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Abstract
prescription and to know the release behavior in vitro. [ Method ] Edible oil, surfactant, co-surfactant which dissolved the most furosemide were

[ Objective ] To prepare furosemide microemulsion with edible vegetable oil produced in Gansu Province as oil phase, optimize the

selected.Single factor test was used to screen blank microemulsion formulations. Taking conductivity, turbidity, and drug loading as the re-
sponse values, the Box-Behnken Design response surface method was used to establish a multiple regression model, and the response surface
map was drawn to investigate the effect of dosage of oil phase,the mass ratio of mixed surfactant (S,; ) and water, and the emulsifying time.
The cumulative release of microemulsion and tablets in vitro were determined by dialysis method in order to determine release characteristics.
[ Result] The microemulsion was composed of almond oil 240 pL, the mass ratio of emulsifier OP-10( surfactant) to PEG400( co-surfactant)
was 1:1, the mass ratio of mixed surfactant to water was 2.78, and the emulsifying time was 2 min.The mass ratio of mixed surfactant to water
was a significant factor affecting the quality of the microemulsion.The relative error between the actual and predicted values of the optimized
formula was relatively small.The microemulsion was clear and transparent, oil in water, small particle size, good stability and high drug load-
ing.The release in vitro could last 72 h slowly and completely. [ Conclusion] Furosemide microemulsion was successfully prepared by using edi-
ble oil as oil phase.The preparation method is simple.The microemulsion obtained is uniform, transparent, and the drug loading is high, the

performance of slow release is obvious.
Key words

WRIEA A4 IR R AR , 2 e BRI IR Y W PR
2T 20O g 30 RV FE B 5 AL Y /K, BE A I
Jie, IRT AR IE S e A4l s Fd e s 22 s
P2 R S oy JE R B8 IV 2R 25y, A R TR O sl R
(10%~90% ) , s ZAAIELR 25, B XRFEAK AR TE F 29 e
PORIRE A A A ek AL R L BRL R i oK 2
T PR | Bl R PR AL, 4 S0 I P B A ) 2R E
TR 2 RERB S = 25 W 22 B JIRB i RE 1 A W A B , 16 58 24
PIRENE . I B A TR T IR R, A
YR AN TR S REICH ™ m] & AT A il A
TR 17 R Bk ZE R AL, LA ik 245 108 i e, B i 4 M 2
AR , 45 i AR A RE , TRTISS 30 5 £ FH i 64 10 FH 4308, 43¢
ES NI EL LT Rl
1 ##57H*

L1 Z@SikF A b i SR R I 5595
T WS T H R U, 2R M EARAT A5 6 2 I I 5
1 S IR SR L I - O (FLARFR) OP— 10, 73 Ar 4l K HET X

ESTE HH 4S5 FR00#45 A28 (2019A-162) ,

EEE N % 245(1984—) , %, 1 09 R A, $R0F, A, AN F 25 7] 3
HF R G W H AR

i AE  2021-06-24

Furosemide ; Edible oil ; Microemulsion ; Box-Behnken Design ; Preparation ; Optimization ; Release in vitro

A=A FIBHR AT BRAR]) sukiE 20 (gl K R ik
ZERFARRAT]) sk 80( (b2 4l , Rt R I b8 AT
FRAE]) ; PEGA00 (43 A7 28, REETT K% Ak 223850 ) 5 H
g, Rt g AL THRA R 1,2-9 ZFE (a4,
REEATA AR LR ) s WRIER R 2 CRDUR BB
FIRA ]S 20161015, 4655 >99% ) 5 W FEK Fr (VLI3 I FF
F TR ATBRAA ), HiES 1301006) 5 KR (43 #7460, K HE
HRBEAZERTN ) s TooK CBE (A3 s, REETT & FAE Al ik
THRAT) ; LK (i, KET R R AL TAFIET) o
1.2 {Y2FiEHE  Agilent 1260 80 AH G35 (S Agilent 24
H)) , B 1260DAD #6 #% , Agilent Zorbax (%% 4+ ; SP-756P
AT DL AR T (IR AR A PR ] ) 5 CT-3030 H
PRGN RETFARAF) ; WQ770 T (£ E
Global Water A H]) ;H-1650R 53X = ¥ VR 25 oML (K V0
B DHULESHRATD) o

1.3 REXRMIALFTFERS&

131 3l GRTAVE M | W3R P i . REHRCH
A HE TR BT B R A SRAT I AT SRR I A 28
FMMVE R AR 2L A6 OP— 10 nt i 80 il 20 4y
TE P 7], PEGA00 1,215 — 2 A H 3 > Bl 2 10 3 1 57
T 2 IR R 0 ) 2R TS PR A IS mL, A3 0 A i ek ok



148 B A

2022 &£

FEAK B S min, T 37 COKIEHIRG 1518 217 J5 25 0
10 min, %38 4 10 000 v/min, Z5.0 J5 09 L3 W H Jo K 2 B F
B 200 1%, RIS ORI E 271 nm A B OGR4
TRIRSCR B E,", D 580 THEEWR AR At BE , 0 i BE LR Y
TR TS ) | B T I M A ABEELAR D7
132 BAPRIZR GG 0 0B 25 FUCELAL 7 o 4 3 33 1 5 0 B
RIETEPER DL BT (K,) 11,122 20 1) 45 R 5 R T
PERN (S, ) 8 S, FEAL K BT L (S, 7K) 43510 921,
8:2.7:3.6:4.5:5.4:6,3:7 2:8H1 1:9, K il & 4 Y5 W%
FES] A 150 WL AR 7, ARSEBERE 1| min™ LEEA ]
FMTE PR BRSNS K, JERMFLRIRH AL, iC K &
VR B —1, DL S IR T
1.3.3  WRFEARGUFLA T 5, G PE 5 B 2R R
SR GRS BNR G RIS MR, FRRER A R SRR 5 Aok
TRAA), 10 mL F 25 mL BERRHp I A R ZEK 300 mg, 13
FPE LG —E SIIAR , QRS g I [A]
1.4 maREEERZIERBELA T
141 FEARR,
L4113 e, WRFERGPKFLRRE 10 min, R (052
R SER T R, A0 11 1 )2 (L, Pl S SR (S0 ok B8 T AT
M .
1412 BRFEKTEIE,

(1) 3% & F, Agilent Zorbax {6,3{%4#: (5 wm,250 mmx
4.6 mm) ; FEEHARN 0.2% PKES TR /KAWL (A) N (B) s B
VEBRREFE (0~4.5 min, 50% ~50%B ;4.5 ~ 6.0 min, 50% ~ 90%
B;6~20 min, 90% ~90% B ) , ji i# 1.0 mL/min; £ M K
271 nm; iR BN HR

(2) bRt o A% IR ZE KT IR A 100 mg, fil
NIRA T [ IKESER 22 mL, N ZHE-7K (1:1) 21 000 mL, J
SITER ARG AR 100 mL 2R, TR R 0 A
WK FEK Ak 46 WAL A 80 et MRk ZE KA 25 W (1 mg/mlL) 5,20,50
100,200,300 L, 33 ATR G 2 10 mL 25, e il ok
FE43524 0.5.2.0,5.0,10.0,20.0,30.0 g/ mL [ 25 WFEK X HE
min IRGH45], 5 20 L A HPLC 43#T, LARKZEK X IR ity
HUEETAT AR (V) XPHR 2 (C) AT A, A AR S FE ol V=
86 744C+28 903(R*=0.999 7). 4% H-K M, mkZE K Xt B 5 78
0.5~30.0 pg/mL Pk KR RAT

(3) EHE . WRIEARTLFLEFE 4 h K% & 0.25 mL
2 10 mL 25, TR G VA 700 B 22 200 325 0 20 5 G 7 i IR
0.1 mL,#FE 2 10 mL, $£27,0.45 wm AL 38 A5 L 8, 2E R
20 plL, iR mIAR, THR IR SR FL A2 i
142 5Bt LUIAERIR (X)) S, SKB TR (X,) |
FUAIFTE] (X)) MR R B2 R, A PR IR P s 3 4K
- DAL (Y)Y, ) AR (V) AR R B AR, >R H
Design Expert 8.0.6 {4, ] F§ Box-Behnken Design H )i/ [ i<
B hiatae " e IR 13,37 Jy A vk 22K ML, X
AR RN 2 ek 43 IR AT 2200 K T A g e N T
I AT SR AR AT , # B A AL 75 AT 2% 3 Lk 2E

KB, 0 D0 5 P, S 3 ok R A2 i, T AR S PR S T
(B IA) i 22 , i el 4 T 25
L5 BREERMELMAIMER Wk ZEAK L Ak ZE K TR Bl
(WRZEAK R I 80 Hf, iNA 0.5% 32 H HL2F 4E R 44, it
JERA]) 45 1 mL, 4358 TG A5 BB T 4s i s T A
500 mL HCI(0.1 mol/L) {4 H ,37 *C /KA ,350 1/min i
F£,2 h 5 R BT R B[R 500 mL pH 6.8 BRER 2% vt
W, ZriifE 0.25.0.5.1.2.4.6.8.12.24 .48 .72 h I BURRR
AR mL R 1.4.1.27 75 I A kK S R IR R
IS
2 RS
2.1 BREERWELTFHIE BRI B Al Skl
YERrihAH , FLAEFR OP—10 Flnt i 20 2 i 44 51, PEG400
FL,2-P9 s Ry B R TS R, 2 A0 T T L AL R G R4
LE% 1, I R e LT S, /K R R A4k 7 — (A
=3 .OP-10 PEG400 K, 1:1) LAk Tsr .
2.2 MM EGEIEKRZEXMILA T  Box-Behnken Design i
BOAE R LR 2, ML G Yol B AR 2 (1) 2270 K m] RS AU g
HAREMER3) RIS T 0.05, SRR SEFR
TREOUM A B 3o B 10 AR RS ALL M B 5 455550 {35 2 1 3
KF 4,73 514 80.03,25.54 F1 16.06 , 1 I iZ AR A L5143
BTy RE RSB AR IR 2 R LS, K R X i g
KLU EE (L3 2 R A A B e, Al T it
RN B A R, 3 R Z B AETE S EAE AT 1 1
IR, S, 7K B BT i LG I ARRL ok B A L S A T D )N
ARSI RS WU/ 5 A P S s, 2 1 b O, Dk
JEMEHI AR

Xof LS o B R 2 2 T AR AR A T SRR AL S AT
SRR AE S TN IR 22 73 50 3.15% (1.39% 1 6.52% . e H
SERFLAE T2 T2 A A0l 240 L, RIS R S OP -
10, B R HITE VR PEG400, —# i by 1:1,8,, 5Ky
Fii bRy 2.78( g g) , FLALETTAI R 2 min, OEARAL T 75 i ok
FERWEFLNFL A G, B s R, T LU RS
SRR DA R WL, W 18 S R BROE (181 2) , 43 A AR 24
5] R4 5T nm, WRFEK GG HKFREE 100 £, LK Ry
25 1,610 nm MHEREERH 96.4% ,10 000 r/min B.0>10 min,
VA B Bk
23 BREFEARMBAGEINFS Btz WK 3, ML 1
0.1 mol/T. HCI MRS , TEWEIR £ % il rhoRE TR R, ik
BERP LRI 72 h, B K BBREIOEE Sy 98.2% , e L Hh G Rk
AE, RRIITE 2 h N ERR, BRI 98.8% .,
3 i

MEFLRGEZ R MIR CHR LR O A L 5E IR 5 N TR
SR — B R S N R 1 28 IR H I = e 55 A BV E Al
MR ERAR R i B s 1 B R E 2l
FHNE B T 25915 3 R G AR E R R D UL o % WFIER
FHH R0 5 MrE A YRR Ak , b i e xs 245 917
fiff £ B KR AE R AR | 3 3k Box —Behnken Design i [ ] 15 Xof



50 % 8 1 X RARE AHAE R b A b Ak BRI & - HA Atk SR 149
*x1 REALFHIARERSR
Table 1 Phenomena of microemulsion system with different formula
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Table 2 Experimental design and results of Box-Behnken Design
X 2 S P Milics Sh L
No. Ji // ul) mix /) Emulsifying Conductivity Turbidity Drug loading
MW S, © water) time // min ) wS/mL) NTU) mg/mL)
1 300 9.00 3 4 28.5 19.287 1
2 200 4.75 3 4 44.0 14.562 2
3 200 0.50 5 71 200.0 2.456 5
4 100 9.00 3 4 5.5 5.966 7
5 200 4.75 3 7 53.0 14.488 4
6 300 4.75 1 7 55.0 17.278 9
7 200 9.00 1 4 18.5 14.221 5
8 200 4.75 3 7 47.5 12.300 2
9 100 0.50 3 78 200.0 2.360 1
10 300 0.50 3 74 200.0 2.731 4
11 200 9.00 5 3 22.5 12.631 3
12 200 0.50 1 78 200.0 2.260 9
13 200 4.75 3 7 44.0 16.643 4
14 300 4.75 5 5 61.0 14.988 7
15 200 4.75 3 7 33.5 15.046 9
16 100 4.75 5 6 23.0 6.086 6
17 100 4.75 1 7 4.5 5.007 2
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Table 3 Variance analysis of quadratic regression model for the conductivity, turbidity and drug loading

Y, (#5553 Conductivity ) Y, (1 Turbidity ) Y, (35245 & Drug loading)
WH
em F i P F i P F i Pl

F value P value F value P value F value P value
1575 Model 1 156.70 <0.000 1 85.54 <0.000 1 25.73 0.000 1
X, (#¥173ih Almond oil ) 2.09 0.191 2 13.64 0.007 7 61.96 0.000 1
X,(S,, /K S, © water) 7 139.33 <0.000 1 576.61 <0.000 1 91.19 <0.000 1
X, (FLALHH] Emulsifying time) 2.09 0.191 2 0.89 0.376 6 0.35 0.574 9
X, X, 2.68 0.145 7 1.16 0.317 1 17.09 0.404 4
X, X, 0.17 0.694 6 0.34 0.576 6 1.16 0.317 7
X, X, 0.00 1.000 0 0.04 0.856 7 0.33 0.586 4
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Fig.2 Electron microscope photograph of furosemide microe-

mulsion
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Fig.3 Cumulative release curve of furosemide microemulsion

and tablets in vitro
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