratory tract absorption in guinea pigs
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2. China Pharmaceutical University, Nanjing 210009, China)

Abstract: This paper is to study the iso-butane (A-31)-driven salbutamol sulfate (SS) metered dose inhaler
(MDI) formulations and inhaling status in guinea pigs. Solubility determination and orthogonal design were
used to screen non-chlorofluorocarbon (CFC) SS MDI formulations. Intubation inhalation of MDI in guinea
pigs was useded as a main administration method. Fluorescence HPLC detection method was testified as a
potential method in assaying the concentration of SS in plasma of guinea pigs after inhaling various SS MDI
formulations. Analysis of the data was executed with statistical moment calculation from which pharmacokinetic
parameters were obtained. The results show that A-31 based on SS MDI formulations were screened and the
guinea pigs in vivo determination method after inhaling SS MDI was established. The zero-moment rations of
SS/A-31 MDI formulation to contrast sample and CFC SS MDI was 143.26% and 147.01%, respectively. The
first moment value of SS/A-31 MDI formulation was the highest. It is a preliminary conclusion that the absorption
result of SS/A-31 MDI formulation inhaled by guinea pigs is equivalent to HFA-134a formulation in sale and
better than CFC formulation. A-31 could be used as a potential substitute candidate for CFC MDI propellant.
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Table 1 Factors and levels
Factor level Surfactant (A)/% Suspending aid (B)/% Co-solvent (C)/%

1 0.2 0 0.5
2 0.4 0.2 2
3 0.6 0.4 3
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Table 2 Solubility of salbutamol sulfate (SS) in A-31 at different
temperatures

Temperature/'C 4 10 15 20 25 30 37

Solubility/ug:g' 51 55 69 75 83 94 108

Table 3 Solubility of surfactants in A-31 at ambient temperature

Surfactant HLB value Solubility (W/w, %o)
Span 80 4.3 >34
Tween 80 15 >10
Span 60 4.7 <5.6
Span 20 8.6 >35
Tween 20 16.7 >6.0
Brij 35 16.9 >10
Span 65 2.1 <0.2

Table 4 Ambient solubility of excipients in A-31

Excipient Solubility (w/w, %)
PVP K15 >1.5
PVP K30 >1.0
PEG 4000 >3.2
PEG 6000 >2.0
PEG 20000 <0.6
Absolute ethanol >25.0
Propylene glycol >11.7
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Table 5 The experimental design and results of the orthogonal test

1 2 3 4 Suspending Re-dispersing Integrated
A B C Control time/s”! time/s™! score
1 1 1 1 1 350 22 678
2 1 2 2 2 310 25 595
3 1 3 3 3 320 22 618
4 2 1 2 1 410 10 810
5 2 2 3 3 370 16 724
6 2 3 1 2 340 30 630
7 3 1 3 2 640 3 1277
8 3 2 1 3 380 14 746
9 3 3 2 1 400 8 798
K 1891 2765 2054 2286
K, 2 164 2 065 2611 2502
Ks 2821 2 046 2203 2088
K, 630 922 815 762
K, 721 688 870 834
K, 940 682 734 696
R 310 240 136 138
SS 152 342 40 542 43218 28 584
F 15.99" 4.25 4.53 -

P < 0.05 vs control line
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Figure 1 HPLC plots for salbutamol sulfate (SS) in guinea pig

plasma. SS: 7.9 min; Internal standard: 9.8 min
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Table 6 Tiax, Cinax, AUC parameters for guinea pigs

Fonl’:l/[ull);tion HFA-134a  A-31 Proventil 1GS susIC):nCsion
Trax/miin”! 15.00 7.00 7.00 7.00 7.00
Conax/gmL™ 136.92 156.83 161.85 186.16 217.43
AUCo-5 min 263.35 240.19 557.83 639.24 650.49
AUC0-10 min 958.88 621.01 128229 147358 168291
AUCo-20 min 2184.45 1733.18 2688.04 2407.61 3406.63
AUC)-30 min 3251.51 2400.76 3840.05 3777.80  4863.60
AUC0-60 min 574420 4886.26 6400.76 5660.68 7514.05
AUCp-120min 1 135.17 9418.68 8969.47 7896.44 10779.17
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Figure 2SS concentration-time curves in guinea pigs plasma after inhalation of different metered dose inhalers (MDIs).
HFA: Hydrofluoroalkane, A-31: Isobutane; IGS: Germany pharmaceutical company product; CFC: Chlorofluorocarbon

Table 7  Statistic moment parameters for guinea pigs

MDI Formulation HFA-134a A-31 Proventil IGS CFC suspension
K, /min”" 0.012 8 0.008 9 0.017 6 0.0132 0.0118
AUC (so) /pug'min'mL™" 11 541.71 14 644.30 10 786.92 10 222.36 13 946.89
MRT (s1) /min 7214.00 118.63 57.00 74.96 71.15
AUMC /pg'min*mL"™" 832 645.20 1737 188.00 614 903.30 766 315.30 1113275.00
VRT (s,) /min’ 5913.80 12 271.20 3293.82 637491 7 035.89

Sy B AUC RIS, 0~5 min E AR 2
KT &34, 20~30 min AUC $%3T; 60~120 min
AUC = TXH AL . g B R T 45 FF S L 7 19 22 5%
0~120 min [ HIFE 50 AUC IHE: A-31/1GS
h 119.28%, A-31/CFC Jy 122.33%, A-31 21X} R
4,

H& 7 WG SECE, Bl A-31 MDI A %6
i AUC o THR S, Sl ja— il 253K 4 E
K EM M ELAE: A-31/1GS Hy 143.26%, A-31/CFC
 147.01%. — A MRT HFA-134a 415 1GS 4, CFC
T, A-31 48R, Proventil ZH A%, A BRI
PRI B IR b T ) o) JEORE b o 5 B i B
H K E/ NG : A-31 > HFA-134a > Proventil > IGS >
CFC.

Wit

ARICK A-31 1T MDI, SR AT T g . @
TSI L A S R B TR A M Y
A AE CFC MDIBCTs o 7 WF 90K )2 2 34 25 1
B, K9 e MDI BCTT IR 45400 0 fié, BEAT LD 3%
gt HERGMNGHNAE, HHIEZRE R
DRRE H fe EE T o AR G AR L SCRIR A % FIRAE o

WS RIS L 25 K, H RN,
IEN T8 55 70 SO AR BV A 2L, {2 MDI i T

TV, Ty %8 B0 1R S L 2 0 I i o 43 25 P o
iy XTI IEZUN B Pyt LA, AT ARG, B3l
PN TS A T IE AR BORAS, AR ME A A A5 IR
Hi#E 7~ MDI 45 25 [ B SORE, BIMERC & T Wbl
M LLASEALL 55 71 465 24 1% TR) R IR I T AR A o AN SCR
K S s i NVE, — e B B IR T AR
EMGS AL FEE AR IR T MDI b AR TN
IR0 1R LA, B 24 ) ik A o A
Y5 2N T DA BRI, I P R AT 008 3h ik 4 B
K

HALT MDI SR A PPN T, I A SR I
YIRIE, DA AT MDI (R I i FFE . S2 56
ZEREOR: B A3 AR Coa 50T HUEAHLT, Toa
L5 A AR TS SR 24, AUC TR (R 50 FRRE o i
AR SR 5, T B/ NBRGF o (H T SS B G2
B SRR VR T VR, I i 24 o A S B o I
W RTRE A 254 (0 P, kT YRRy A e

T L A3 A I SS B mMM AR E A, A
R JAC B 178 i 24 94 8 5 AN 7 R LS SR BN
MDI J& (& I th 26 5 FE, L& B ARAR, v hEL3)
YRl B AT O . BORSHAHEIR MDI 44 Py 30 2% 0 75 U
G INEBU AR G AR 5635 . TR AER T B
W I T R AL B AR AMBEAURE TR TR PR A DG, AR
RS N A



TR BT ST R

Jis

A 75 00 R R B, e 5 0 R

+ 1045 -

it IGS A-31. A-31. HFA-134a Z8FE 5 th i M < 5 0T

FUPTE— P B A, ISR e P e T TR S A D).

References

[1] Noakes TJ.
2002, 118: 35-40.
[2]  Stein SW, Stefely JS.

Medical aerosol propellants [J].

from poorly efficient CFC MDIs to highly efficient HFA MDIs

[J]. Drug Deliv Tech, 2003, 3: 46—51.

[3] Liao YH, Zeng XM. Advances in studies of pressurized
metered dose formulations containing hydrofluoroalkane pro-

Acta Pharm Sin (2§52 %R), 2006, 41: 197-202.

pellants [J].

[4] Wang P, Chen GL. Current situation and progress of the

phase out of CFCs in medical aerosols in China [J].

J Fluor Chem,

Reinventing metered dose inhalers:

of solubility in aerosol propellant [J].

2411-2419.

J Pharm Sci, 2004, 93:
Dickinson PA, Seville PC, McHale H, et al. An investigation
of the solubility of various compounds in the hydrofluoroal-
kane propellants and possible model liquid propellants [J]. J
Aerosol Med, 2000, 13: 179-186.

Guputa A, Stein SW, Myrdal PB. Balancing ethanol cosol-
vent concentration with product performance in 134a-based
pressurized metered dose inhalers [J].
16: 167-174.

Du XL, Zhu Z, Fu Q, et al.

J Aerosol Med, 2003,

Studies on the pharmacokinetics
and relative availablity of salbutamol aerosols in healthy vol-
unteers [J].  Acta Pharm Sin (252%2%4R), 2001, 36: 616—620.

Bioavailabilities of insulin

Chin J [10] Shen ZC, Zhang Q, Cui CY, et al.
Pharm ("7 5 2 Tl 24 ), 2008, 39: 860-865.

Steckel H, Wehle S.

aerosol by pulmonary delivery to rats [J].
(2424 244), 2000, 35: 465-468.
Int J Pharm, [11] Lipworth BJ, Clark DIJ.

A novel formulation technique for
metered dose inhalers (MDI) suspensions [J].
2004, 284: 75-82. delivery of nebulized salbutamol [J].

Guputa A, Myrdal PB. Novel method for the determination 1036—1041.

(hEETEY) 227 2010 SEAEIT/RE

Ch 250 20 2 b E RN 5L P E 255 70 BN AN A T RAT 14 B RS O T .

Ch EREEFE 25D 235 5 1982 ARG TILICK, — HA4 E K RHR AN “ o RO e g b ([
BHEAZ LI, JFgE E A F AR “SEE S (CA) BEA BEKR= L S (ASFA)” 45
Wesk. 2001 4F (R ) 28w 1R 0.685, fE4E 1372 FRRMHL I b E 2525250 1 44, JF
FE] P 272 AR R BB PEA RS B LR o [ 2% SCHR v S PO o 7 ) ik T 3 i [ SR ke v Rl i H i
SKNETET o RIS BAEL, 4% HEFHAT CHEZARIAT Cefith) xR 5 vH B i) mizk 2001
FEPATF . LK, FaE8mi A E 2 2R TIrh — B AP . 208 LB E. Btk
HREE TR e R SRR R ST N AN LV

ATIRAERIRE . FFATEIR 208 LIRIK, W% E . WIRIT R TR K- merGRA .
WRHEDIRE R bh . BRI AW R H, o B2 DAL e, K7, ER. %
Sy iR N YNGR R I

ATIAHA T, A4 JFAR, 60 0T, FEEN 10 JC, 244 60.00 o, EWNIEANS: 24-57; EIMES:
BM1277; AR RAF 5 B R B, W) s i o 2 s R 1T B o W B e AR 2 Al B AR, AR
Pl TS (AR ) AR

iR TR TR =% 101 5

B 35 (0532) 88083130

{546 qdhaiyao@public.qd.sd.cn

HE 2 266071
1% H:(0532)88083130
M ik http://www.chinainfo.gov.cn

Acta Pharm Sin

Effects of airway calibre on lung

Thorax, 1997, 52:



