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JEZ R AL IR A Zeta W AE | 5 2 4 (PDI), 5+ TBF 89 &4 % (EE) 5 825 % (DL), KA K AMRI 5 RS H 5
¥, # b 47 TBF-HQD-SAN NPs 5 TBF /& 4} 25 . TBF 5 HQD-SAN 4 # i%.4- 4 (TBF-HQD-SAN PM) #9 35 R M fk £ %, E R
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Evaluation of transdermal absorption of self-assembled nanoparticles of Huangqin decoction loaded with
terbinafine
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ABSTRACT OBJECTIVE To investigate the effect of Huangqgin decoction (HQD) -based self-assembled nanoparticles (SAN)
co-loaded with terbinafine (TBF) (TBF-HQD-SAN NPs) on the transdermal absorption of TBF. METHODS High-speed
centrifugation combined with dialysis was used to separate HQD-SAN, and TBF-HQD-SAN NPs were obtained by loading TBF
using the ultrasound magnetic stirring method; the particle size distribution, Zeta potential and polydispersity index (PDI) of the
nanoparticle were characterized, and the encapsulation efficiency (EE) and drug loading (DL) of TBF were determined; using in
vitro and in vivo transdermal experiments, the differences in transdermal performance between TBF-HQD-SAN NPs and TBF raw
materials, as well as TBF and HQD-SAN physical mixture (TBF-HQD-SAN PM), were compared and analyzed. RESULTS TBF-
HQD-SAN NPs were spherical with a particle size of (177.60+2.57) nm, a PDI of 0.197 4+0.007 9, and a Zeta potential of
( —14.63+0.85) mV. The EE and DL of TBF were (99.49+0.71)% and (3.22%0.10)% , respectively. In vitro transdermal
experiments, compared with TBF raw materials, the steady-state permeation rate (J.) and skin retention of TBF-HQD-SAN NPs
increased by 3.34 times and 27.56 times, respectively (P<<
AESTIH T4 ARBI 4 TH44 H (No.20232BAB2161- 0.05) ; compared with TBF-HQD-SAN PM, its J. and skin
24) s TLVY 4 TAE(ERRZ R TR %7 B35 H (No.202510005) ; B2 A" retention were increased by 2.04 times and 7.44 times,
SRR - 52 U R BB A4S N A B R I H (No. #8 A #1572 (2024) respectively (P<<0.05). In
69°5)
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#BEEE B EAR0N ., WESE I B BE 2 2% . B-mail: 2.13 times and 2.06 times respectively compared to TBF raw

15870637696@126.com materials, and increased by 1.59 times and 1.65 times

vivo transdermal experiments
showed that, the area under the drug-time curve and the

maximum concentration of TBF-HQD-SAN NPs increased by

180+  China Pharmacy 2026 Vol. 37 No. 2 PEZG 2026 4F5 37 455 2 )



respectively compared to TBF-HQD-SAN PM (P<<0.05). CONCLUSIONS TBF-HQD-SAN NPs can significantly enhance the in

vitro and in vivo transdermal absorption efficiency and skin retention of TBF.
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SCIENTZ-18N/A BUV3 VR T-# LI A 7 77 8T 2 A Bk
B By A R\ 7 5 Zetasizer Pro B g0 Kk H 2 H
B [ I IR S AT BN ] 5 Vortex-Genie SI-T256 i i
R A28 F 35 & Scientific Industries 23 &) ; LC-20A % Al
LC-30AD # & %0 AH €4,38% (HPLC) AL 31 [ H 4 Shi-
madzu /> 7] ; Triple Quad™ 4500MD 4 & #H {115 - J57 135 B¢
FHAY .\ MultiQuant MD 3.0.3 %4k 4b B 2 S 0 1 5 [
AB SCIEX /A 7] ; ES225SM-DR (E ) B, 7RSIl [ B -1
Precisa 2> Fl ; BY-R20 U 2 3 ¥4 R 25 LI H b 50 7
BES7 2o A BR 2N 7] s HC-2517 1Y 3 3 5.0 WL [ 28
B LERL AU AT FR A ] 5 Tecnai G2 F30 BUig G i i
BB [ fF 22 FET/A ) 5 TP-6 3% Je 7 B {3 [ K e
KA PSR A FR A ] s HM525 NX B4 7R U1 FHLI [
5 [E Thermo Fisher Scientific 2\ &) ; FV3000 B #0445
IR AEWUL RS0 H H A Olympus A 7l

1.2 FEHmEIRXF

B P il o) AT IR O 7 M2 800 &H
B R (PP N ST ) KRR (P b 1L 4R) 30 [ VLS
AN Ky G /AN B2 A WL E- NN ER T S s
PR FAT 2T, B R I B B S R A )
Scutellaria baicalensis Georgi [T 1EH , AAT B ERAY
24 J& M) ) 2§ Paeonia lactiflora Pall. i) T HEAR , 5 H &
h G RN B ALY H 5L Glycyrrhiza uralensis Fisch. i+
JER AR FITAR 25 4 AR TN T 5, ARy B R 4 s v e
Ziziphus jujuba Mill. /)45 BCGAR 52 TBF X i i (465
20240501, 2l fF =98%) W4 H F XY 1 ROGAE YR A BR
/3 ) TBF JFUR 2 (4165 S68789, 4l ) =98% ) I { I iff
JE A= R A BR S 6 5 BRI I PO B b2 e d A7 FR A
a5 LI FTH B sl oK b alifeoK .

SPF 2 SD K 151 H, ik  fAE (180 £ 20) g, W H
3oy DUAR (FE 30 AR H AR BRAA | s 71 al e S oy
SCXK (5%)2024-0008, i K BRI LWL (25 £2)°C .
AHOCHR B 60% , 12 h AL 1 AR A PAEE TR im) 3%, A A
WOK o SEEERAE A EAE S B S A AR P A A K
4R B B 2ER R S e B R S bl (e H S
S NYLLSC20250219,

China Pharmacy 2026 Vol. 37 No. 2 - 181 -



2 FiEEHER
2.1 HQD-SANW#I & 5RIE
2.1.1 HQD-SAN (1%

2 2 M O SCHR R F v 15 0 &5 6 3B AT vk i A%
HQD-SAN: #i¢ i i 1 3:2: 20 2 FREUE A (94 5 8
KA RIS, A 10 f5 8K, BiE | h, gt ; 25

A 1 mL A 1 g4 25/ HQD $2BUA , LA 12 000 r/min
B0 30 min, B VE W, N2 BT LS (B 5 mL, 3t 54
mL) 1, Bl PR3 B 488 AN 300 mL /K Bk, F
25 °CLJ 200 r/min i #7130 min; B FE M4 R, DL
12 000 r/min Z5.0> 30 min, YW 2. FiRSEHT-20
PR A 2 K WA BT A A RE A B HQD-SAN, .
2R VR T MR 24 h A5 AR T, 25 H
2.1.2 Zeta LN KifR AR BRI E

HUHQD-SAN T #3id £, ik s (T3 50 W, 45
240 kHz) 730805 , R FH AR BE A S 5 . Zeta HL
{7 KAt 2243 Z B (polydispersity index, PDI) , 2 &
3. 45 H E R, HQD-SAN [y Zeta F {37}y ( —8.81 +
0.57)mV, ki % 2} (128.90 + 2.87) nm, PDI 24 0.288 2 +
0.020 0,
2.2 TBF-HQD-SAN NPs )4l & 5 R 4T
2.2.1 TBF-HQD-SAN NPs fiil &

%% K & SCHERM ) 45 TBF-HQD-SAN NPs: Fi Bt
22.4 mg HQD-SAN ¥ T-#) 115 mg TBF F 10 mL P4 Ak
WA 4 mL ZE4RK 875 (T3 50 W, 45 % 40 kHz) 30
min, ITA$E T HCE T8 S5 FEAs 1, LL 760 t/min$i$:
1.5 h, £ 5 0.8 m (1 i, B #5 TBF-HQD-SAN NPs
WU, R TR AT o
2.2.2  Zeta ML FifE PDI I E

Bt TBF-HQD-SAN NPs iff fF , Jill 28 18 K i B i , R
FH AN AL H 7 A 5 He Zeta HE A R4S PDI, E0 &
3. 45% %R, TBF-HQD-SAN NPs () Zeta i, fii Ky
(—14.63+0.85)mV, #i 12 H (177.60 + 2.57)nm, PDI
0.197 4 +0.007 9,
2.2.3 TEAWEL

I TBF-HQD-SAN NPs i& 5, /il & 48 /K i Be i, B
— TN E L LD AMT TS BT S S T R
TWETE IR, 455 7R, TBF-HQD-SAN NPs
BRIE B2 150~250 nm, 5 “2.2.2" 00 R RiAR I 5 45 J Sk
A, ERWE L,
2.2.4  FLEECH DL I E

K FH 8 98 B .00 7 1 . TBF-HQD-SAN NPs A {0, 35f
& (encapsulation efficiency, EE) fll DL, H{ 1 mL TBF-
HQD-SAN NPs % ¥ 2 5 mL 25 F I, i P st s 7 fi
FHERBZIE, 280.45 pm fLUEENER J5 , 17 HPLC i
FEA3HT, VE & TBE-HQD-SAN NPs 1 TBF i & (,) ; B
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ABSTHLT BB (BRR 4 0.5 pm)
1 TBF-HQD-SAN NPs BJiE S F R R E

-

375 53 L7 S AR PR (B RA 200 nm)

0.4 mL TBF-HQD-SAN NPs i& R INA 2852 T A ) #E i
B0 (0.5 mL, # 4 4> F 1 3 000 Da) 22, LA 8 000
r/min Z5.0> 10 min J5 , ¥ T 2T 100 L, i HEE 2
M B, 28 0.45 wm fUFLUE I YE L )5 , 47 HPLC HEAE 2
¥r, V£ 5 TBF-HQD-SAN NPs H1 ok £ £} /1Y) TBF & (W) ,
SCEHE A 3K, BE(%) = (W.—W.)/W.X100%; DL
(%) = (W.— W)/ W: X 100% ( W: > HQD-SAN 24 ¥ Rk
i) . HPLC a3 2514 : LA &% 3t Shim-pack GIS Cs(4.6
mm X 250 mm, 5 pm) A @3 DL (A)-0.1% B iR
W (B) R it s AHSEA 755 BE VR (0~60 min, 41%A) ; K
WP A 222 nm; A 40 °C5 Pt A 1 mL/min; $EFE
M5 ul, 453 o8, TBF-HQD-SAN NPs 1 TBF 1Y) EE
7(99.49+0.71)%,DL 4 (3.22£0.10)%(n=3) ,
2.3 KBEKEERT TBFEN T £¥2R
2.3.1  TBF X 8 i ik 28 0% T il

K %5 FRECTBFE % BB 5 5.07 mg, JH H BV AR 0T 2 25
T 25 mL Z8 5, T ) RS i vk B Ry 202.8 pg/mL 14
TBF X B A0, 4 °CIAER H o
2.3.2 GBS A

a3k 254 - DL Shim-pack Scepter Cis(2.1 mm X
100 mm, 3 pm) A @ RERE 5 L 0.19% F R /K VAR (A) - i
(B) i sh AHZEA 7456 BE eI (0~1.1 min, 5%B; 1.1~2.0
min, 5%B—95%B; 2.0~4.0 min, 95%B; 4.0~4.01 min,
95%B—5%B ;4.01~5.0 min, 5%B) ; i 4 & 0.3 mL/min;
FEIR A 40 °C; #EFERA 1 L,

JoT e S R Dy R 55 B IR 5 I S )
JE 5 B IR 5 L Ol 4.5 KV B IR IR EE Sl 550 °C 5 it
25 120 55 psi; Fl B INESUE J1 28 55 psis AT
J170 33 psis AR 1E B 22 S iy W AR i 3
21 (Q1,292.6 Da) & ¥ £ (Q3,141.0 Da) i B iy HeF%
P EA TR, F e v e R R e RIEARE T R
1 R 405914 65,2520 .10 V,
2.3.3 25 R RAE Sl R AR

B 1 H SD KRR, 285G B L 2 s 3 S R I, of
FHNEE B 25 3R, WU R R Bk, 37 BIE T — 20 °Cvk
FER VRIS H
2.3.4  FZRRFEMAGALBE

R R AUE TR IR URE  BGE 1K B IR AE
F 10 mL EP4EH, BYRE, A 5 mL U, B 7 (TR 50 W,
i #R 40 kHz) $2HX 10 min, DA 13 000 r/min 250> 10 min,

hEZG B 2026 4E55 37 45 2 11



UL uL BiE R, #52.3.27 W0 25 A 0047 WA €3 - £ K
B (LC-MS/MS) 437
235 LTIEMHELE

HUK FUZS R 50 mg 28 B2 JIR+TBF X B 4
Fe 25205 2 h S I B R 4 IR 2.3.47 0N Ty A3, 1
FEHR“2.3.27 BT 4% | ik SRR . S5 AR UK,
T JRAE S b TBE {5 82 I 1] 24 3.42 min, TBE |5 52
B IR PSR A ) T L RAF BB TR R R
PR, S5RUWLE 2,

10000, 202.6/141.0 Da (8% 10°)2926/141.0 Da "
& 8000 H6x10°
o> 6000 il B
w4 X 7
£ 1000 $4 1
; 2X10°
e 2000 o ha
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
LR BRI ] /min LR BRI ] /min
AZEH Bk B. 78 [ B2 IR+ TBF X e
710 120261410 Da [3.42
=6X10°
op .
m4X10
122X 10°
EE -

0
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

{1 /min
C. 22825 2 W 1A B TR

B2 ZRMEUEXTHRNEFREERE

2.3.6 LMEXRAEE

K% BRI 50 mg R BRZS 1R IR, 3 0 i A B f vk
2y 1.014 pg/mL Y TBE % B GHAWE 1.2.5.10.,20,40 .80,
160 pL FF 4 101.4 pg/mL i) TBF X B8 Sl AT 2
4.8 pL, i A B Al 2B 400 pL, 4% 17 42.3.47 35
T ITIEAC IR, B K R TBF A 5 28 o it Wk B2 AR YR R 2,535
5.07.12.675.25.35.50.7.101.4,202.8.,405.6 .507 .1 014,
2 028 ng/mL 4% /R “2.3.2" W N (3% | B3k S5 eI E
DL TBF W AR (Y) W YNARBR , B2 JRAE &t v %) TBF Jog vk
JFE (X)) i Ak s (R e P9 LR K, 23 30l 2.535~101.4
ng/mL F1>101.4~2 028 ng/mL i Fl ) #1728 1k [0l 19 .
45 R, TBF MIFRERZE 535100 Y=20 476X+76 894(R’
47 0.998 7)1 Y=16 896X+2X 10°(R* k1 0.996 4) , % H
TBF 7E 2.535~101.4 ng/mL F1>101.4~2 028 ng/mL i
PRI 2 O 2R R A
2.3.7 KEHE S

K% FREL 50 mg R BRZS 1R Bk, 20 e e o R PR
AU PR (2.535,25.35,101.4 507 ng/mL) )
TBF it i, AR 6 0 FF it TRl — R P il o, i iR
“2.3.47 N RN EE IEHEAT LC-MS/MS I . 4L 3
d [REBRAE , B3 AR A T AR I 8 T s B TR I
¢ F NI H EDRS 35 8 59 RSD, LS Bl 22 e 1 1 2L 52
W LU 2 MERA . 45 R R L TE R JRRE SR, H
W RSD B A KT 2.65%, H ] RSD A KT 3.47% , HEH
N 93.56%~102.34% (n=6) , £ 45 R4 AL ke b
IR T AR
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2.3.8  FEEU ISR

K AR EL 50 mg KRS Rk, 43 ) e il o T R
FMIG L i R (2.535.25.35,101.4 507 ng/mL) )
TBF BiE ke dh , BB S B RO 6 Oy FE il #i i 2.3.47
TR 7 P b B, I HEF T LC-MS/MS J3 47 Ji5 15 21 K8 1 Ay i
TR (A ) 5 AH R 53 B S5 44 T A . A9 2 it BRAIMIG
b B VR B (2.535.,25.35.101.4 507 ng/mL) ff¥) TBF
Xof B ST, 45 6 UK, A5 B I A e T AR (A4, ), TR B
ISR (%) = A41/40 X 100% . 259 7 , TBF 8Bl
FoN 94.65%~100.61% (n=6) , FIHLERATE A YIFE S
IIHTER
2.3.9 Rt

BRI 50 mg KR AS R Ik, 23 il Be il 2 2 F FR
FIMIG i B (2.535,.25.35,101.4 507 ng/mL) [
TBF FT# A il , BNV EE 3 0, #c IR 2.3.47 T R J5 i 4k
HELAE 4 °CFUCE 24 h R Hc IR“2.3.27 T F (4 | Bk 4%
PEHFEAT 4 Y KRR MEIN ST T R B e i VR . 45
RN, 5 FRAL = BB T TBF R E R
RSD 4351124 1.32% .4.42% .5.98% . 1.19% (n=3) , Z¢ W £
TG EIRE S BT EEK
2.4 TBF-HQD-SAN NPs B 4% Bz 5236
2.4.1  KRSRE R WS

BSD KR 6 H, 457 1 B e Z 8 R , 1 BB
BN 2GR, W A0 B8 I 7 BB T R R R K, BR 25 e
BREHZY AT KA , FE A BEER 7K S 2 g o 5 Bz ik [
SETEY oM L, A B2 1, A BER KPR RO, F5
A 350 t/min, PHUAE AR 1.77 em®, HE 0 SR T
15 mL, 32 °C/KIHJE ¥ . L 50 mg/mL TBF-HQD-SAN
NPs ., TBF 5 HQD-SAN ¥ BIVR A5 W) (17 #X “TBF-HQD-
SAN PM”) . TBF J5i#} 2 (AR 4 TBF 1 DL 4555 ) 1 mL fil
AL Z i (DAL AT AR 4040 S FAT 600 7E0.5.1,
2.4.6.8.12.24 hIsp 43 5 S0l P IBORE 1 mL, [ s R
F0 S I S A BRSO o AR S DL 13 000 r/min 5.0 10
min, B, FRIR“2.3.27 T @3 | i 54 dEAE 4y
B B BE L ()= c,+ D"V e,) /4, H, 0,
S5 n R IURERS ) B A 1 1 (ng/em”) , VARFAZIOR Y
RFL(15 mL) , e, N B BURE SR (ng/mL) , Vool
BRERF (1 mL) , ¢ 55 i HURE IS 9 422 IO T TBF
BT E (ng/mL) , 4 B4 BB BT (em”) o LA [H]
AR (X)) QAR bR (V) A TR [R5 -2 il (A4 h
B R W £ . A5 R R, BT AR R E AR 4 ok
Yisesopsaonns =8.980 8X+1.819 8(R*=0.987 6) , Vrnrropsaven=
4.393 8X+13.235 0 (R*=0.987 3) , Yrsesszs =2.689 5X+
9.433 2(R*=0.989 2) , HRH & Rl Ry R 25378 B il ——
[ug/(em’~h)]. 7 # 7] A1, TBF-HQD-SAN NPs 4 |
TBF-HQD-SAN PM #H . TBF J§UR} 25 40 TBF 4 J,, 73 51 N
8.980 8.,4.393 8.2.689 5 ug/(cm’*h) ., TBF-HQD-SAN
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PM £ #1l TBF-HQD-SAN NPs 4 TBF () J.. 4% TBF J5i K} 2
ZH 43 WIHE N 2 1.63 4351 3.34 /% , TBF-HQD-SAN NPs £
TBE 1Y J. % TBF-HQD-SAN PM £ 34 i & 2.04 f5 (P<
0.05), Z5HULIE 3,

300

—a— TBF-HQD-SAN NPs |
TBF-HQD-SAN PM 4
—e— TBF J5UkI 2441

)
)
=3
S

0 /(ng/em*

o
S

0

FF ] /h

B3 TBFHIIMER R L (x+5,n=6)

2.4.2  PRHME Ik BR 520

B “2.4.17 TR SEI 58 UG W B R M9 80 v B
PR 82 2% B ), R AR AR /K gk, AR K
53, BY T A ROW MRz R AR, T 10 mL #5008 5 RE
J& A 5 mL F RS 75 10 min, 4 13 000 r/min 5.0 10
min; B F 75 ¥ , TBE-HQD-SAN NPs 20 £ i Y B ¢
50 1% \TBF-HQD-SAN PM ZH # i JH Y WA B 5 4% ) 17
LC-MS/MS #F #4317 I 3158 Bz Bk iy B8 £, e K s B =
(mg/g) =44 TBF S i/ Bk it . 45 R WK, 24 h )5
TBF J5 B 2540 . TBF-HQD-SAN PM 4 . TBF-HQD-SAN
NPs 21 114 Bz Jokiis B3 4353024 (0.27 £ 0.16) . (1.00 +£0.33) |
(7.44 +1.67) mg/g; TBF-HQD-SAN PM #H il TBF-HQD-
SAN NPs 21 1) Bz Jik iy £8 148 TBF JFURE 24 40 35l 38 n =8
3.704%#127.56 4% , TBF-HQD-SAN NPs 4 14 & Jik i v
%8 TBF-HQD-SAN PM ZH 3411 % 7.44 1% (P<<0.05) ,
2.5 TBF-HQD-SAN NPs HJ7E44iE [ SL16

HUSD KB 144 H, 45 7 150 B HL-Z- B RR I, 6 FH
EHMBEEIE KK R TBF J5ik 2541 \ TBF-
HQD-SAN PM 41 . TBF-HQD-SAN NPs 41 , 4540 48 H
W AL 27 2 FH A 40 e 0 W 2 K BRURE 8 B BBk, X 50 mg/mL
TBF-HQD-SAN NPs( L\ & it 1) . TBF-HQD-SAN PM
(LB TR TT) (TBF JRok 25 (AR $iE 134 TBF-HQD-SAN
NPs fil TBF-HQD-SAN PM ) TBF /) DL 45, i {45 41
TBF SEPR2 25778 — 50 45 1 mL I ABEZA =5 AR 4
L 7E0.5.1.2.4.6.8.12.24 hIF &b E K6 H 50
F BB R B R, —20 °CIR-AE, % . #%1I8“2.3.47
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