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Abstract: Objective In order to improve the percutaneous permeability of Baimai Ointment ( [ k%X &, BO), microneedle
technology was used to promote penetration, and its effects on the percutaneous permeability and application safety of BO were
investigated to screen safe and effective microneedle application conditions. Methods The abdominal skin of mice was used as
experimental material, and the improved Franz diffusion cell was used to evaluate the permeability in vitro. The 24 h cumulative
transdermal penetration amount and steady-state percutaneous penetration rate of ammonium glycyrrhizinate, nardosinone and
curcumin, the three main components of BO under different microneedle conditions, were calculated to evaluate the penetration
performance. Optical coherence tomography (OCT) was used to record the depth of micropores at 0, 10, 20, 30, 40, 50, 60, 90, and
120 min after microneedle treatment, and then the degree of skin damage and recovery was quantified as the basis for safety evaluation.
The external permeability, skin damage and recovery degree of the complex were taken as the scoring indexes (the weights were 40%,
30% and 30%, respectively). The length, action intensity and action time of the microneedle were used as the investigation factors to
optimize the conditions by orthogonal experimental design, and the appropriate microneedle conditions were screened. Results The

results showed that the influence of three factors on the comprehensive score was microneedle length > action time > action intensity,
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and the final microneedle condition was microneedle length 250 pm, action force 5 N, action time 5 min. Conclusion In this paper,

the effects of microneedle on the permeability, skin damage and recovery of BO in vitro were comprehensively considered to provide

theoretical reference for rational and safe clinical application of BO and microneedle penetration promotion.

Key words: Baimai Ointment; microneedle; percutaneous penetration; optical coherence tomography; comprehensive evaluation;

ammonium glycyrrhizinate; nardosinone; curcumin
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Table 1 Results of microneedle penetration orthogonal test

SEEG SN 395 CEETVEAY/
F5  A/um B/N C/min  D(RZE) BEMTS EHRRGREENS ERIKEREETS %
S 250(1) 1(1)  1(1) (1) 2.90 0.40 1.00 37.15
2 250(1) 32 32 ) 4.69 0.60 1.00 41.90
3 250(1) 5(3)  503) 3) 9.15 2.10 0.86 42.46
S4 50002 1(1) 32 3) 4.84 1.20 0.92 35.73
S5 50012) 32  503) (1) 9.82 3.40 0.76 3291
S6  5002) 5(3) 1(1) ) 7.17 2.60 0.92 34.14
S7 7503) 1) 503) ) 5.50 2.30 0.83 27.61
S8 750(3) 32  1(1) 3) 5.50 1.70 0.71 28.30
S9  7503) 5(3) 3(2) (1) 11.66 430 0.70 31.00
Ki 12151 10049 9959  101.06
K» 10278  103.11  108.63  103.65
K3 86.91 107.60 102.98  106.49

R 34.60 7.11 9.04 543
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x2 TRMSFHETEKKED 3 MRINEKEESH (X+s,n=6)

Table 2 Percutaneous penetration parameters of three components in BO under different microneedle conditions ( X + s, n = 6)

D%y 1233 712 Ot BIFH T2 r On/(ng-cm2) Jo/(ng-em2-h1) Okr ER
H R S| 0,=0.177 t+1.577 0.999 4 5.796 0.177 1.000 0 1.00
S1 0,=0.423 t+0.377 0.984 7 10.849 0.423 1.8718 2.39
S2 0,=1.320 t+2.398 0.997 5 33.562 1.320 5.790 5 7.46
S3 0,=1.9421+12.835 09826 58.163 1.942 100350 1097
S4 0,=1.138 t—0.167 0.998 0 27.521 1.138 4748 3 6.43
S5 0,=2.779 t43.036 0.993 2 67.076 2.779 115728 15.70
S6 0,=1.912 t+3.600 0.976 4 48.435 1.912 8.3566  10.80
S7 0,=1.164 11+6.525 0.995 7 34.178 1.164 5.896 8 6.58
S8 0,=1.328 t+3.841 0.987 8 34.900 1.328 6.021 4 7.50
S9 0,=2309t+12.737 09504 64.681 2.309 11.1596  13.05
R g l=! 0,=0.843 t—0.763 0.999 9 19.417 0.843 1.000 0 1.00
S1 0,=1.166 t—1.016 0.999 8 27.108 1.166 1.396 1 1.38
S2 0,=1.463 t—1.070 0.999 9 34.129 1.463 17577 1.74
S3 0,=1.704 t+7.340 0.989 3 46.436 1.704 23915 2.02
S4 0n=1.4111—0.971 0.999 9 32.838 1.411 1.6912 1.67
S5 0,=1.782 t+5.772 0.990 0 46.680 1.782 2.404 1 2.11
S6 0,=1.572 t4+1.430 0.996 6 38.056 1.572 1.959 9 1.86
S7 0,=1.565 t+2.877 0.995 5 39.140 1.565 2.0158 1.86
S8 0,=1.491 t42.006 0.998 2 36.985 1.491 1.904 8 1.77
S9 0,=2.098 t+7.686 0.976 9 55.472 2.098 2.8569 2.49
e =H 0,=0.017 t—0.050 0.999 8 0.346 0.017 1.000 0 1.00
S1 0,=0.080 t—0.268 0.999 8 1.659 0.080 4794 8 4.71
S2 0,=0.099 t—0.270 0.999 8 2.096 0.099 6.057 8 5.82
S3 0,=0.188 t40.431 0.983 4 4.691 0.188 13.5578  11.06
S4 0,=0.124 t—0.492 0.999 6 2.515 0.124 7.268 8 7.29
S5 0,=0.209 t—0.090 0.983 0 4.870 0.209 140751 1229
S6 0,=0.161 t—0.244 0.995 5 3.522 0.161 10.179 2 9.47
S7 0,=0.120 t—0.094 0.994 2 2.707 0.120 7.8237 7.06
S8 0,=0.123 t—0.202 0.998 5 2.703 0.123 7.812 1 7.24
S9 0,=0.274 t4+0.250 0.961 5 6.449 0.274 18.6387  16.12
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5 NREEIEA OCT B (#rR: 500 pm)
Fig.5 OCT of mouse abdominal skin (scale: 500 pm)

4 AEHCE 250 pm (a)s 500 pm (b)s 750 pm (c) K% e . .
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Fig. 4 OCT images of 250 um (a), 500 pm (b) and 750 pm V-7 =BEPEVF /IR RIBEVEV 57 X 0.4+ 1K 2
(c) roller microneedles with different lengths (scale: 500 pm) FE VP93 /i P SRR EEVE 7 X 0.3 — F A FE R v 40/ B
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Fig. 6 Micropore track change process within 2 h after microneedle application in orthogonal test group
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AWK FERE, LLBEME. B B R FE V4>
VERGEATRRR, A0k 58 4 i & BRI T (2 3B 261
IERIGEE R NE 1, HESWTERIE 3.

M7 ES AR5, A (K. B (fF
M) C (VERIHED 3 BRI ZAH A T2 s
KN A>C>B, H A>A>A; C6>C>C,
B3;>B,>B, 1 A XA IEMEE (P<
0.05), & B M C KERHGH¥ER, XAlfE
& BT SEI W TT 7 8 TR A R A, B
BR] 25 7K TR BEAS K5 BP0 B B A P s [) 22 S
AR AT EOK PRGN R 2 BRI,
PTG, By C2 E KA E/KFAA, [FRf
R IER KPRy (42.46%) Fem—4, #iE
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Table 3 Analysis of variance results

TERIE WA AmE #0r F{gE PfH

BEIEALA 222505 6 37.084  15.082 0.063
e 10760.604 1 10 760.604 4 376.344 0.000
A 199.981 2 99.991  40.666 0.024
B 8.620 2 4310 1.753 0.363
C 13.904 2 6.952  2.8270.261
R 4918 2 2.459

it 10988.027 9

KIERE 227422 8

T AR T SR AiBsCs,  BITIETH K E 250 pm,
YER I 5N, RN [E] 5 min.
3 itig

TEARWFL A, T Be W3 ol 1 Ik B I 1
IMBIENE, ANEERATHEEMET 3N 2.90~11.66
53 o FE VR BT AT 72 R 891, 39608 R A AL 2
fEFAE, BEMEESN 2.414 4, BAERERE
AN 1.0 W/em?. 5 min. 1 MHz, Bi&HFESN
1.958 1o fldtxs 3 FhAS R B F AR 3% R 25
BRAR T 3% RE R A HOR, IXUEBA T AR
RFAMEA L BETT IR E RS AR5 R
OCT RGN et 1 58 2 AT T, fEiX R
GuF, BENSIE LA BT LS. RINIRFEERITE
Rk BB N M RALIE, AT DLE I ) LR B R
JRAR A AR BE R B SRR FE AT P43 . R ET 2 h
5, ALER & EE RS HSE, X5 Huang
ZENR g R —5, #LL 2 h WIFLIE S BERAE
JIVEI R -

NEUIERE A 5 2 R FELE 50 pm 245121220, AH XS
A, AL S1. S2 AT FHIFLIER)/N T 50
um, RFEMFE, H 30min FHEZERE, 2 4
XT3 Fh E A R E R RAG, SR R
715 MR EA RER B BRAR RIS AR . A T S
BRI, AR IR W LLBEE
R ARt SR SRR AT R A VY, A R BRI
KRG TP R R R, Hag, H{ L
VAR ATERR, A B2 E ) DT ek e I, 1
IR FEE By SR B R kA 493 B R o o AE
RS ISRT 26 8 A AT KR, Fo5 B ek
M. YEHR SRR — PR EsERE, mak
—IREERINTE K DR B E R . ARSI T

KBE A I FE S TR 34T 1 %5, 1531 1 250 pum,

5N, 5 min XN, (HEFHERNHE SH K

B SR E S R, R RE AR R

SN J 7 VR OB R 38 S, Tl (i

PR 4 BN S LR SCHE
FBAR FIAVEHEHFRARGEAZFR
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