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Optimization Based on Water Content Conductivity Fitting Curve Model Study on Tanshinone Microe-

mulsion

ZHONG Wenjia, HUANG Yisui, LIU Zhuobo( The First Affiliated Hospital of Guangzhou University of Chinese Medicine , Guang-
dong Clinical Research Academy of Chinese Medicine, Guangzhou 510405, China)

ABSTRACT: OBJECTIVE To verify the accuracy of the “water content-conductivity fitting curve” model for determining the
critical point of microemulsion O/W phase, and to further use this model to optimize the microemulsion of tanshinone extract.
METHODS The “water content-conductivity fitting curve” model was used to determine the phase critical point of microemulsion
into O/W type. According to the proportion of microemulsion oil phase, total surfactant and water phase, the pseudo ternary was drawn
using Origin 2021 software. The phase diagram was used to screen out the proportions of the larger milk-forming areas; the average par-
ticle size and PDI of the microemulsion were used as the inspection indicators, and the star point design-response surface method was
used to optimize the microemulsion; high-speed centrifugation and standing at 4 C and 25 °C for 60 days, to examine the stability of
the microemulsion. RESULTS The optimized microemulsion formulation was ( 18. 11% medicated oil phase, 61.21% Tween 80,
20. 68% 1,2-propanediol, the water critical point is 64.29% ), K, was 2. 96, preparation temperature was 27.4 “C , under different
experimental conditions, the stability of the microemulsion was good. CONCLUSION The O/W phase critical point determined by
the “water content-conductivity fitting curve” model has high accuracy, and the optimized microemulsion has good stability, which
achieves the expected research goals.

KEY WORDS: central composite design-response surface methodology; visual inspection method; “water content-conductivity fitting

curve” model; tanshinone
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Tab.1 Comparison of “visual method” and “water content-conductivity fitting curve” model

Prescriptions composition

Visualization Conductivity-water content curve

Prescription

Critical moisture

Particle size Critical moisture Particle size

Oil + surfactant + cosurfactant + water( g) PDI PDI
content/ % /nm content /% /nm
A 0.50A +6.3Tween80 + 3. 2propanediol 59.18 22. 68 0. 141 69. 23 18.82 0.122
B 1. 0IPM +4. 5RH40 +4. 5SPEG400 56. 62 27.06 0.172 67.21 25.79 0.153
C 0.90A +6. 8RH40 +2. 3dehydrated alcohol 62.96 26.19 0. 157 73.33 23. 81 0. 139
D 0.3TAN +0.20A +6.3Tween80 + 3. 2propanediol 64. 29 23.84 0. 167 72. 60 20.43 0. 151
E 0.3TAN +0.7IPM +4. 5RH40 +4. SPEG400 60. 78 35.59 0.213 71.43 28. 62 0. 196
F 0.3TAN +0. 60A +6. 8RH40 +2. 3 dehydrated alcohol 65.52 29. 64 0. 191 74.36 25.31 0. 180
O/W Critical moisture content/%
200 O/W Critical moisture content/% 200
180 180 4
160 160 4
- 1404 prescription A - 1404
E, O/W Critical moisture content/% E prescription D
= 1204 = 1204 O/W Critical moisture content/%
z =
= 1004 £ 197
g g
2 804 2 804 prescription E
3 prescription B S
60 60 -
40 40 4
204 20
0 T T T T 1 0 T T T T 1
0 20 40 60 80 100 0 20 40 60 80 100
Water content/% Water content/%
Bl =a#dmedfyilnsdKE-veids

Fig.1 The water content-conductivity curves of blank microemulsion and drug-containing microemulsion
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EO RH40 25 i Jge K g b, 45 R L3R 2, etk
MHAH A OA, R T 1 175 2~ Tween80 | Bl 2% THI 1 1
A1, 2-N

K2 ALE(TAN) B A A H R & AR AL

Tab.2 The maximum dissolution ratio of TAN

Type Accessories Maximum dissolution ratio
0il OA 1:8
PM 1:11
EO 1:9
Surfacant RH40 1:7
Tween80 1:5
SDS 1:8
Cosurfactant PEG400 1:9
Propanediol 1:7
Dehydrated alcohol 1:10
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Fig.2 Pseudo-ternary phase diagrams of microemulsion with different K
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CFBPRAZAT10 ~ 100 nm ) |, #8055 245 A 5 Kk &
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Tab.3 Factor level setting of central composite experimental

design with different inspection factors

Examining factors

Level A B C
(0il) /% (Ky) (Temperature ) /°C
-1.682 10 1 25
-1 18. 11 1.61 27.4
0 30 2.5 31
1 41.89 3.39 34.6
1. 682 50 4 37

2.5.2 T ZWITAZER K Design-Expert
12.0 %136 3 BB ER R I T s B b W T T2
Vit 25 LR 4 ARYE R 4 1 T2 A A EHI L K
13BN LIRSS A BT I 2500 A5 R L3 5 ~ 6,

R4 TRFXEARTHELLMER
Tab.4 Experimental design and results with different inspec-

tion factors

A/ B/ Cc/ Particle Size
Sample PDI
(0il) /% (K,) ( Temperature ) /°C. /nm
1 18. 11 1.61 27.4 22.48 0. 096
2 41. 89 1.61 27.4 41.37 0. 184
3 18. 11 3.39 27.4 19.32 0.076
4 41.89 3.39 27.4 46.31 0.236
5 18. 11 1.61 34.6 23.31 0.092
6 41. 89 1.61 34.6 26. 63 0.177
7 18. 11 3.39 34.6 21.61 0.078
8 41. 89 3.39 34.6 49.22 0.263
9 10 2.5 31 15.32 0. 062
10 50 2.5 31 30. 62 0.216
11 30 1 31 36.91 0.129
12 30 4 31 44. 58 0. 185
13 30 2.5 25 32. 64 0.073
14 30 2.5 37 26. 49 0. 091
15 30 2.5 31 29. 86 0. 084
16 30 2.5 31 28. 66 0.071
17 30 2.5 31 28.42 0. 092
18 30 2.5 31 30. 69 0. 086
19 30 2.5 31 33.67 0.099
20 30 2.5 31 33.96 0.102

FPIE 2y ek 2024 4F 2 H A 59 45 3 )
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Tab.5 Results of ANOVA of the average particle size with different inspection factors

Source Sum of squares Freedom Mean square F P
Model 1 417.29 9 157.48 10. 53 0.000 5
A 769.92 1 769.92 51.46 <0.000 1
B 92. 64 1 92. 64 6.19 0.032 1
C 26.58 1 26.58 1.78 0.2121
AB 131. 14 1 131. 14 8.77 0.014 3
AC 27.94 1 27.94 1.87 0.2017
BC 45.65 1 45.65 3.05 0.1113
A? 109. 66 1 109. 66 7.33 0.022 0
B2 179. 16 1 179. 16 11.97 0.006 1
c? 2.63 1 2.63 0.1755 0.684 1
Residual 149. 61 10 14. 96 - -
Misfit term 120. 28 5 24. 06 4.10 0.073 8
Error 29.33 5 5.87 - -
Total variance 1 566.90 19 - - -

F®6 TREFZEEFT PDI £ 94
Tab. 6 Results of ANOVA of PDI with different inspection factors

Source Sum of squares Freedom Mean square F P
Model 0.068 7 9 0.007 6 21.50 <0.000 1
A 0.044 2 1 0.044 2 124. 58 <0.000 1
B 0.002 9 1 0.002 9 8.10 0.017 3
C 0.000 2 1 0. 000 2 0.480 8 0.503 8
AB 0.003 7 1 0.003 7 10. 42 0.009 0
AC 0.000 1 1 0.000 1 0.170 5 0.688 4
BC 0.000 2 1 0.000 2 0.563 6 0.470 1
A2 0.007 2 1 0.007 2 20.24 0.001 1
B2 0.0119 1 0.0119 33.42 0.000 2
c? 0.000 1 1 0.000 1 0. 1910 0.671 3
Residual 0.003 5 10 0. 000 4
Misfit term 0.002 9 5 0.000 6 4.58 0. 060 2
Error 0.000 6 5 0.000 1
Total variance 0.072 2 19

#£S5 ~6 ¥R B B W B E
(P<0.01) JRWTAHRLEEM.(P>0.05),3F
Wiz Bk 2 A B X 1 S 00 B9 B B AR TG BRORE
Bl BRAT 1 LT 4 R A I LI 3. 4 B
XY kAR (PDI ) SE G 25 R k47 200 Wk B IH
ST 3R A T ~2,

SEHRiA% =30. 871 +7. 508A +2.605B —1.395C +
4. 049AB — 1. 869AC + 2.389BC —2.759A” +3.526B> -
0.427C? (1)

PDI = 0. 088 +0.057A +0.015B + 0.003C + 0. 022
AB +0.003AC + 0.005BC + 0.022A° + 0.029B> +
0. 002C’ ~al(2)

TR A5 B B INTAPRARFN PDL 4351 R
18.53 nm 0. 054, 2% JE - Bk A2 X el T 2 ik iy
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B3 HREXABAAE PDI a9 E o7 E
Fig. 3 Response surface of A, B to particle size and PDI

RT ALWMBBROBARK T ZWRIELER. n=3

Tab.7 Results of optimal design with tanshinone microemul-

sion. n=3
Sample _
Assessment indicators x s
1 2 3
Average particle size/nm 18. 11 18.72 17.94 18.26 0.41
PDI 0. 083 0. 087 0.077 0.082  0.05

Zeta potential/mV -13.45 -13.63 -13.72 -13.60 0.14

10 min, ZR J& 98 48 W I3 0 2% 10 B 19 B ¢
10 min, 2355 T, e (o AR 10028 3 Pl B L4 I A
FELATE A, n] DLags S i B AL I B P 4
JEF], JOR M BURG i , WLI 4

- e 5
o® §

B4 &AL BRI B 5 A
Fig.4 Electron microscope graphs of the optimal tanshinone

microemulsion
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Fig. 5 Microemulsion identification graph of O/W with the op-

timal tanshinone microemulsion
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