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Abstract: Objective To establish the tanshinone IIa (TSA) microdialysis sampling method and explore the skin pharmacokinetic
characteristics of TSA microneedles. Methods A TSA analysis method was established to determine the feasibility of internal
standard gemfibrozil (GEM) analysis method. The incremental method and decrement method were used to investigate TSA recovery
rate, GEM release rate and stability of P value, and an in vitro microdialysis sampling system was established. TSA microneedle was
administered transdermally to rabbit ears, GEM was used as internal standard for microdialysis sampling to determine the TSA skin
drug concentration. DSA 2.0 software was used to process the pharmacokinetic data and draw the drug concentration-time curve.
Results The recovery rate of drug was inversely proportional to perfusion speed, and was positively proportional to temperature
without being affected by the concentration of outer liquid of probe, and P value could maintain a good stability. GEM had no
interference to TSA, and the average P value after body correction was (60.04 + 1.90) %. In pharmacokinetic parameters and drug-
time curve of TSA microneedle, the drug concentration of TSA microneedle group was significantly higher than that of TSA liquid
group, and the curve was flat. The average drug retention time (MRTo-12) was (5.1 + 1.3) h. Conclusion After TSA microneedles is

administered, the concentration in skin tissue is relatively stable and has obvious sustained-release effect.
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Table 1 Solubility of TSA and GEM in different perfusion solution

I 5 Jo7K Z.FE-PEG400-0.9% S A BR 7 1 EE 1) TSA W fERE/(ng-mL™") GEM VA /(ug-mL™)
SI 1:2:7 — 187.321
S2 1:1:3 2.179 917.608
S3 3:2:5 40.397 3508.430
S4 2:1:2 96.666 7 153.965
S5 5:2:3 169.476 7 806.724
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435I 0.5+ 0.8+ 1.5 uL/min AR SRR, T 60
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Table 2  Recoveries of TSA and GEM in different
perfusates
T GEM [A1iC#% /% TSA [EIW#/%
S3 25.45+0.29 31.63£0.60
S4 25.64+0.29 40.76 £0.68
S5 27.78 £0.35 41.20£0.76

Rpc=(Cpc—Cuc)/CpG (3)
P=RpG/RrT 4)
Cac NIENTHH GEM MR EIREE, Cpo NHERM T GEM I
JFREIKRIE, Rer TSA [FIH, Rpoy GEM B
3% 3 fizn, Rer '35 Roc BEARBLRE R K
BEA, {H Rer A1 Rog M ARALIEEE A —BL, fEA

®3 ERFAREXEWER. BHEE PENZE

Table 3 Effects of different perfusion rates on recovery rate, delivery rate and P value

FEWARARM /(UL -min ") Ceet:7/(ug'mL™") RpG RrT P1% RSD/%
0.5 5.875 37.00 72.45 50.65+0.56 1.11
0.8 5.815 25.96 51.42
1.5 5.853 19.24 38.16

FEARRE R, PAEA (50.65+0.56) %, K P14
FaE, AZRERARR RN .
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Table 4 Effects of different temperatures on recovery rate, delivery rate and P value

T/C Cectr/(ng-mL™") RpG Rr.T P/% RSD/%
25 5.865 18.43 36.24 50.89+0.56 1.85
32 5.854 21.98 42.93
37 5.815 26.01 51.38

2.4.3  JREIREEX R BEBCE & P AR
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(2.740. 5.719. 28.827 ug/mL) [¥] TSA ¥EWAE IR
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Table 5 Effects of different concentration on recovery rate,

delivery rate and P value

Ceotm/(ug'mL™")  Rpg  Rrr1 PI% RSD/%
2.740 2509 4952 50.52+098 195
5.719 2550  50.25

28.827 2588 51.61

2.4.4 NFRY) GEM % TSA RIS BEUR 1) 520
PA S MD HUFE R e 1t % %%
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Rpc 1 P1H.

WK 2 fon, H2S BERBERRS, TSA T
FSEY (51.0620.11) %, HiHd GEM HIHER
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Fig. 2 Stability investigation of TSA and GEM during MD
sampling by gain method
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Fig. 3 Stability investigation of TSA and GEM during MD
sampling by loss method

W (B), BAEEVEML: 0~3 min, 30%B; 3~13 min,
20% B; AFUAE N 0.8 mL/min; KA 270
nm; FE#EN 30 C; #BEFEEH 10 pL.
252 LREMERE K TSA 4. GEM fiff 5%«
TRA IR LA B2 VAR (S4 0D HETREI, 25
REIR, GEM Al TSA WEJE RUF, JoARUETHL, 4
B FEAD RN 7395 G 2K
253 ALPERRFEHR I TSA & WA GEM
i, T —EIRFERAER S4 WMiks, DAETHAR ()
SRR (o) HHTERMERIE, SflbrEih L.
TSA [BIHHFEN: y=1.004 5x—0.0079, R2=0.9996,
LR EWRE N 18.12~362.40 ng/mL I £k % %
RIf; GEM [FEIHFEA: »y=0.064 7 x—0.008 5,
R>=0.9999, FWEIKE N 1.768~17.680 ng/mL
I 2&ME 08 R R AT
254 FEEERE B TSA fE4BA GEM it
W, FRHME. B & 3 AR R R A0 B VAV
7] — A B IE SRS 6 IR, 15 3] GEM Jit 23 & RSD
3N 1.18%. 0.69%- 1.36%; TSA Jfi B E RSD
I HIN 0.37%- 0.53%- 0.35%, HI/NT 2%, FHIMY
P NG R, R VS R BT
255 FoEtilie BRI A XIS T
2. 4. 64 8 12, 24 h HEFEAEIN, ICSRIETIAN. 15
F| GEM. TSA [1J RSD 43524 0.69%- 0.38%, 5/
T 2%, #FH] TSA Fl GEM 7E 24 h &€ .
25.6 FEEMHE  HUERCES 6 4, SEFERTI,
CFIEHE A, TSA. GEM ) RSD 230514 1.14%.
1.25%, 3/NTF 2%, RZTEFEIERLT.
2.6 PEMEMRKIE

BAMAR AR T HIE, LL0.8 uL/min /&3
T 0.9%FALENAWE 1 h, R N EAL R k2
LB IR, MLAEKE o S8 )5 T4 S4 AHEVR 1 h,
WegE 1 S HIENTI . B TSA A1 GEM RS
S4 WRVRHETL, T 1 h JFIEERES, A 20 4Bl
£ 140, L 12h. W2 HELBH R, EEE
WA

il HPLC %€ Cars Cag Cpon Coro T H Rp 14
Roc M PAE. WK 4 Fi, PEA (60.04E£1.90) %,
RSD N 3.16%, fr&HEMME iRz GH, P18
et T,
2.7 BHRBIBEE
271 IRA LN LS TOH] TSA 253 (632.44
ng/g), H A 2% A EIAT 10%N —BEVE RS



PER 202218 B53% H 1 Chinese Traditional and Herbal Drugs 2022 January Vol. 53 No. 1 - 131
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Fig. 4 MD sampling of TSA and GEM in vivo (n = 3)
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Fig. 5 Experiment diagram of microdialysis sampling

2.8 AENFEHIRAIE

AR (3 THEEANBUE A Rog, BTEM P
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HLUF L TSA WS VIR REIRE (Crsado KH
DSA2.0 FAFHEAT el AbH, fi F AR D5 S AR 6] 17 Jik
HYUR Crsa SHFIE] (0 BHRHATINE . R B2
SR 6, IR K 6. A2i)G,

TSA T HH LAWK EW R T TSA 2574
55 TSA 252 EL , BCeT 2 B 24 I 3k P55 fh 2R A X T
Y%, R TSA MR AP AR T4 P 3
IF[E] (MRT) BHR 253 e, 2525 12 h 15 RETE
A LRI B 25 254, R BH TSA T 29 ReAE KL
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Table 6 Pharmacokinetic parameters

¥ LA TSA Z5A TSA Tkt

Tnax h 1.556+0.193 2.111£0.962
Cnax ng'mL™! 85.533+11.541 112,776 +15.822
MRTo-12 h 3.285£0.090 4.85410.048
MRTo-x h 5.198£0.361 7.527+0.494
AUCo-12 ng-mL"-h 347.399 £37.005 842.377144.045
AUCo-» ng-mL"-h 425.562+44.009 1 043.856+-44.966
Va mL™"h 0.758 +0.027 0.11440.021
CL mL""h 0.027£0 0.016x0
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Fig. 6 Drug concentration-time curve of TSA
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