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Preparation, Pharmacokinetics and Pharmacodynamics of Berberine Hydrochloride Microemulsion Gel Patch

GU Xuemei', WANG Jie'*, LU Zhiyang®, JIANG Xiaofan' , WANG Jianru', ZHAI Yaru' ((1. School of Pharmacy,
Nanjing University of Chinese Medicine Hanlin College, Taizhou 225300, China;2. School of Pharmacy, Jiangsu Food & Pharmaceuti-
cal Science College, Huaian 223003, China)

ABSTRACT: OBJECTIVE To prepare berberine hydrochloride microemulsion gel patch to improve the in vitro transdermal penetra-
tion and relative bioavailability in vivo. METHODS  Firstly, through the screening of microemulsion dressing materials, and using the
central point design response surface optimization method to optimize the microemulsion prescription, the best microemulsion prescription
was obtained. The morphology and particle size of microemulsion were investigated by laser particle size analyzer and transmission electron
microscope. Secondly, the matrix was selected for the gel paste, and then the optimal design of the gel paste was obtained by using the
star design response surface optimization method. Finally, the microemulsion was added to the gel paste to prepare the berberine hydro-
chloride microemulsion gel paste, and the prescription process was verified. Through the in vitro transdermal test of mice, by comparing
the permeation promoting effect of different concentrations of zzone, draw the cumulative permeation amount time curve of azone with dif-
ferent concentrations, and select the best amount of Azone. Finally, pharmacokinetic studies in rats and pharmacodynamic studies in mice
were conducted. RESULTS Berberine hydrochloride microemulsion gel paste was successfully prepared. The best formulation of micro-
emulsion was oil phase-emulsifier-co-emulsifier =0. 11: 0. 6: 0. 3. The morphology and particle size of microemulsion were investigated by
laser particle size analyzer and transmission electron microscope. The results showed that most microemulsion morphology was round, reg-
ular spherical, no aggregation, and the particle size was appropriate. The best prescription of gel paste NP700: glycerol-dihydroxyalumi-
num aminoacetate =2. 3:17. 5:0. 1 aluminum glycinate. The results of in vitro skin penetration test showed that azone with a mass fraction
of 3% had the best penetration promoting effect. Pharmacokinetics showed that berberine hydrochloride microemulsion gel patch could
prolong the action time in vivo. Preliminary pharmacodynamics shows that the drug can effectively improve the skin lesions, obviously in-
hibit the increase of inflammatory factors and improve the pathological tissue. CONCLUSION  Microemulsion combined with gel patches
can be used to prepare microemulsion gel patch with high drug loading and good therapeutic effect. The preparation of berberine hydro-
chloride microemulsion gel patch can effectively improve the bioavailability of berberine hydrochloride through percutaneous absorption.
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pharmacodynamics
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Tab.1 Factors and levels of berberine hydrochloride microe-
mulsion
Factors Levels
0il phase/% (A) 5 11.5 18
Km(B) 1 2 3
m(drug)/mg(C) 85 98 111
2.1.4  FreBA A 550 ] Design-
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Tab.2 Optimization results of star point design for berberine

hydrochloride microemulsion

No 0il phase Km m(drug) Drug loading capacity
) /% (A) (B) /mg(C) /mg - g~ (Y)
1 5 2 111 42.016 13
2 11.5 1 111 26. 958 06
3 5 1 98 39.703 23
4 11.5 3 85 25.816 13
5 11.5 2 98 126. 20 65
6 18 1 98 24.200 00
7 11.5 2 98 125.132°5
8 11.5 2 98 127.089 5
9 18 3 98 23.874 19
10 5 2 85 41. 693 55
11 18 2 85 20. 661 29
12 11.5 1 85 26. 848 39
13 5 3 98 28.625 81
14 18 2 111 24.974 19
15 11.5 3 111 25.170 97
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Fig. 1 Particle size diagram( A) and electron microscope of mi-

croemulsion( B) of berberine hydrochloride microemulsion
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Fig.2 The finished product diagram of berberine hydrochloride microemulsion gel paste gel matrix inspection
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Tab.3 Comprehensive sensory evaluation standard table of berberine hydrochloride microemulsion gel paste

Score 15 Points 10 Points 5 Points
Fluidity Easy to flow, good fluidity, not sticky Relatively easy to flow, fair fluidity, slightly sticky  Difficult to flow, poor fluidity, thick and heavy
Transparency High transparency, no particles and bubbles Relatively transparent, few particles and bubbles Opaque,, many particles and bubbles
Purity No separation more than 10 times No separation 6 to 10 times Separation below 5 times
Residue No residue Small amount of residue Large amount of residue

S TSI B, 78 0 ST
WA KRR B A 3 R 22 S 3
Vi NPT0O FHHEE(A) H 86 IR (B) L H il T i
(C) FEHEFT = H 2 AT R A
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P, B ZKOP BRI e b K AR A 4.

F4 ZRAOEMBYIBERENESRTRBER. ¢
Tab.4 Test results of starpoint design of berberine hydrochlo-

ride microemulsion gel paste. g

No. NP700(A) Dihydroxyaluminium aminoacetate(B) Glycerol(C)  Score

1 1.5 0.10 19.0 83
2 3.5 0.15 17.5 76
3 2.5 0.15 16.0 76
4 2.5 0.05 16.0 82
5 2.5 0.05 19.0 7
6 3.5 0.10 16.0 78
7 3.5 0.05 17.5 76
8 1.5 0.15 17.5 76
9 L5 0.10 16.0 84
10 2.5 0.10 17.5 9%
11 2.5 0.10 17.5 93
12 L.5 0.05 17.5 82
13 2.5 0.15 19.0 83
14 2.5 0.10 17.5 95
15 3.5 0.10 19.0 76
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Tab.5 Comparison of transdermal absorption of azone with different concentrations in vitro. n=3,x s

Content Regression equation 2 Qp/pg + cm -2 JJ/pg + em “2.p-!
Berberine hydrochloride gel paste Q=0.772 3t +1. 056 6 0.948 8 9.382 0 £0.069 20 0.772 3
0% Azone Q=1.204 8:+1.040 1 0.989 0 14.962 4 +1.073 2 1.204 8
1% Azone Q=1.5388:+0.892 1 0.990 4 19.902 0 £0.344 6 1.538 8
3% Azone Q=2.150 1z +0. 688 9 0.993 1 27.691 4 +0. 687 9 2.150 1
5% Azone Q=2.1119:+1.270 9 0.987 5 27.659 2 £0.408 9 2.1119
30 —m— Berberin hydrochloride microenuilsion gel patch(0% azone) “(72%7%?” o

—e— Berberin hydrochloride microemulsion gel patch(1% azone)

—A— Berberin hydrochloride microemulsion gel patch(3% azone)
25+ —w— Berberin hydrochloride microemulsion gel patch(5% azone)
—&— Berberin hydrochloride gel patch

ng-cm?

0/

T T T T 1
0 2 4 6 8 10 12
t/h

B3 STRREAWGRERENERSEE, n=3,xxs
Fig.3 Cumulative permeability amount of gel pastes containing

different concentrations of azone. n=3,x s

FAS S AL R SR N SEm ] TP LS R i
SPGB 5L B HN LRI BT ] BCIBE I I ) R
B IS B BRI B G, $hER N
BRI FRANS Bt W T A () e SUBR X R RN
BE e A T RN 2 5% ~3% > 1% > Jofie
B, B i 5% 3% R Y £k B/ N BE B Rl
SRR RBB E i IR, 255 7% B A IR e 4%
JitR 25 3% AN S R R /N BRE R 7L 35 I s ) 2

T E 2GR 2 2025 43 H 55 60 B4 5

R H B ILR PR 25 Py RO A2 S0
TR R 3 %0 U PO ER TR /1N BE TR 7L UG 0 114
ZoHL . i 6 mIAN, JE I FE A Se v R BUE AR
JIN B IR 7 R R/ N B T I L A I s #) T AT O B
PG T RRELRL, R 25 I R /)N BEfi o 7L e
W EA T E R o

®6 LRANEMMUIABRGEGBLHEINLER
Tab. 6 Fitting results of drug release model of berberine hydro-

chloride microemulsion gel paste

Model Equation 2
Zero-order equation Q=2.150 1t +0. 689 0 0.992 1
First-order equation (0=9103.84(1 —e~24) 0.988 1
Higuchi equation 0=7.8832:"2-4.1956 0.915 2
Ritger-Peppas equation 0 =2.265 910-9944 0.988 2
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6 —=— Berberin hydrochloride gel patch
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Fig. 4 Blood drug concentration diagram. n =6,x +s
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Tab.7 Pharmacokinetic parameters of berberine hydrochloride

gel paste and berberine hydrochloride microemulsion gel paste.

n=6,x%s

Berberine hydrochloride Berberine hydrochloride

Parameters
gel paste microemulsion gel paste

ty/h 4.56 +0.96 3.70 £0. 12
- 180 2 20
Pina 1g + mL ! 2.33+0.33 5.08 £0.26
AUCy./pg + h + mL~! 37.07 £3.41 123.41 +6. 17
AUCqipf b/ g = h » mL~! 34.46 +3.31 123.71 £6. 18
MRT().;nf_Ql,s/h 16.72 +0.96 21.01 £0. 13
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2.5.3  flidstr  ANRIARERE AAEHA
HL T RO 43 R B /)N B 4R 5 o, 245 21 DL 8
7o SERFU RS R AR/ BT 244 ot AH
LU IE 7 4 S BRI o =R R/ N EL
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A-BE1RKB-22 K5C-H3RD -4 KE-45 TP -6 K36 -7 K.
A-Day 1; B—Day2; C—Day3; D -Day4; E-Day 5; F - Day 6; G - Day 7.

5 PREFEEZRREELR

Fig. 5 Modeling process of specific dermatitis

Modeling

Day 1 7 8

Treat with drugs

10 12 14 16 18 20

|

2 mg-mL"' DNFB applied to the dorsal skin,
100 pLL per mouse, applied continuously for 7 days.

6 FERMEERDBRWLEAT ETEA

Administer 2 mg-mL" DNFB solution 100 pL
every two days for continuous stimulation.

Fig. 6 Schematic diagram of administration plan for mice with specific dermatitis

KR8 HRUEARDMRERELMEK, gn=571x%s

Tab.8 Mass changes of mice with specific dermatitis. g,n=5,x s

Group 7d 8d 10d 12d 14 d 16 d 18 d 20d
A 23.34 £1.13 23.83 £2.26 24.88 £1.61 26.46 £1.55 27.42 £2.07 28.43 £0.77 28.83 £1.03 29.44 +0.93
B 23.45 £1.51 23.64 £1.27 22.25+1.37 21.92 £1.51 21.48 £1.54 20.70 +1. 11 19.56 £1. 17 17.60 £1.57
C 24.75 £0.96 24.40 £0. 80 23.50 +1.24 21.58 £1.17 22.63 £0.68 24.07 £1.06 25.39 £1.06 27.97 £1.65
D 25.77 £1.79 25.16 £1.46 24.30 £1.55 22.45 £1.49 23.08 £1.07 24.28 +1.42 25.18 £2. 14 25.46 +2.07
E 24.42 £1.59 22.76 £1.75 21.55+1.40 20.78 £1.01 22.64 £1.04 25.07 +0.71 25.46 £0.47 26.42 +0. 10

TE:A - IR AL B - BB 5 C - o) R R N BE B A LB G 201 5 D — 150 5 R R /N UL BE RS A1 s £ — FRPEZG 3 ZER P
Note: A — normal group; B — model group; C - high-dose berberine hydrochloride microemulsion gel patch group; D — low-dose berberine hydrochloride microemulsion gel

patch group; E - dexamethasone positive group.

T HB B R B AUIRDL PP I3 T LR 25 ) , i) 7
PR B A5 D0 et AN WA, (373531 T 46 14 .16 (18
20 RN /IN R T H B MRAR B AR B R EA T 0y, R
OIRRUEDILE 9, LRI 4 TAT 73 LUK 15 ¥ B Jik B 45
RO PR

PROPEERILF 10 HF 51 Bz AR AL /)N 7R
AN, 285 VR0 7E A WT B TF, £E 5 18,20
TG A ks 2025 43 J15 60 5505

R AN VAR JBE (R R /N BE B I 7L 558 M s 26 S 527 i
WM ZEARARFLIF AL R0 E AT T B o D745 41/
BT R B IR A1 DL LA 8

ELISA K K¢ JIRZHL R R RAE 17K AEfie e —
UERZGUCH (55 20 ), BOT /ISR R Y BE IR 2R, ik
AR, AT 519, Fie IR ELISA 8GR & i 05 16 3R AT,
RS TL-6 14 TNF-o 155 8, 450U 9
- 503 -

Chin Pharm J, 2025 March, Vol. 60 No. 5



EQE?EZ%EES{‘grbmne hydrochloride microemulsion gel patch lzl 9 gﬁ%%% ’ I—a‘IE’MI%L’gE‘ ttﬁ ’ *ﬁﬂgﬂ E ,:J§ Hjigﬂ
U TL-6 \IL4 [ TNF-o 5 i 1 25 18 5 v IR R/

—v— Ligh-dose berberine hydrochloride microemulsion gel patch
BERRFL BRI G 2H 25 25 )i, m] W) A8 4 /s BB JEk 2

30~ —e— Powitive drug control group

o] YU IL-6  1L4  TNF-o 5 J5t 9 71 58 , T 86 7] 5% 26 40
R B

NERJR R B R AL AY 25 2550 14 K (P
‘— LR EIN T AN B TYUN v
" 2 MZ R RERE 2 24 h, A E U R IRk
B7 HmERNRERENEE, n=5,52s o e iy I
Fig. 7 Cﬁangesjsf boL(:y njaj in mice with atopic dermatitis. AP CHE) Qe e £ 52 BB T 005 B JIR 21 20
9 HEAE AL, 25 2R LA 10,

n=5,x*s

RO DRI R EBRITF AR R

Tab.9 Score standard table for skin lesions on the back of mice

Skin lesion condition 1 2 3 4
Macule Desquamation Mild pink erythema Dark red moderate erythema Deep red or fiery red erythema
Edema No edema Mildly visible edema Edema with edges raised compared to sur-  Edema with edges raised compared to
rounding skin surrounding skin and clear folds
Scale No scale Slightly scales Thin scales in patchy coverage Thick scale coverage
Desquamation No desquamation ~ Small area of desquamation <30% Moderate area of desquamation 30% —60% Large area of desquamation >60%

R0 DREIEIREFRIAIF DR, n=5,2%s

Tab. 10  Score of skin lesions on the back of mice. n=5,x £s

Group Dosage/g + kg ~! 14 days 16 days 18 days 20 days
Model - 13.8 +1.166 2 14.6 £0.491 5 12.8 +2.891 2 14.2+3.611 0
High-dose 1.75 13.7 £0.998 7 13.2+0.287 4 12.7+1.394 0 11.5+2.874 5
Low-dose 0.437 5 14.0 £0.894 4 14.2 +1.214 8 13.4 +2.897 4 12.7+1.771 8
Dexamethasone 3 13.9+1.3112 13.4+1.032 1 12.8 +0. 846 2 11.8+1.138 9

9

A - IER LB - BRI C - HBAERAAL s D — (IR R4 B - il

A —normal group; B —model group; C — dexamethasone group; D —low dose group; E — high dose group.

8 57 14.d 5B /D EEH K 0 L

Fig.8 The changes of skin on the back of mice in each group after 14 days of administration
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SIERHYIME, D P <0.05; SHIMLIARL, 2P <0.05,

DP <0.05, compared with the nomal group; 2)P <0. 05, compared with the model group.
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NRBEARA R A m A F-6(1L-6) A E N FAIL4) JE AR E F-a(INF-o) 2 ERME, n=5x%s

Fig. 9 Changes of the contents of IL-6, IL4 and TNF-a in mice skin tissues. n=5,x £s

10 /R BR A7 40 (HE) R €75 2 A S WE (% 10)

Low-dose grou;i

Fig. 10  Pathological observation of mouse skin by HE staining ( X 10)
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