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Abstract: Objective To optimize the formulation of salvianolic acid B (Sal B)-tanshinone II, (TSN 1II,) -glycyrrhetinic acid (GA)
(STG) microemulsion gel and investigate the impact of microneedle administration on its penetration promoting and anti-
inflammatory effects. Methods The comprehensive score of the microemulsion gel was taken as the response value, the dosage of
carbomer, dosage of microemulsion and pH value were selected as the investigation factors, and the preparation method was
screened by the Box-Behnken response surface method. A transdermal diffusion tester was used to investigate the in vitro
percutaneous penetration characteristics of STG microemulsion gel and STG microemulsion gel plus microneedle (500, 750, 1 000
um in length), and the contents of Sal B, TSN II,, and GA were determined by HPLC. The anti-inflammatory effect of STG
microemulsion gel (1 g each time, twice a day, for 3 days), STG microemulsion gel + microneedles (length of 500, 750, 1 000 pm,
respectively) were administered on the back was investigated by 10% egg white-induced swelling in mice and investigate its effect
on mouse sebaceous plaque tissue through seven days of microneedle administration. Results The best preparation process of STG
gel were carbomer dosage 1.00%, microemulsion dosage 0.10 g, pH 6. The content of TSN II,, Sal B and GA were 0.18, 1.05 and
1.53 mg'g”', respectively. Compared with TSN 1I,, the transdermal absorption of Sal B and GA was better. The cumulative
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transdermal volume of STG microemulsion gel combined with different lengths of microneedles: STG microemulsion gel + 1 000 um
microneedle group > STG microemulsion gel + 700 um microneedle group > STG microemulsion gel + 500 pm microneedle
group > STG microemulsion gel group. The retention of the three drugs in the skin was relatively high. Compared with the blank gel
group, the degree of foot swelling in the STG microemulsion gel group was reduced, but there was no significant difference.
Compared with STG microemulsion gel group, the degree of foot swelling in STG microemulsion gel + microneedle group was
significantly reduced, and the effect of 1 000 wm microneedle group was the most significant (P < 0.05, 0.01). The results of HE
staining showed that compared with the blank gel group, the number and volume of sebaceous glands in each group were decreased,
and the effect of microneedle length 1 000 um group was the most significant. Conclusion STG microemulsion gel + micronedle
administration has good transdermal characteristics and sustained release effect, which can exert anti-inflammatory and control
sebaceous gland secretion. The length of micronedle is positively correlated with the increase of transdermal rate.

Key words: salvianolic acid B; tanshinone 1I,; glycyrrhetinic acid; microemulsion gel; microneedles; anti-inflammatory; sebaceous

glands
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Table 1 Emulsion gel scoring standards
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eccentricity (20 points)
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Table 2 Design experimental factors and levels
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VA FH /% 0.50 1.00 1.50
TFLH /g 0.08 0.10 0.12
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Table 3 Box-Behnken response surface method

optimization design and results of processing experiments

WIS FUWHE%  WEUHEE  pH  ZKEVFD
1 1.00 0.08 6.50 55
2 1.00 0.10 5.75 91
3 0.50 0.12 5.75 74
4 1.50 0.10 5.00 50
5 0.50 0.10 5.00 70
6 1.00 0.10 5.75 96
7 0.50 0.10 6.50 76
8 1.50 0.08 5.75 57
9 1.00 0.10 5.75 92

10 1.50 0.10 6.50 46
11 1.00 0.12 6.50 76
12 1.00 0.08 5.00 53
13 1.00 0.10 5.75 86
14 1.50 0.12 5.75 77
15 1.00 0.10 5.75 92
16 0.50 0.08 5.75 82
17 1.00 0.12 5.00 70

HT P 1A, RO B L B pH X 2R S
PRI IRE W2 N ok & L RIE — € VB A 4%
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VRTS8, - 5 P 58 e B  BACPL T R 2, pHL
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Table 4 Variance Analysis
TiH PR BB FE PE BEMH
[EFEEA 3 877.56 9 12,66 0.0015 o
A 648.00 1 19.04 0.0033 H
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C 12.50 1 0.37 0.5636
AB 196.00 1 576  0.0475 *
AC 25.00 1 0.73 04197
BC 4.00 1 0.12 0.741 8
A? 504.85 1 14.84 0.0063 o
B’ 266.12 1 7.82  0.0267 *
o 1 675.80 1 4925 0.0002 ok
PES 238.20 7
AV 187.00 3 487 0.0801 AEZE
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Fig.1 Contour plot and response surface diagram of Carbomer dosage, microemulsion dosage, and pH value
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Fig.2 Microneedle rolling direction
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Mo WHESEMELEAY AT EN 2, HE—
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A-STG W FLEEK s B-STG T FLEEK + 500 pum ik s C-STG LB 4700 pm 184t s D-STG LB +1 000 pm ftt

A-STG microemulsion gel; B-STG microemulsion gel + 500 pum microneedle; C-STG microemulsion gel + 700 um microneedle; D-STG micro-

emulsion gel +1 000 pm microneedles
3 AERSEHKET TSN I, . Sal B.GA N2 8B 2k

Fig.3 Transdermal permeation curve of TSN II,, Sal B, and GA under different microneedle lengt

R5 AEHFIHETSNIL,Sal B,GARERIIHEFREBEXSH

Table 5 Transdermal dynamic equations and permeability parameters of TSN II,, GA and GA in different preparations

Ziy ol Higuchi i 77 14 R O./(pg-em™) Jg/(ugrem™h™) 0,/ (ug-em™)
TSNII, A 0,=0.706 6 #7+0.728 4 0.965 3 29921 0.707 1.303
B 0,=0.733 8 *4+0.303 3 0.979 3 32707 0.734 1.267
C 0,=0.6510¢7+0.278 6 0.960 3 3.7539 0.651 1.822
D 0,=0.646 6 {°—0.078 0.969 0 3.894 7 0.647 1.799
Sal B A 0,=0.0582¢°—28775 0.961 6 14.307 0 0.058 9.137
B 0.,=7.7577¢7—6.6502 0.9722 34216 0 7.758 18.729
C (0,=13.5870¢7—12.271 0.9759 55.068 1 13.587 16.263
D Q,=18.0740"7—16.024 0.968 6 78.7250 18.074 21.143
GA A 0,=82337(7—3242 0.948 7 38.2679 8.234 19.814
B  0,=10.6310¢7—3.92 0.899 4 47.327 8 10.631 18.134
C 0,=12.1970¢7—0.3752 0.976 4 58.281 2 12.197 23.562
D (0,=25.86501"7—20.679 09711 108.705 6 25.865 20.413

A-STG ALK s B-STG T FLEE L + 500 pum kT s C-STG S FLEEAE +700 pm Bl s D-STG A AL B +1 000 pm f
A-STG microemulsion gel; B-STG microemulsion gel + 500 pum microneedle; C-STG microemulsion gel + 700 um microneedle; D-STG mi-

croemulsion gel +1 000 um microneedles
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Table 6 Comparison of swelling rate of toes in each group (x+s,n=6)

3 TR K JE /%
lh 2h 4h 6h
2 R 0.13+0.02 0.12+0.03 0.08+0.02 0.06+0.01
A 0.11+0.02 0.09+0.01 0.07+0.01 0.06+0.01
B 0.09+0.03 0.07+0.02" 0.05+0.02 0.03+0.02
C 0.07+0.017* 0.05+0.01"" 0.04+0.017 0.03+0.02
D 0.05+0.02"* 0.04+0.01" 0.02+0.027 0.01+0.017*

5 HERAEE " P<0.05 “P<0.01; 5 STG M FL IR A FL AL . *P<0.05 "P<<0.01; A-STG M FLHEERL s B-STG T FLEEL 4500 pm ikt ;

C-STG M FLEEK: +700 um ftkl s D-STG i FL&EK: +1 000 um ftkl

"P<0.05 "P<0.01 vs blank gel group; “P < 0.05 *P <0.01 vs STG microemulsion gel; A-STG microemulsion gel; B-STG microemulsion
gel + 500 um microneedle; C-STG microemulsion gel + 700 um microneedle; D-STG microemulsion gel +1 000 um microneedles

2.5 STG L £R X /)N R B B AR BE2H ZR O 1E R
251 SRR s Yy 30 HOREE RN R
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0 35 245 20 R g R A8 A 175 1 CIR 40 ) W ] 0 = 5
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Fig. 4 Fibrous structure of mouse sebaceous glands
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