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Study on Enhancements of Low Frequency Ultrasound to Percutaneous Permeability of Rivastigmine
Hydrogen Tartrate
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ABSTRACT: OBJECTIVE To investigate the promoting effect of low frequency ultrasound on percutaneous penetration of
rivastigmine hydrogen tartrate. METHODS Through investigating the skin performance of mice, rats, miniature pig and
suckling pig, the suckling pig abdominal skin was used in percutaneous experiments. The percutaneous permeability of 2%
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rivastigmine tartrate solution was determined in one- chamber diffusion cell using 20 kHz ultrasoun. The effects of ultrasonic

intensity and exposure time on enhancement were evaluated. RESULTS When the ultrasonic exposure time of 3 min,

ultrasonic intensity was increased from 2 to 11 W-cm™2, the enhance rate increased to 84.79 times from 9.15 times. Ultrasonic

intensity of 2 W-cm™2, ultrasonic time increased from 3 to 30 min, the enhance rate increased from 9.15 to 42.85 times.
CONCLUSION Low frequency ultrasound can be effectively used to enhance transdermal delivery of rivastigmine hydrogen
tartrate. The increase of ultrasonic intensity or extension of ultrasonic time, can significantly enhance the penetration effect.
KEY WORDS: rivastigmine hydrogen tartrate; ultrasound; transdermal drug delivery; skin

Bl /R % B A AR N LR, Bl A
2w i, BUREEE . BT s R
FINENITORE . ZThEE. 1B S Thae. M RIThae.
FENERE S AN NAETE H BLRE ) A A &,
GRFENN. KENL R RK A, HR
AR LR LT — b s R P IR S I iz 43 M L ek
P Bl 400 1) ), R0 R e e b 4 ) P 2 R ELARR B TR
JOELTRG PR e e 8 00 DK o B o R K -, AT 253
B 7R PR g B B N T e . H R AR TR RE U AN
PG (1 7 EE R R P IR R A R R YT a0
RN 35.5%, BREERNR RN A L.
M5 . fERAE B I IEA RN, I R 8 A O
RAEFN 23.1%, RIERAERN 17.0% . & R4
24 n] DLSBE A JH 8 I RO A2 WA 18 T3 1 P A
A I 2GR e IR, BRARAN RN [ 4h
O RERITIG BT, RN g 5 2 FEAK
R A 20 B 7T 7 [ N 6 A S Sk v
25y, AR RIR R LEE AR FERT
(rivastigmine hydrogen tartrate, RHT)Z 7 252 . H
TREHRITERARSANETHAGY, ELBE
T R SR B AR S, AR AT S S R S U A
BIARIBE . I R P A e 255 1k 1
TR, BoRBZ T, O RIE R BN R
I3 T 2P RIKIEE N 73 T 25 A IR I I 28 B2 15 0E
(A AU, RT3 7 ) 05 R K T T AT
FER I, AR 20 kHz Bl A AT
RHT )28 BB 15 K5

SIS B W) R R ) 3% 0 28 Bz 15 7 i 9T 45 R I
HOGEMAR K. 8 WS BEIYA /N R
NS . NRRBE RS N IR ZE R, ANBLAE
JR A RV HERE 1) 48 J 25 25wt 58 T e ke, HL /D
RURE R IR A RLR AL, KB E B %
HARBK, A SCER R E KV R 251 JE W MR £E AL
Wk 9538 R A0S N R Bz R AL
FEARIRAE IR Zh Y, X e B R 1R 503 P R A
TEARD o R AHIE FEo0F FUAE B B IR 45 44 F1 RHT 4

* 456 ¢ Chin J Mod Appl Pharm, 2015 April, Vol.32 No.4

FBi@E R S/ KR /NS 7 AT LR A
FE ML EEAIL bR FUAE B JR 28 588 P 0 RHT 48 1%
BB, U RHT 2 4525 mT Re k.
1 XE5HH

TK-12A RL3%E B2 4 #5600 (g LA BB 57
i ]); Agilent 1100 5 RO (g 43 (38 E 22
e nml): AL204 HL3 R ( LR B -FER 2 A
#]); Eppendorf-Minispin 74 B .CoHL (78 [ AR
q]); #EFEA(EAT R, ZFET); JEM-1230
B4 3% 5 W83 (H A JEOL); Ultracut B &8 # 1) 7 LR
HiF| Reichert-Jung).

RHT(H{L M 25 Ik IR A, it
5579-06-004, & & : 99.9%); SPI-CHEM M
A AL HE55)(3€ [E Structure Probe Inc.); VY& ALHK(TE
Johnson Matthey Chemicals Ltd.); AR5 R4
Mral, mROARF Ny g 4t

UK =7t, &, #HE 1.5~2.0kg, BiMX
YeFEIE): SD K[, R E 200~220 g, Wil
KEESLIG AL, SIS ARG IE S : SCXK ()
2010-1-012]; ICR /MR[S, RFI&E 19~22 g, #iiL
KEESLIG S G, LIS R UE S : SCXK ()
2010-1-012]; EES/NRAE[S, AR 15 kg, Ll
Wi AEFHE AR AR, SERNYEKIES
SCXK(#)2010-0028].
2 HE
2.1 ESARBhA R R ) A

BNR S KR FUER/NDE BT, B
B 2E, FIBEMENK, FIEENHLN, %
T80 CokAar, &M
2.2 BJBRAE R 0EE G e AR L 4%

B AR S TE 2.5% 10 3 — B v i 5, FH pH
7.0 90.1 mol-L™" BAMRZ% MR VERE T 3 Wk, T 1%
1 VY AL BRI TR B FE A 1.5 hs A pH 7.0 1)
0.1 mol-L™" B IR L% MBS VR RE i 3 VK5 2R FEE Mt
K, PR E . IR RBIE, InFAE L,
], AT R ORI BE R XUl 50% &

PR E AR 2524 2015 46 4 5 32 B4 4



REV A gt , A, IR,
23 AR RIBIE R

HOA VR IR e ik B T AR 38 3K o v, ks
W L 5 7 38 B T B0 i A N = S 2 s 2 ]
RN AN 2%0f RHT WK, 8. #2=m
NSRBI R EZ A, HERAH. 1655
IKARFF(3720.5) ‘Co $HEHET LA 300 r-min~ (135
WE, T2, 4, 6, 8, 12, 24h B 1 mL $%
W, JFHAREREFAENEZR. R NEZR
12 000 r'min~" B0 10 min, B _EIHW 20 pL BERE,
HPLC MEZYEE. BN EMBER 0 % FX
T

i1
0,=CFV + z C XV,

i

X v oREESZ B, VORI,
Ci NE i YRR 22 P I 25 IR B . DABAT
T A RFB I B (Q) WAL AR, B[] (6) A AL bR A
K, BAmARBEML. XS ih L0 B
TR, SREALE, BEAZAYINAREBER
¥ J(ug-em >h™).
2.4 RHT Z#fr 7k Esr
241 &M KA Agilent 1100 R A%,
L Dikma Cig N 354 (4.6 mm X 150 mm, 5 um),
FEiR 40 °C, WBIHIA 2. 0E-0.05 mol L™ B fE &
@278, MK KA 214 nm, JEN
1.0 mL-min ", #EFEE 20 pL.
242 ZMEXRRFELR FERR—E &M RHT,
F s AR L1 R EE A 3, 30, 60, 120, 180, 240,
300 pg-mL ~" R FIKT IS, TR T IR (i 4
PEHEATINE , #ERE 20 pL, DLETIARAR ME(4) N
PALKR, WREE(C) AR IEAT [B1H, 19 ARHE RN 2R
243 FEEENFESE KERNRHT &&, H7
135 Bz 2 O AR, BCRk 3, 60, 180 ug'mL ™' 3 4

WEE, % “2.4.17 TN EREEM4NE. 50ER—
RN AGESE 3 d Wl RAT (1) H A ATH (A8 35
2.4.4  [EIWCERPFLE R ARICE AR ] A
ITiE S, T3S KRR, B 3, 60,
180 pg-mL ™' 3 MRS, % “2.4.17 TN il 51
M R P
245 FaEtREG 3, 60, 180 pgmL '3 A
WAL, ERCHIE 2, 4, 8, 12, 24 h HL
FE, ARIENE, ESUETAR, TSR X bR AR 22
25 HANRFNAELBE

TEIE Ry B b2 35 s A, [ e s
Wk, MWELEE, FHRKBAMES 4
Wb, HLERSR R T BE B8 5 R R T S mm. 7E3% 7 5K
56 FF 46 B RIS 7 80 P 19 5 4 R Bk 33k 4T S Ab
L, RHA 75%M S, SRR 0.5 min, [
B 1.5 min. MRAEVIESE, AT BAE R A
AR, Hoapde “2.37 TUR A iEAE. N S
B REBREBBEEREE, THEFEXNZYE
J %1% BB 15 50(ER):

ER=Jg/J;

Je NIEFHEEFE GRS BIEER, o N
AMEFEFE N AMRRSBIEEE.
3 #£R
3.1 ESHEBN(TEM)WL 5

K FH TEM WSS Fhsh it lE kA4S, 45 R %
TNy RPN R R A I R KN N>
FE>RKER>/INR . DNEMABNER LSS ANE
FEARABL. S5 LK 1.
3.2 RHT ##r ik
321 Bl % “24.07 WUREELE, K
R EHYT HPLC W& 7 1EREAT LS 500E, 45531
W25 TP B W B R Ry 5 3 204 BE AR 4T 4y
B, AT RERITH T, 4R LE 2.

Bl 1 R 4 B Rk i A e
A—MR; B-KR: C/ME; D-7L; E-AU.
Fig.1 TEM images of different animal skins

A-mouse; B—rat; C—miniature pig; D—sucking pig; E-human!”..
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Tab. 2 Influence of ultrasound intensities on permeation
parameters of RHT(n=4, X %)
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Fig. 3 Influence of ultrasound intensities on penetration
profile of 2% RHT
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on permeation parameters of RHT(n=4, x *s)

Influence of ultrasound with different working time
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Fig. 4 Influence of ultrasound with different working time
on penetration profile of 2% RHT
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