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Preparation of berberine-zinc oxide nanoparticles and their in vitro transdermal
permeation study
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Abstract: Objective To prepare berberine-zinc oxide nanoparticles (Ber-ZnO NPs) using the high-pressure homogenization method,
assess their physicochemical characteristics and transdermal behavior in vitro, and elucidate their transdermal mechanism. Methods
Ber-ZnO NPs were prepared via high-pressure homogenization, with the average particle size and polydispersity index (PDI) serving
as optimization parameters. The morphology and physicochemical properties of Ber-ZnO NPs were analyzed using transmission
electron microscopy (TEM), ultraviolet-visible spectroscopy (UV-Vis), Fourier transform infrared spectroscopy (FTIR), and X-ray
diffraction (XRD). Transdermal properties of Ber-ZnO NPs were evaluated using Franz diffusion cells, while scanning electron
microscopy was employed to investigate the transdermal mechanism. Results The Ber-ZnO nanoparticles exhibited an average
particle size of (219.75 £ 0.89) nm, a polydispersity index (PDI) of 0.21 £ 0.02, and a { potential of (15.96 £ 1.63) mV. TEM analysis
revealed the quasi-spherical nanocluster-like structure of Ber-ZnO NPs. Spectroscopic analyses, including UV-Vis and FTIR, suggested
successful berberine immobilization on the ZnO surface through hydrogen bonding. XRD results indicated a notable reduction in the
crystallinity of Ber-ZnO NPs, indicating a robust interaction between berberine and ZnO. In vitro studies demonstrated that the

cumulative penetration of Ber-ZnO NPs reached (1 431.98 £298.31) ug/cm? within 24 h, representing a 6.6-fold increase compared to
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berberine solution, with skin retention being 2.6 times higher than that of berberine solution. Scanning electron microscopy (SEM)

images illustrated the significant alteration of the stratum corneum structure by Ber-ZnO NPs, leading to enhanced drug penetration.

Conclusion Ber-ZnO NPs, synthesized via high-pressure homogenization, exhibit small particle size and excellent dispersibility,

significantly enhancing the transdermal delivery of berberine in vitro, thereby offering a novel approach for developing a berberine

transdermal delivery system.

Key words: berberine; nanoparticles; transdermal delivery; penetration enhancing mechanism; zinc oxide; transdermal delivery in

Vitro
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FREHON 101 I, QKR SRR i/ o BRIHR L
NBERHAT ZnO RN 11 1.
*1 EEEFI ZnO FEREBELER (X+s,n=3)
Table 1 Investigation on different mass ratios of berberine
and ZnO (Xt s,n=3)

/NEERR-ZnO SRR /nm PDI
4:1 279.88+23.28 0.19+0.14
2:1 231.05+8.10 0.22+0.03
1:1 217.49+4.81 0.20%0.07
1:2 261.83£20.35 0.21+0.04

232 AFEPIFUE %S AE/NEEDR 480 mg. ZnO
480 mg. 60 mL ZE1H/K . HBRIRECH 10 IR
SN [E A 7% Ber-ZnO NPs “F-#1ki 4241 PDI
VRS . FHER 2 IR, FEXT K 7179 60.0. 80.0 MPa
(600 800bar) I}, Ber-ZnO NPs [V EJRif2HE ks
FEJF IS 75 100.0 MPa (1000 bar) P HRi42HE
/N, RifEHES—, PDI f/bh. 4501, REIYJHR
J& /774 100.0 MPa.
233 ANFEERIREFELE  DEEL 480 mg, ZnO
480 mg, 60 mL Z&1E/K . 15 & 47 100.0 MPa (1000
bar) 5 N B EA RGBT Ber-ZnO NPs ~F-1
KiAZ 1 PDI (15200 . HHEE 3 A A1, Ber-ZnO NPs T
PIRAT BE A IR PR BRI T8N o AR RGN IR
0N 10 (RIS PDI £/, AKRLo BOE IS 5. 45
A5, SREIS BAEHIRECH 10 XK.
2.4 Ber-ZnO NPs HIs LA HF4EE
BT ER TP RGN, e &
#*2 FEMIRENEE (X+s,n=3)
Table 2 Investigation of different homogeneous pressures
(Xts,n=3)

¥ )5 )1/ MPa “EH5 844 /nm PDI
60.0 286.401+4.08 0.16%+0.05
80.0 262.46+2.81 0.17%0.10
100.0 226.041+6.98 0.15+0.14
120.0 231.54+8.46 0.2440.08

£33 ARBEHFIBEE (X+s,n=3)

Table 3 Investigation of different cycle times (X £s,n=3)

Ber-ZnO NPs H 1 T 2 264 N/ NEET AT ZnO i &=
M1 i1, YK SN 100.0 MPa (1000 bar),
JRAEFRIRECH 10 o AR T 26 % 3 b
i, BT TAKAE. R 4 WA, ATk
% (219.75+0.89) nm, PDI N 0.21£0.02, KH
BA RUFHE I

"4 WFIERIE (X+s,n=3)

Table 4 Prescription process validation (X +s,n=3)

Mk kiff/mm PDI | ik Fi4%/nm PDI
1 219.81 0.23 3 218.83 0.18

2 220.61  0.22 | “F{H 219.75£0.89 0.2140.02

B REL/ K k42 /mm PDI
6 252.42+8.25 0.24+0.02
8 243.05+3.81 0.23+0.02
10 23495+5.11 0.17£0.02
12 224.6746.41 0.18£0.01
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Fig.1 Appearance of Ber-ZnO NPs
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PDI {E°4 0.21£0.02. 1§ Ber-ZnO NPs [ ¢ Hf7
N (15.96+1.63) mV.
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Ber-ZnO NPs i T-78 A R B4R B2, B AR5

i lb l(l)O 1 OIOO 10 l()00
HifE/nm
2 Ber-ZnO NPs B9 12 5375 &
Fig. 2 Particle size distribution diagramof Ber-ZnO NPs
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Fig.3 TEM image of Ber-ZnO NPs
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Fig. 4 Results image of UV-Vis
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Fig.5 Results image of FTIR
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Fig. 6 Results image of XRD
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Fig. 7 Molecular docking results of berberine and ZnO
2.7 INERWEAEM G AR R FAEFER
2.7.1 W REAVARGECH] RS FREL 5 mg R/
BERRO IR 5, K E T 10 mL AR AR, HEFE
BREERBREL, HISEREKREN 500
ug/mL [ 35 BR /N BEROT L i VA TR
272 HEERERGECH] RS 0.5 mL Ber-
ZnO NPs, BT 25mL &=, INFEAE,
75 5 min i R E R B2, 1EREHE IR
273 EIEKM AIEHA nertsil® ODS-3 # (250
mmX4.6mm, 5um); JsNHINZHE-0.05 mol/L fi
g &5 (0.5% =%, WBERAZE pHE 3) (34 :
66), SEEYEL, AP 345 nm, Al 30 C, #
FEEE 20 uL; AV 1.0 mL/min.
274 LMEXRRFE FHEB “2.7.17 DUFXHE
mnfif SO, AR 25 mL IR, N HEEE
BRNZI L, F¥ AL R R A [R5 &R B X

TR ST, 43BN 16.004 8.00. 4.00. 2.00. 1.00.
0.50~ 0.10 ug/mL. %[ “2.7.2” i N1 &3 T
WE, 3l s & WEAH R U T AR, DAAS 3] () i i
FRE AR (Y, DUREIRE R ALSR (X0,
TR R TFE Y=26 536 X—3 073.8, 5% 2%
R*=0.999 3, 45 BEZIALE 0.10~16.00 pg/mL [1))ii &
WREEX [A]PY, /INBEGRT) ot 23R 5 5 o il e i A7 2 1)
TEAE B35 LR EAR oo
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PRI B B 2 R SR IO R, IR “2.7.27
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Fig.8 HPLC chromatograms of blank control solution
(A), berberine reference substance solution (B), Ber-ZnO

NPs sample solution (C)

2.7.6 KEERELREE  OREEWE “2.7.17 WU XS HE g
W 1 mL, ¥B%E 25 mL &d, HWEEET
ERBHIEL, FABECHIE. K3 DAFER
EIRFEIEIR, TR/ 12.00, 2.00. 0.25
pg/mL, %M “2.7.37 DUR g &IF, HLE 6 ik
FESHT, ICSEANE IR N /NEERR R T AR, I
P T H 5 g AR & RSD {E 08 0.17%

0.68%- 1.46%, FIIZAUIHGHE RIT.

2.7.7 FamtEiRE B R R S E R
B, TE 0. 2. 4. 8. 120 24 h FHATHURE I E,
[F e AT s T AR, THR LA & RSD M
0.86%, ULHITEZIR T, ALl iAREErE 24 h IR
e

2.7.8 EEMERK I “2.7.27 Tt AR, 9950
e 6 g (it aa i, 43 0 5 /DN SRR UEg [T AR

THE IR T RSD A 0.96%, 45 F38 B4R
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WA RIFEENE.
2.7.9  NFEREICERRES A O 0 o R P 4t
WA RS BE I mL & T 10 mL &, #
B9 1, 836 4 U INAE 4 T-FF S 21 80%+100%-
120% 0 R S, ANEEE I 3 4, FIAE
H=HRGHEA 10min, SEHFREERZEL, I
RTPRE) . MR “2.7.37 WK (O3 SRk TR I,
0 /INBERR (P WE T AR, 4 T H B Lo 2R
RSD fH. /NEERRAR. "\ /55 3 /N & B B e [
W3 99.94%. 100.73%. 101.18%, RSD 4}
AN 0.54%. 0.26%- 0.11%, ¥/NT 5%, FFEME
2.8 Ber-ZnO NPs {f9NREIEMR
2.8.1 EIERRLIEIE R RALIEE B 2 I
B, WRARZETE, HMF AR JIRER )
VIS B SRR, FH Ot T Ave v A 3 2 /K 25 g D7
MR AR HR, BEALEET-80 CAERIRLT,
1 J& AR,
282 MRAME IR E KA RAMRA
Franz V.Y BOhRG R E, IRANRTY RS ERE
PE, 225 E B% 1.53 em? {9 28 HOE AR5, oK
FIE “2.8.17 TN AE#% 110 BBZ [ e 7E 9 it 2 []
Bff R L3 R TR I it 30 7 T g A, )
HE ST RS, BEE NN 20%ZEE-PBS B0
FEOPHPIRAS, FREE 30 min. FRTHT)E, AT 1
mL BEEAVR, TR, TR fot oI 20 mL
Bl . IR S 32 C, HFEE 350
t/min. IEXIFEESE, 01T 1. 2. 4. 6. 8. 10,
12, 24 h 3t 8 AN ] sSdE AT HURE, BRI AR A
I mL, HUFEfESZBPAN 78 R &5 i 2SO, BAZE
FRIWRE 25 A AR 2 20 R 0.22 pm fFLIEE S
J&, L HPLC ¥E i /NEEmH, & &
29 RFBETE (Q,) BINE

258N ] S O TR AR A5

0. =(CV+Y = cvia
VRO B AR, Co FRBUREZ 48 n YR IS B0 h 24
PIRERIRIE, G oSS § URHURE U0 T 25 0 ) R ik
FE, Vi REUREIRTR, A4 A 3 BUmiAR

SR E 9 Fow, /NBERAE 24 h BRE T EIA
3] (215.58+75.29) pg/em?, i Ber-ZnO NPs 7 24 h
FRUES EIRF] (1431.984298.31) pg/em?, ZjE
/NBEGRAE 24 h REUE L& 6.6 i, KB Ber-ZnO
NPs A% 5 25 5 = /N BEDRU) 325 B WSO e

2.0 1
—a— Ber-ZnO NPs
—— R,
1.5 1
&
=)
£ 1.0 4
2 .
S
0.5 1
0 , M :
0 5 10 15 20 25

t/h
9 /NEEFHFN Ber-ZnO NPs B Q. (X +s,n=3)
Fig.9 Q. of berberine and Ber-ZnO NPs (X + s, n=3)

210 EEGTHEBE (00

SIS, HUR R, A B ERhK e Bk
KI5, BT 42585y, BI#E, i 1mL HEE,
#E 7 60 min, 13000 r/min &0 (B.00F4% 16.0 cm)
15min, HU_E3SWH 0.22 um AL IERERE, HPLC
VR 5E /INBERRR (1) 7 5 25 SRR I, /NBERRAN Ber-ZnO
NPs [f] Os 735N (43.7442.65). (111.75+50.21)
pg/cm?,
2.11 SEM WEA[EA IR KR A

208 “2.8.17 TR il s pnif e B R e, 8
1 em? K/NEERR, AR NAEBRER KRR /NEE
A Ber-ZnO NPs 7R, KSR M Franz 37
AP HobRRRE, 5T 2. 8. 24h 3L 3 MHfE]
RUBATHURE, BB /N BB SR B T 2.5% 1%
R E E, 2h J5 pH 7.0 [ PBS WUE Y 1%
HRERIBEG[E 5 2 h, FH pH 7.0 ) PBS WE G, JE4R
T, VAR T a4 2127, SEM 8245 P 10
Fime TEAS XA S, BRRIE TP,
KT BB RIRE A . AL T, NEERR AL A
(1)K BB R 3R THT HH B SR A1k o 28 /N BB v Ak B
G, RRERARGEH RN 2, SOEREE TR, il
UM TRI R o 25 Ab TR 1A] (K, R JOk 2 T 4
GUBETINGE, (AR 258 . Ber-ZnO NPs AbHEZH
B RRERTH AR T NI B A . 14 kR
PO SRR, REEIEERE R, RkE R
WEE, WMo XM ARE R, ERERET R

THAR 1) A I 2 I
3 Tig

AT el e B A I & Ber-ZnO NPs, Jf
X HERAE R  3 RERE KB ML HEAT T R SR
o IREEREIR, LS Ber-ZnONPs HA R
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10 ZAREILERIAF R RE SEM £ RE
Fig. 10 SEM result images of rat skin with different treatments

UFRORIAR A AN B, PRI R (219.75+
0.89) nm, PDI & 0.21+0.02, ¢ HAN (15.96+
1.63) mV. fE TEM F Ber-ZnO NPs N2 [F 44K
IR, B S () 4 S8 9K 5/ RFE . UV-Vis 43
H1 Ber-ZnO NPs {8 T /NFEGR I REAE R SO e, {HL
£ 422 nm 40 IR MR 56, 456 FTIR 45 5 3 547
em ! FREAPYEIR BN ITE R, RN/ N BERE o S
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Gy TR ME B kR AR D¢, 3 A ROV s % il

18, (Rt oEiEsl,
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NPs Xf KR4 R 5E0e 13— IbdE AL 1t

bb, EREEE TN EMEA, B Ber-
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