32 Bk 2 4% 3t B I 7K 5% B IE B W 7R R &' S

RFA, AR, EA, SR, BRI, EHUR', FARA'T (1 pEEERE LT B 2 T 2
i bR BRI 50 T A S, LS 1000505 2. RRUR S 2k, 2 230012)

WE:BH H&XRAMLAERBEEEZWH, SHRM LR, FiE ARAHRANERET R, A8 A
BLIRA) 4B B IR AR AR AE AR B AR I R ), 9T 5 IR A 3 B AR AR AR KB AR I R s AN | 3k B AR M AR AR IR N 2 AT R M
B PL AR RN B R BORIEAL L B BOR AR &AL, KM AR I R A5 25 A8 s 56 A MR A A 25 ) = AL ) B X I L
NG R F 5 I AR E b AT AT AR B IR A RO B R o, SRR SR AR ARAE N A A £ 6 15 U R
BRBIR, 25 M 2 7 ik 5 % BN SE R, RSN E BRI S RN, 124 h Nidikik 5 & T 28 X0 75 4E 16 7] 3%
BAR A 5 IR A NEF) B BAF BRI L L AT AGTARE A R A BT AE M E B LR BRSO . BB R AR A
AR ARAE KB E A, B AR R, MBS R, BRI ARAEAT L 2 BRI AR A B3 B 2 0 435, 7T o A £ A A
it — TR L RAE,

KEWR ARMLARE; WA E -0 RShE K

doi:10. 11669/cpj. 2019. 10.008  FE4HE S R4  XEARER:A  XE4HS:1001 -2494(2019)10 - 0796 - 07

Preparation and Evaluation of Vardenafil Cross-linked Hydrogel Patch

ZHANG Yu-jia', TAN Hua-jin"*, JIANG Dong', SONG Hui', TAN Xiao-chuan', WANG Kai-kang', ZHENG
Wen-sheng] (1. Institute of Materia Medica, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing City
Key Laboratory of Drug Delivery Technology and Novel Formulation, Bejjing 100050, China; 2. Anhui University of Chinese Medicine,
Hefei 230012, China)

ABSTRACT: OBJECTIVE To prepare a vardenafil cross-linked hydrogel patch and evaluate its quality characteristics. METH-
ODS The vardenafil cross-linked hydrogel patch was prepared by using sodium polyacrylate as the basic matrix material and aluminum
hydroxide as the crosslinking agent, which was compared on transdermal permeation properties in viiro with vardenafil hydrochloride
cross-linked patch and vardenafil hydrochloride gel. Transdermal permeation properties and drug content were determined by transder-
mal diffusion cell and HPLC. Then adhesive force was evaluated by initial adhesion tester, adhesion tester and peel tester. Besides,
deformation resistance with moisture, heat and cold resistance, formability and skin irritation were also investigated. RESULTS The
vardenafil cross-linked hydrogel patch was a transparent and gelatinous solid with suitable viscidity. The method of content determina-
tion was validated in accordance with the requirements. The in vitro permeation rate of vardenafil cross-linked hydrogel patch fitted the
zero-order release realation, and its permeation rate was higher than rates of vardenafil hydrochloride cross-linked patch and vardenafil
hydrochloride gel in 24 h. And the cross-linked patch has better deformation resistance with moisture, heat and cold resistance, form-
ability and no skin irritation. CONCLUSION The vardenafil cross-linked hydrogel patch has good transdermal permeation properties
and vardenafil is more suitable for transdermal delivery system than vardenafil hydrochloride, which provides theoretical and practical
references for further research.

KEY WORDS: vardenafil; patch; quality evaluation; in vitro permeation experiment
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LA i 0 K-V LA A 3 5, DR S sk A R
YR I B Bk TS A A D AR R Sy A R R
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T 3 14 70 2L, — O 1 i o ) B 4, T 24 1R M
BOUTIZS M B 22, H = 025 W A W 0 L
%o 55 AR 500 AR LL , R JF i R8s B o 5 O iR
SENE T — b 0 25 e %, el A ROHE 5 1 i e
RIE , 1L 2 e JBE -, AT A S50 G JTF 1 G R0,
HLBE 5 8 25 A M g 0 2 45 25 TR B
AT i s Bk s e 8 BRI 4 23R 7 . AR SRR
Bl PR 22 S AR IR A 25 1 BRAL 1R i, 45 i B2
ISR 300 2y 245 7 i ) 0 B, LT A — b 52 Bk
T AR AR AR 7K B 375 B2 7]

1 (B SH
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BB S 6 TR A AL (b s A B A IR A
SX —5000AL) ;TP -6 IR fEi%E F i Ea (L (K 8
INEHCA PR T 5 m ROBAH 1% A (58 [ Waters 24
) ) 3 B 7R ( Mettler Toledo /A &), ME104E ) ; 0] %4
PEIN A CBF B 22 B AL L BOR A BR A A

R1 AFH MM
Tab.1 The solubility of drug substance

CZY = GY ) s R R A (55 i 2Bl AR A R
3w, CZY = 28) s L F R BRI UL (55 r SR T
FAT R 7], BLD - 200N) 5 £o e a0 4 (= PR i
KA S S, SHH = 150SD)
L2 #H

R AHARAE A (SRR R AW BE 2564 IR
Al sEh R AHUIRAE B (55 & KA E S 254 RA
A)) s ARHAREE C B ) 5 3R et AR AR X HR i ( Euro-
pean Pharmacopoeia Reference Standard ) ; NP — 700
(VISCOMATE ) ; Z 640 (USP) s i 41 1R ( [ 2546 1A
G A R 2 7)) s PVP-K90D (PLASDONE) 5 2
(AEstAb ) 5 BBE CAE 58 KURLRS 3K /s 524 BR 93 4
A w]) 5 JEIAE OE (ACROS ORGANICS) 5 3R 1LIAL R
80 ( ANPEL) ; % ( Aladin Industrial Corporation) ; H
M AE PP R R A R 5 1,2-P9 s ([ 2
MG A RA R s R (971P NF) R 2
400 ( EiEETRAL L)) sEERR A alif K . SD R
B[ b 5t 4 58 A1) A2 5256 3 Wy R A7 BR 24 ], SCXK
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2 HEEHER

2.1 EHHHEREE

2.1.1 AN BUCE AR HIRAE R R R IR R A
PRI ARAE B S Fh IR A b IR A %of B i o T 0
VAR L, SR LSRR ARl | R £
HRAE A SR ARHARAE B ¥ AR R B e A, R
i AR S XoF R SRR 25 BH 45 5 2R B [ 1 £
ARAE S E ) K A7 B R R AR s AR A AU AR
o1, {H 5 3 % BE S SRS S AP E— B 25 52

2.1.2 VEfRE S ARE 2015 AR RRCH E 2580 Tk
AT 45 JEURL 2 s A A, FREGE & A AR AR |
R RHASAE A AR R AR B SR BRI AR
Xof BRI 12 (25 £2) C I (K TR
B 20% L WEKVETR P IE OECBE) B, ARG 5 min 5
TR 30 55 WLEE 30 min PN VARG O, 4076 H AR
A UL RIS, BDALN 58 S . 45 R 25
fRPESE R 1,

Solvent Vardenafil Vardenafil hydrochloride A Vardenafil hydrochloride B The reference of vardenafil hydrochloride
Water Almost insoluble Soluble Slightly soluble Soluble
20% Ethanol Soluble Soluble Soluble Soluble
Methanol Soluble Soluble Soluble Soluble
Hexane Almost insoluble Almost insoluble Almost insoluble Almost insoluble
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TR Z i B R SR X AR AT A
2.1.4 DSC /M RAZERD PO i AR E 5%
AR AR AR AT DSC 43 BT, VA R 24 A5 1
JR2E 5t o PREGE 545 R 2 FHIA, 3%, DL HE
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AR AT — E 22 5, SR AR AR AR W] R A7 AE £
Fifr i Y, R R Y 1) H IR A A R AR X A
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2.2.1 Wb ER ARSI R A2
BhAh 2 BAR YRR, Zad KAy T 1, e B A
JZ AR Rl B R R AR 3 AR AR R 4y T B Ak R
NP-700 3¢ 557 S B A4 S G I 5 R A0 2 A1
FUH ¥ 3 3550 PVP-KOOD | R 7 B i TR & 28
F1,2-P9 S U 2% 1S 1 AR 3R 1L AL R -80 4
BRI L BR A A

FIF NP-700 Hrok d fl R JE S48 8 T e A AL
FRAE T 32 1 SN, 76 1 43 [|) 4 A2 288k, TE
2t FRIR 254 ) J 0 79 8 45 2 S A B 4 s S R 9
S B, T I G o e T R O R B
HLAE FL R RERE 5 2 s SR FH S ey 1,2-79 —
P55 T AL A A R 8 B AR 9B R, T il S B A T

70 90 110 130 150 170 190 210 230 250

T/C
1 #5495 DSC A7 B i
A — HFRAIBARAE AT B 5 B - ERARARIBARAE A C - ERRRARIOARAE B; D - &
HuARAL:
Fig.1 DSC Curves of samples
A — the reference of vardenafil hydrochloride; B — vardenafil hydrochloride A; C -
vardenafil hydrochloride B; D — vardenafil
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IS SR, 43 B 2R 10 L, HPLC K 43 A1 i
SEETERI(E 2) , ISR ECR/NT 3 000, fHIRAE
SRR S BB R KT 1.5,

2.3.4 ZMESERE #2327 WU g R R
SRR A 0. 22 pum FFLUE I U8, 70 B HERE 2 HT
L 3% 04 TET RR O 0 A AR, B UG O R AR AR
(pg - mL™")  iEFT Rk I 4047, [0 5 A ey =
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pg + mL ™ P IR S A AR SE AR

2.3.5 MMRSEER BhrERR, HitsiHZ
AR FAG VR L 301 SRR, (50 L 100 1 2R
R, T HPLC (U5 o IS I BR A 2 ng, 2 &
FRK 7 ng.

2.3.6 KEEESLK  HUPRUETE TR, LSRR 6 1K,
TS (5 T 0 1T B, 1550 04 1T B RSD 5 45 SR 3= 06 1
FURSD(n=6)H0.53% ALAHRE % B o

2.3.7 Rt BCHbS S, 48 T 0.1
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24 h RT3 K 20% 0T A= BRER K B2 Bk IR R

Vardenafil

1/ min
B2 fFE e R A i
A =T B - BEARIRBIERE S C— PR D -l
Fig.2 HPLC Chromatograms of sample

SrBEI AL 2. 0.20.0,100. 0 pg - mL™ (K
e RE Y IR S IR 5 3 38, UEAT HPLC R, 4
AHRBEDE 3 e R . 455, & o ARk
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2.4 TR UEEN
2.4.1 (RINBRCR R 2HERRE R IR E AT
Je WU AR T S ik, A B2 B B2 T IR G S 421, AR B
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A —solvent; B —transdermal test negative sample; C — reference substance; D - test sample
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TLFE2) I R R By 37 i A R B
7,24 b P 2 AR R I R 2 LA g 8l 2 05 X
I B Tk s 28 He e, P A gs e o 5 /NI g -
ABAEMEH (5. 785 pg « em ™+ h™') > EhER kMR
IEF B(3.231 pg + em ™« h™') > FRERAR MR ARG
FIA(2.233 pg - em ™ - b)) =~ ERER R MR AR
FI(1.914 pg « em ™ - h™') 53 I 25 S AR 68
L%y 3 by A5 R, X TR AR R S B
2y 28 B WA 1) T R B K 5 I B 11 B Tk A9
JZ , % S EG AR K At AR A B 5 3 3 K U
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2.4.2  JeRREERARYE W24 h ASNE KGRI IS Y
TR I , 38 22 I B T b I ), A R K g i
0, AR T, YRR, BT S mL B A2 mL
P P32 93, B8 75 30 min, #5428 4 000 1+ min ™' B0
15 min, B _F )2, F0.22 pm VR L% HPLC $EREAS
5 LW T R 2 v B 3% R B RS X
Qo =Vopo/A, T 25 Wy 16 K BBz Ik P9 19 3 4

200
—@- Vardenafil hydrochloride gel

—- Vardenafil patch

1507} —&— Vardenafil hydrochloride patch A

—¥— Vardenafil hydrochloride patch B

png-cm?

o/

0 5 10 s 20 25
t/'h
3 AR NEETRE & n=3,xxs
Fig.3 Transdermal absorption profile of vardenafil preparations

n vitro. n=3,x xs

R2 R H A EAE KR n=3
Tab. 2

Transdermal absorption characteristics of vardenafil

preparations in vitro. n =3

Sample Regression equation
Vardenafil hydrochloride gel Q=1.914: -4.306 0.985
Vardenafil patch Q =5.785t -15.137 0.976
Vardenafil Hydrochloride Patch A Q=2.233t-6.317 0.970
Vardenafil Hydrochloride Patch B Q=3.2311-9.227 0. 966
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(B 4) 5 B e BRI 70 W s e AR T

2.4.4 TR ICE ORARHIARIENG R 3 R E
T40 CE{ 2 CHEEAES, LIS B R 3645
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MG R RE 25 200 e Ik ETosk i 5 Wos
ARAE MG 7 AS E -

2.4.5 WUBME  HC6 R b ARAENG I E 37 °C A1
XIS 64% () FE R E R A P 30 min, O, 1
A [T e — B AR b, AR S K- T R ARk
170 60°, CE 24 b, Z5 R TC il g (5) 536
B A b I AR I 70 R A4 5 K
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A = DT Z U5 5 B — W 52 iG55

Fig.4  Vardenafil patch moisture absorption and deformation
resistance test results

A —test patch before moisture absorption; B — test patch after moisture absorption
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BS R R R
A~ SR SZ ARG 5 B — 286 I A 52 i 51
Fig.5 Vardenafil patch shape forming test

A —test patch before test; B —test patch after test
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Btk 5 m#Ak thER, 2 000 g FRARTEMGH FoR AR
JE 3 WK, E IR ACE 20 min, T E [ @ TR 4L, 7
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Fig. 6 The image of rabbit skin after administration
- 801 -

Chin Pharm J, 2019 May, Vol. 54 No. 10



TEA SIS W58 i A P R B, By AR NP-
700 5 FARIMAIK R, 22322 WK, B GE B, BHLAG
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