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Formulation Optimization of “Three-Six-Nine” Ointment by Box-Behnken Response Surface Method

FU Hongwei, FU Qiang, LI Hui, SHEN Hongliang(Shaoxing Integrated Traditional Chinese and Western Medicine
Hospital, Shaoxing 312030, China)

ABSTRACT: OBJECTIVE To optimize the extraction process of volatile oil components in “Three-Six-Nine” ointment to
prepare the “Three-Six-Nine” sustained-release gel paste. METHODS The Box-Behnken response surface method was used to
optimize the extraction process of the volatile oil of the “Three-Six-Nine” ointment. The receiving rate of the volatile oil was
taken as the evaluation indicator, and the particle size of raw material, extraction temperature and extraction time were taken as
the investigation factors. The binomial equation was used to fit the experimental results to verify the optimal extraction
conditions. The nano-lipid drug delivery system based on B-cyclodextrin was prepared by emulsification ultrasound-rotary
evaporation method. The quality evaluation criteria were sensory evaluation, formativity measurement, skin followability, cold
resistance evaluation and heat resistance evaluation. RESULTS  The best extraction process of the volatile oil of
“Three-Six-Nine” ointment was as follows: raw material particle size over 40 mesh screen, with extraction time of 3 h and
extraction temperature of 50 ‘C. The amount of volatile oil extracted was (0.469+0.021)mL, the yield of volatile oil was
(1.78+0.08)uL-g~!. The results implied “Three-Six-Nine” ointment shown stable formability, heat and cold resistance, and had
good adhesion and skin adhesion. CONCLUSION Box-Behnken response surface optimization method is simple and
predictable, the prepared “Three-Six-Nine” gel paste has good quality.

KEYWORDS: “Three-Six-Nine” gel paste; emulsification ultrasound-rotary evaporation method; nano-lipid drug delivery
system; Box-Behnken response surface method; quality control
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H, BOEAIUAE R ) 15 MPa, 73451 5 MPa,
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MO DO FR TR R IR,
MG =14 A & (mL)/fHEa i i (g)

2.1.2 FERUREWFE ¥ 2,117 TRk
Hil g, Pl AR 200 L-ht, i
BURLEE 60 H . AHUIE] 3 h, AR 30,
40, 50 °CHIXHERIMIS R, 258 ER, 4
AW E R 50 °CHf, 4 K& EEH& KN
(0.456+0.024)mL , 4% & il 5 F & & N
(1.73£0.09)uL-g ' ZEHUEEE K 40 °CHF 5 30 °)CF
A Ta b BE 22 R AR, BRI AR U B 7E 30 °CH
FER MBS B AN R4, TS 50 °CHY R FrEk
P, R (U e ek B X A B T
WA, Hit, EEEAEPGRE R 40~50 °C,
R 1,

=1 EREENELMEENZHE(XLs, n=3)

Tab. 1 Effect of extraction temperature on extraction yield
of volatile oil( x £ s, n=3)

HERURSE/C ¥ K il /mL R MR/l -g!
30 0.228+0.028 0.86+0.11
40 0.448+0.019 1.70+£0.07
50 0.456+0.024 1.73+0.09

2.1.3 THEABBREAS #F 2117 WU
Dl &R, R R 50 °C . JFURRLEE
60 H . ZEHUHE] 3 h, FE4SALikiiE A 200,
250, 300 L-h~" B X8 A A R 05200 25 R Wos
TR ARRR I XA AR R I AR TC R, A
L Z B, AR RN N, R MR T
WS, B8R EE S, Kk, e
AR 200 L-ht, SR LEE 2,

T2 —AMBRENELWEENTHE(XLs, n=3)
Tab. 2 Effect of carbon dioxide flow rate on extraction
yield of volatile oil( X £ s, n=3)

AR /L B! Y 22 A /mL YRR AR/ g!
200 0.449+0.019 1.7040.07
250 0.467+0.027 1.77£0.10
300 0.460+0.022 1.74+0.08

2.1.4  FEREHEBFZE H 2,007 TR RO
Hil B AE K, i AR 200 L-ht, R
BHRIEE 60 H . SNIRE 50 °C, HEEAHU ] 1,
2, 3 h BFRHELZ MR, 4507 ER, AR
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#3 EEAEELMEEWNYHE(TEs, n=3)

Tab. 3 Effect of extraction time on extraction yield of
volatile oil( x £ 5, n=3)

ZEU ] /b 5 Sz A /mL R AMAT R UL -g !
1 0.361+0.033 1.37+0.13
2 0.441+0.029 1.67+0.11
3 0.457+0.013 1.73%0.05

2.1.5 JFURPRIEEDFSY  #% “2.1.17 TR AT EE
Ml g, Pl AR R 200 L-ht
R BE 50 °C . ZEHUAF ] 3 h, HEFRHE 40, 60,
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e, PUCRURRLRE BEREVE BRI 2 40~60 H .
JERMRLEE X #5 & AT SR 52 DL 3R 4

T4 BEHHEMELHEEGTHE(TLs, n=3)

Tab. 4 Effect of raw material particle size on extraction
yield of volatile oil( X £ s, n=3)

Fz6 EFARRITEER
Tab. 6 Design and results of Box-Behnken test
JEORPRLIE/  ZEWUREE/ USRI WA

S H C h mL uL-g™!
1 60 50 2 0.411 1.55
2 40 45 2 0.451 1.70
3 60 45 3 0.458 1.73
4 40 50 3 0.475 1.79
5 20 45 3 0.445 1.68
6 40 45 2 0.472 1.78
7 20 50 2 0.466 1.76
8 20 45 1 0.409 1.55
9 60 40 2 0.419 1.58
10 60 45 1 0.345 1.30
11 40 45 2 0.451 1.69
12 40 45 2 0.437 1.65
13 40 40 3 0.451 1.70
14 40 45 2 0.428 1.62
15 20 40 2 0.424 1.59
16 40 50 1 0.371 1.40
17 40 40 1 0.387 1.46

2.2.2 PREEUFRREST 5208 4 Design-

Expert 10.0.1 #FXAFXHAIR 5 R b7 2 08l & 0¥
75 26 JFRRRL BE (A) . A2 B B2 (B) LA B 2 HUAS []
(C)3 M om _REZHMIAFERN Y=
—0.052A+0.021B+0.15C—0.050AB+0.075AC+0.038
BC-0.045A%-0.023B%-0.078C>+1.69, J5 2243 ¥ &

JEURRRLEE/ H 8 il /mL RN/l g ! 124N
40 0.4540.029 1.7240.11 AL 7.
60 0.436+0.042 1.65+0.16 £7 FEHFBREZRAL
100 0.253+0.026 0.96=0.10 Tab. 7 Analysis of variance and significance test
W o P FEKWE FHM HBE B F P WEM
2.2 WRIREREPE AR “ =R HRTZ s 0.28 9 0.031 1293 0.0014 B3
221 RET54ER KA Box-Behnken i/ ACEEVELEE)  0.022 1 0022 916 00192
Wi, LURRPRLIE(A) FHORIE(R), BERIFIC) ORI a6t 071 s6mior 150 0202
N CERURTE)  0.18 1 0.18  73.51 <0.000 1
B R, (AT R SRR S e
I, REBUEE, ZEBUREE: 40~50 °C; ZEHET  Ac 0.023 I 0023 934 00184
[B: 1~3 h; JFORPRIE . 20~60 H. DIFEKiha . BC 5.63x10° 1 5.63x10° 234 0.1703
S b4 ~ N — « ”” >y 2 .62x1073 62x1073 . .
PRI, B 20" TRk N S0t 1 seo s ol
Sy N = ZH £ B EI/EI>< } ~Y =] T . X N . X . .
Kill, DB RO R T . VS
KT ILER 5, gt a5 R L3k 6. 5% 0.017 7 241x10°7
. A 2.18x10° 3 7.25x10* 020 08931 AREFE
%5 Box-Behnken % [ & JACF 2% 0015 4 3.67x10°
Tab. 5 Factors and levels of Box-Behnken response surface 2 0.30 16

method

o K-
-1 0 1
A(FEPRLEE )/ H 20 40 60
B(FEHLEFE )/ °C 40 45 50
CRIRA])/h 1 2 3

P AR F 255 2023 4R 7 5 40 B4 14 1

H R 7 BRI S518 , AR ERsA P=0.041 5<
0.05, KU P=0.746 2>0.05, FIIAMFST HEHUE
ISR HE, P Pe<Pa<Ps, # 3 MNHEZERHE LM
BRI S C>A>B, R>=0.943 3, Rladj=
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Tab. 8 Results of experts authority coefficient statistical

LR BB PRI AES
1 0.80 0.60 0.70
2 1.00 0.80 0.90
3 0.60 0.80 0.70
4 1.00 0.80 0.90
5 0.60 0.40 0.50
6 0.80 0.80 0.80

242 BEIHY  KIESR 9 PRTEI R IC SR B
BB ZXE 3 AR 3 ARSI AN L AR
S, REBEMESEEN 4 DSPRMET S 3 Ik, 4
RILER 10, Bsr G135 IWEl 2,

x99 REFNTE

Tab. 9 Sensory evaluation standards
Pt 1~4 43 5~7 4%

8~10 43

SMAEGY MERES . AERE AEMESEERE SR, ok
RIERE RWZHK Kb/ AL HAN

REMYE AR Btk KR Bt HBIRE . Fitkhr
EFIEE AEM . AP ARSI TR

Fz10 REFNEL(Tts,n=3)
Tab. 10 Sensory evaluation score( x £, n=3)

EE S SOUPEMY IR A mIEE &P
1 9.00+0.82  8.67+0.47  7.33%125  8.67+0.47
2 8.00+0.82  9.00£0.82  6.00+0.82  8.33+0.47
3 8.33£0.47 833047  8.67+0.94  9.00+0.00
4 9.00+0.82  8.00+0.82  7.67+0.94  9.00+0.82
5 9.67+0.47  8.67£0.47  6.674047  9.33+0.47
H1E 8.80£0.91 853072  7.27+129  8.67+0.62
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Fig.2 Scores of sensory evaluation indexes( X s, n=>5)
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