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Abstract: Objective To investigate the effect of berberine hydrochloride on transdermal permeation behavior of paeoniflorin in
vitro, screen the best penetration promoting conditions and explore the penetration promoting mechanism. Methods A modified
Franz diffusion cell method was used to select suitable supply and receiving solutions to explore the optimal permeation-promoting
conditions and rules for berberine hydrochloride to promote transdermal permeation of paeoniflorin; Scanning electron microscopy,
confocal laser scanning microscopy and molecular simulation were used to investigate the mechanism of permeation promotion.
Results The 20% ethanol-pH 7.4 phosphate buffer solution (PBS) was selected as the receiving solution, and the best transdermal
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effect of berberine hydrochloride - paeoniflorin was achieved under the media condition of pH 5.0, and the 24 h cumulative
permeation (Qz4) of paeoniflorin was increased by 78.03%, 44.73%, and 35.63% in the high, medium and low concentrations of
paeoniflorin paired with berberine hydrochloride under this condition, respectively. The Q24 of paeoniflorin in the high concentration
combination group was significantly different (P < 0.05) compared with the paeoniflorin alone administration group, and the
transdermal rate of paeoniflorin increased significantly with a pro-permeation ratio of 1.74. The results of the study onpermeation
promoting mechanism showed that berberine hydrochloride could loosen the stacked tile structure of the neat and tightly stacked
arrangement of the stratum corneum, and the surface folds were significantly increased and deepened; Berberine hydrochloride could
promote the permeation of the water-soluble component sodium fluorescein and lipid-soluble nile red in the skin, and the amount and
depth of skin permeation were increased. Berberine hydrochloride can competitively bind to the head of stratum corneum lipids,
freeing paeoniflorin from the hydrogen bonding network with skin lipids, and thus promoting the transdermal absorption of
paeoniflorin. Conclusion The optimal pH of paeoniflorin-berberine hydrochloride transdermal permeation is 5.0. Berberine
hydrochloride can promote the transdermal absorption of paeoniflorin with concentration dependence, and the mechanism of
promoting permeation may be that berberine hydrochloride promotes the transdermal permeation of paeoniflorin by modulating the
tight junctions of stratum corneum to ease skin transport resistance, affecting skin permeability and competitively binding to the
polar head of stratum corneum lipids.
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Fig. 3 Changes of Qn of paeoniflorin before and after combination of berberine hydrochloride (1.5 mg-mL™") and different
mass concentrations of paeoniflorin (X £ s, n=6)
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Table 3 Osmotic parameters of paeoniflorin before and after combination of berberine hydrochloride and paeoniflorin
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R INBER-AT 2 1 1.5-30 8 454,52+ 1 654.79" 343.60 95.95+39.67 —0.81 1.74

HAjZ5F s "P<<0.05

*P < 0.05 vs paeoniflorin
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Fig. 4 SEM images of mouse skin treated with different treatments (magnification > 1600)
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Fig. 5 Permeability of fluorescein sodium through mouse skin treated with different methods
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Fig. 6 Permeability of different treated mouse skin to nile red

WO, R ILER R /NBEBRAE pH 10.8 B T iZE
B st , FokgE pH 5.0, XA A5 HAE pH>10
(PR T DAAS KRR IR R 4 B 1 . U AFAE
RRPE R K BEA, T 7K o3 BiE R 2508 KA oG08, [H A3
B S I R R R AT 2 LR B SR R AR
€, HEEE pH TS, KPR RNERT, 252y
HH 2K IR BB BB ARAR, 7F pH 10.8 BB 2%
PR G WA i 25 R AT 25 R FE RO, Jd it SEM
MELE) pH 10.8 BTN B2 bk A 3 2 7= AR T B B
SRIMIAER, WTRE AR RIS . 2R
2 FEAT RN ER R /NEE B AN [ pHAE T [ AsE Pk
3% 7 VR S R RO S ), A pH 5.0
Bt pH 1E



¢EH 2023F11H H54% H22#  Chinese Traditional and Herbal Drugs 2023 November Vol. 54 No. 22

* 7419 -

RN - 2B 1 (E;=—4.3 J'mol™)

R /NBEG-NP MR 3 (E;=—4.0 Jmol™)

RN - P B 6 (E;=—4.3 Jmol™)

TR INEER - AR 7 (E;=—4.2 J'mol™)

E7 EEEEHSWABERE S F ISR
Fig. 7 Results of molecular docking between berberine hydrochloride and ceramide
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Fig. 8 Results of molecular docking between paeoniflorin and ceramide
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