AN

LT E B ER IS S R 2 R AR IERIEN
MRAl, AR, LG, vF AR FEMET (WA s o 2 R R SIS, BN S, B 310013)

HE BN AAGYIES AR GY AR RN FCRA R E RN A RN S RERR, Fik RAXRRAK
MRS S, H AT KB FRAL IR A TR TR A 1A] VA B AT 3 B A S 6 AR SME R SR 0 rh s SRR T K AR U 2 R
FURATTRAL 22 )G BRI SF M R TR AE ML 50 a0 A - AR AALE R R . R BAIRSGEXBRERE
T, ARG MR M E RS ERRREETIFRG(P<0.05) ,5E 0 2 E %542 (P <0.05) 48E 2R 5 AR
AeE G Ry B AT K E B £ AKX, EEA A L ~T N BHE 1 ~5 min 4FK 200 ~300 um 44 F, £ R 582545 24 h 49 F 4=
HEEIEI1.16~3.09 42, 5B 0442 0.20 ~2.50 h, RBEXAARN G F LR, % 300 pm A5 A TAL T B IEE po
(10.86 +0.80) pg + mL~"'F= AUC, , (108.10 £17.06) pg+h - mL™' 3 2 F K Fatsp,, (0.42 £0.03 ) pg - mL ™' F= AUC, ,
(7.46£0.98 Ypug + h - mL™' (P <0.05), kM0 14 (1, ) F B F B FHBA(P<0.05), p,. = AUC, 5 #1335 25.9 4 4=
14.5 45 Z5i8 TS MATTRA T Bk T B 348 ZBRE I I 22 K R 09 1R S5 e JE R U B0, R B A R R 3,
KB AT B S 2R M 5 B BURAR gk RAR & - v MAT /AT R 18] BT
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Evaluation of Penetration Promoting Effect of Solid Microneedle-Assisted Ketoprofen Patches Percutaneous

Drug Delivery

CHEN Pu, FANG Renhua, JIANG Changzhao, YE Jincui® , JJANG Xiumei " (1. Key Laboratory of Neuropsychiatric Drug
Research of Zhejiang Province , Institute of Materia Medica, Hangzhou Medical College, Hangzhou, 310013, China)

ABSTRACT: OBJECTIVE To investigate the penetration effect of solid microneedle in vivo and in vitro, the model drug ketoprofen
was administered in the form of a patch. METHODS Using a rat skin penetration test, the effects of microneedle length, pre-treat-
ment pressure, pre-treatment time, and types of needle on the penetration enhancement of ketoprofen in vitro were investigated. The
pharmacokinetic characteristics of ketoprofen patches applied to the back of rats after different microneedle treatments were investiga-
ted, as well as the effect of the ketoprofen patch on promoting permeability in vivo. RESULTS In wvitro, skin permeation tests
revealed that after microneedle pretreatment, the permeation rate and permeation volume of the patch were significantly increased
(P <0.05) and the permeation time lag was significantly shortened (P <0.05) after microneedle pretreatment, while the permeation
promotion effect was related to the pressure, time, microneedle length and type of microneedle pretreatment. After microneedle pre-
treatment of the skin (pressure; 1 —7 N, time: 1 —5 min, microneedle length: 200 pm — 300 wm), the cumulative permeation
amount of the experimental drug for 24 hours increased by 1. 16 —3. 09 times, and the permeation delay decreases by 0.20 —2. 50 h.

As the results of in vivo pharmacokinetic in rats, p,.. (10.86 +0.80) wg - mL™" and AUC, ,(108.10 = 17.06) pg - h - mL ™" after

0t
300 wm roller microneedle pretreatment of the skin, which were significantly greater than the control p,, (0.42 +0.03) pg + mL™'
and AUC,, (7.46 +0.98) ug - h - mL™' (P <0.05). p,, and AUC, , were increased by 25.9 times and 15 times.

CONCLUSION  Solid microneedle pretreatment of skin significantly improves in vitro penetration and in vivo skin absorption of keto-

profen patches through rat skin, with a more significant promotion effect in vivo penetration.

KEY WORDS: microneedle; ketoprofen; transdermal drug delivery; pharmacokinetics ; HPLC ; LC-QTOF/MS
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AR/ N ESD B 2 A0 B A1 50U T AR
o3 TN K A 245 ) o REIE 1 K IRV A I
EERST IR K H i R T 2 B R 2 2 il

i 3% 55 (ketoprofen, KP) i F 322l T2 i R A
BEPESCAY A VBT R R EAE A A SR
ARG N DR IR P PR o RSB HOR i
SR T LASR R 2 B CR (R R RS, IR
BOREE 2, W RE4e JL Ity (G N2 BB i (A5 24
PIREACE R 28 B K AT

ARSI A S BT D B IR Py A B T
i Bl KPR 1, PPAN R RS IR 2 B i A B
XA B BE IR NAME B ROR .

1 (UF5iKE

Franz i JZ 97 80t ( Logen /A ], FDC-6T %) | &
BB AR 35 A (Agilent 28 7], 1260 LC #1) , LC-QT-
OF/MS( Waters /7], Synapt G2-UPLC BXH) , HF
A3 Hr R (Mettler Toledo /2 &), XS205DU 1Y) , By 1+
FC ( Sartorius 25 7] , BSA224S ) | 58 4y Fi] vy HE 0
(BHEL-/ ], CP-8000 #Y) , FaL )25 T (KBHA ],
FS620 Al) , 7R 56 U434l ( Clinical Resolution Laborato-
vy 23 )) , EDEE R AT (GENOSYS 24 1)) | e e i &
3 (IKA A #], Vortex 3 %) | B .0 #1 ( Eppendof /3
iDL

KP It f (S50 % A i, 7 &4 0.36 mg -
em ™) KP i & 5 (HL45-:03908kov ) | M| W % 55 (it
5:127F0834 , Sigma A\ #] ) ; N (5. JA025530,
Merck 237 ) ; ZFR (165 : 12070463 | Tedia /3] ) 5

A - EPFERIRE s B - IRAC T EL

A —stamp type microneedles; B —roller type microneedles.

B Ko7 R e B AR E AU

Fig.1 Solid microneedles used in the experiment

W b B AT 04 KRR #e A 52 5A A0 O ) [ E T
Franz 380t 1, 3t 15 fG A0 0. 65 em”®, 8 KP i
AT RSN KB S0 . R A 4 mL iR
TR0 40% 5 2 1% ( polyethylene glycol , PEG)400-
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P (412 . 1837107623 , Merck 2N &) , 4lifb Ak 2, Wik
FAKER (200 ~ 250 g) T HB Rk o

2 EBAE
2.1 WRHE&F &

FRIUEERZG Fhe i, I AR &) R P R B
JERR NS 7 1R OB, WA 80 CHET A 8
VI (2515036 mg - em ™) %45, A4 7 I
TES W —MAEg oF BT R T IRIZAZU0
BRI E B Wi LR, L RS R 2120091007
2.2 EBREOR B AR S BN T R W E LA
i

FIH = OB (435 12 (HPLC) 0 5 Bz Jik 42 SO
KPR, A (35 L : Shim-Pack CLC-
C (6.0 mm x 150 mm,5 wm) , #EREHE 20 pL, Jizh
AH: I 1% VK S TR-/K =702 30, Jii#: 1.0 mL -
min "3 FEJR 37 C LRI K 1258 nm,

HR A 2020 4F R € rp [ 25 30 K, 4 0 B X &
JEVE RETE R ERG R ORE AR M AT T
BAIE
2.3 AT BB S GW R BE AR 8k

KRR 5 FH SR F Ik b 3t BIBR 1S 3B &
R B AR R, KR T IR 2 FE AR R K
Ve B AR T 45 F o SCI0 AR T A H
PR BRI A 2, S B A e L R JBk 3 T it o
— BT R T ) SRR , e A
Ik 14 7 BRIV B v RS B s O s
Ji RS2 (< 10) DLEL 1,

PR K (normal saline , NS) /04 B JiR 42O, 48 i
(32 £ 1)C i HE THEH N 500 v - min~' o FE5E 4,
6.8.10 12 F124 h HHHEE 0. 5 mL, J- ] b b 75 % B
CIEEE T/l S

2 4 2024 46 6 1155 59 B4 12 01




W 7 R B2 IR R i v KP i 3 IR S 1
AR A7 A RBBE R (Q, ,pg - em 7)),

0. = {4p, + 5.(0.50,) 1/0.65 AR

Horr,p, FR 5 n A TURE IS 8] 5 B2 IR B2 OB )
PPN ;p, N5 (i< n-1) AN EURER (] 5505 f7 2
WOR MR EE . LA Q, XF S [E] (2, ) VR, K BT 15 1l 4%
BRI AT PEAT R A, Fr 15 AL % 55 MR
(J,pg = em™ « bty RRAQT B ] N 24 905 ok PR
AU 5 5 B, B O IR B &R 5 X
i

W BB A B 7% ST 565 4 5 A 8 Bl e T Ak B P %o
PR SXT L, A TALIR] ¢ K555, DL P <0. 05 SHfELE
Giitr R E LS,

2.4 R FEE G E EARN T R LA

{0, 7% #4: . Agilent zorbax SB-Ci4 (2.1 mm x 150
mm,3.5 pm) o WA FHZHERN 0. 05%0 2 FR K 7
WHATHE R VEDL,0 ~4 min:30% ~90% ZJf§,4.0 ~
4.1 min;:90% ~30% 2. Ji§,4.1 ~6.0 min:30% )i,
R 30 C L iFkEE .S pl, fiE 0.4 ml - min "',

B A e 55 (ESL) 251U, 1E 2§ 173 #E %
PRI, B 404 LR 3. 6 KV, BF 4k FL FE R - 40
VORI 7.0V, B IR B 150 °C L, i
RIS EE : 350°C o Mg 55 S M i 4l U<, Wl <
AR AR, O AR 10 L b~ AR
KW 800 L - h™' iYL - 100 ~ 600 Hz,
AR 0. 2 s, % 1E i 2R FR o9 5 - F RN, S st
W IEARHED) BT BRI ME K : /2 =556. 277 1( +)
SR PR IRCES Ry =R I, KP [M+ H] * om/z =
255.10, N %7 ( internal standard, IS) M| B 3% 2%

KP

[M+H] " :m/z2=280. 11 2B &E . £0.02 ,

MLIEAE G 2T R, TE 4R 7 A 03 e 30 s, JiX
50 WL A 1.5 mL B0 H L IAS pl B AR T
(2 pg - mL™") 5100 wL £ 0. 1% BRI 2,
RHEIRA 1 min, 4 12 000 r + min ™' 2.0 10 min, B
BV S WL SRR

AR 2020 AF R [ 24 ) R, 430 xk
JERME R R BRSO TR RE R R AR
EVESEIEAT TR
2.5 PRATHIBYER S S AR o L

12 JUErE SD R B> 4 41, 23— A 2 st
FHALFRVE Jy % BELH L 55 — 4 300 wm 7R 58 R
YA, =410 200 wm A RGN SC g4, 55 Y
2470 200 wm ENEERIGHAET SR o A K RIS
F5 N [ 74 % 3 min, 9K J5 78 15 &b B3 407 850
KP W 2525 45 251 ik 4 mg - kg ™'

IBCIL IS 18] 2 < 45 255 (0 h) , 4524)5 0.25.0.5,
1.2.3.4.8.12.24 32 .48 F1 60 h, fi 2} 8] 4 45 2}
J& 24 ho R BUR ##IK IR, 45 IR 42 1L 400 L,
SYES MY 200 wL, —20 CyKARAE , FH AR (43
PUBRAT R AT I ] 3 ( LC-QTOR/MS) % 25 41K B
M KP e

3 GRS

301 B RkEENOR P BSR4 B AR 7 BT
311 BJEPE M2, 27 IR 5 e TS, R
WO KP WG 1 18 R 28 1 R e B 0RO K
Wi 144 KPRz R B2 SO RE S 4,24 b J5 BURE, &
0.22 wm JE ML U8 S5 HEAE, 45 5 DL 2, j Tk Bzl
O KP ARSI TG T3, A6 0 % Jd vk R A

T

0 i 2 3 4 5 6 7
t/h
A — % 25 (KP) B RECR B — 45 1 B RO

A - KP skin receiving solution; B —blank skin receiving solution.

B2 ks KOO B T BURAE € i (HPLC) € 3% B
Fig.2 HPLC chromatogram of skin receiving solution

312 MESHE A 99.980 0 pug - mL7' Y
KP fiff 80, HIRTRIT 80 40% 5 £ 5 400-A= B 7K

T E 2528 2024 4 6 H 5 59 5 12 )

W (PEG-NS) # B 2 49. 940 0.24.970 0.12.480 0,
6.242 0 3.121 0.1.561 0.0.780 3.0.390 2.0.195 1.
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0.097 5.0.048 8.0.024 4 pg - mL ™" [ & F 45 e
W, ARG AT R (A) XL Bk BE (p ) A T4k
B, [ 7 B k. A = 47 989p — 450.22
(r=0.9999) ,FRUIZ I T B kWO KP 78
0.024 4 ~99.980 0 pg - mL ™" Ui A5 i B vk 3
KRR RY

SR AR M vk A 0 12007 15 1Y 2 RS A
B, 7 B4 0. 048 8 g - mL ™' (S/N >10) , A& R
$70.024 4 pg » mL™'(S/N>3),
3013 MEGREE AR A O KPR
P B2 JOR 5 328 S i v, e A S URE I [R5 B 0. 5 miL 422
WOt VR e VS Al it v

HEREI A A A T AR, IR ALt th 4
PRI IR By 4.20 pg - mL ™" FEAE IR VA TR
BN AGE 5 KP AR MEE W, FC 8 At 23 1)
H35.04 4.20 3.36 pg [ P KA R IRE
B RE S, DU AS AR TR 0 R [ Dy 97.02% ~
107.77% K%} 45 s 25 (RSD) JE 4 1. 72% ~
2.04% , R L UER B R 1T,
314 KEEEE BUHSNAR, DUE KP U iR,
FR 1 h HERE 6 YIS H PRS2 EE RSD 2 1.17% ;3%
SEHERE 3 d, BRI AESLI 6 YR ,3 d RSD AKUCH 1.02% |
1.27%F12.05% . A5REH 20T N2 E RIT.
3.5 RuErE LA T ER TR, 4
BF0.4.6.8.10.24 48 72 F196 h BUEE 0.5 mL, ik
FE S50 78 A5 B 8] £ FE i KP (9 04 1E AR, RSD 2
2.21% ,FasE M R4, R U % iR S 96 ho A
DA AR 127 1k ARSI K
3.2 WAHHEESERBRAKRSEER
3.2.1 fEMET)  FEWE LIARE ) b 2
X KP I R @y (R A0 B2 ik 3 1 5 . A EF R R
200 pmEPEERIGEFFESILLT 3.5 7 N AR ) fikd
FRAG U B R B B A Bz 3 min, o IR 2 R 22 et i Ak
M, BT IKRBEME K3, 4135 M7TNES
AEFREY KP 3235 3 2 3 ) 2 X B Y 1.75.2.15
2.65 F12.65 5,24 h RFBE & 73 HJE X R4
1.16 .1.45 1. 68 F1 1. 73 1%, B ¥ 45 5] b %) BE 20 45
50.88.0.82.1.14 1. 14 h, Hh 5 N7 N4z
R EZES (P >0.05) , 453 W, KP iy R
BB 55 R A T TR 38 B IR R T g
TR, A ik 5] 5 N BHE BRUR B T 5, %
FORIER B 200 wm B BB FAL BEX 25 ) 42
BRRKRBEREERZEEERN, REFES NK
JIRe i S8 42 28 3 e kA )2
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1407 —— Control

—e— 3 min, IN
1204 = A= 3min, 3N
<@+ 5 min, 5N
—@®— 5 min, 7N

100

80

60

40

Cumulative permeated amount/uig-cm™

20
0 5 10 15 20 25 30

t/h
B3 MATETAEENT KPR A6y 50k Bk 25 4 2 /7
BE-HE &, n=5x=s
Fig. 3 In vitro permeation curves of KP patches after pretreated

by microneedle with different pressures. n=5,x +s

3.2.2  fEHIBTIE B EAUE WA BRSO KP O
A RS B B ()5 o K5 KA 200 wm B E
BRI RES LA S N B e 07 A 3848 3 1 R B 5 4k Bz
Jo, A4 1.3 15 min, X BB 41 A 22 006 Ab B
B RB B ML UL E 4, 05 TALEE 1.3 A0
5 minff) KP 3235 #3850 il JE 0 BRZH Y 1. 60 1. 86 Fl
2.12 1% ,24 h B BRB S R 2% B 1. 40,
1. 68 FI 1. 74 f% , Wiy 43 F X B8 41 46 %4 0. 20 1. 36
F11.45 h, 2 3 min 4115 min 413% 4 B F 25
(P>0.05), 45 F%W, 2500 BB E & NBE
T R TCE TOUAL B R FER ] ) S8 0 T 3 i e
Wit 25 ) P 388 o 7 46 4, R 3 3 min 412 37 A5CSR T B
W TR R . BIUER TIAL B R JER A s R X 245 4
B IEAT 35, B S L) ) R R 2l 2y s
MIARFEREA O, BRI — A SRR, St A R R 5
JIFTR ) 308 6 PP P, B A B R A s 1] -
Rl , S L) B ok oot 1l 4 0t , L) 2 et )
W R K . A T A R IR P s ) 265 i ik
R , I i T B PR30 B A DR OG PR, 24008355 54080/ N
3.2.3  GEAKE BRI KX KP
RS K35 33 152 . 43 5K 200 F1 300 wm
K EE TR FEAIGET LA 5 N % F g A P 4% i K R
BB K 3 min, X BEZL R 2T AL BE . KL B
BN ILIE 5, % 200 F1300 wm fHHFiAb #1f KP
BRI LAY 3..09 F12.91 15,24 h B
FUB B R4y B X BRAL Y 2. 43 00 2. 33 £%, I o
e AT AR 4545 2. 15 F12. 50 h, 5528200 10,
Pl B VR AC T RE 10 e . 2 4 =5 KP RS2
B R RS 0 4 BT (P <0.05)  {H &
SCEGAH B T EEE R (P >0.05), 45 R KT,

Hh [ 220 5 2024 4F 6 H 5 59 5 12 )




200 pum < JBE A S0 BRUET A2 U 25 B MO BB IR A
JRJZ %k KP W A fe i R o

2509 —s— Control

—&— 1 min, 5N
weofyes 3 min, 5N
200 —&— 5min, 5N

150 4

100 -

Cumulative permeated amount/pig.cm™

0 5 10 15 20 25 30
1/h
B4 BT B TUALE R T KPR 8 8k &k 2540 2R
BE-E W&, n=5,x%s
Fig. 4 In vitro permeation curves of KP patches after pretreated

by microneedle in different durations. n=5,x +s

250 - —e— Control

--8--0.2 mm stamp-type microneedle
—&— (0.3 mm roller-type microneedle
200

150

100

Cumulative permeated amount/ug-cm>

0 5 10 15 20 25 30
t/h

BIS 7 EK A TAE T KP Ik i B 55 4 B
BE-HE &, n=5,xs
Fig. 5 In vitro permeation curves of KP after pretreated by dif-

ferent lengths of microneedle. n=5,x +s

3.2.4  TREFRRIS HEREN R AURIR R R SO
X KP W RS0 e B35 & 1 52 . BT AR Ry 200
pm (14 B2 AU T FNVR 58 B 40 Ak BRAS d i K
BB A B JER, FLAE B[R] 3 min, F T3k 5N, XHR
HARZMET b, KA RBEMLIE 6, ZE
T RUFVR B GIET Ab FR Y KP 35 35 5 2R 43 1] 2 Xof
Y 131 A1 151 45,24 h RPUE 3 543 il 2 ) i
2% 1.36 F1 1. 79 A%, isf s 43 ) X REZH 47 4 1. 23
156 h, S5XFHRZE A HE, 20 i0E 1040 B85 Ak i 2
PEERINS B R K BB B IR R R (P <
0.05) . RFCRIGLE AL BLAY 1235 R BB A
D E R T ENEE AT (P <0.05) , I3 2 25 /1
TENEA AL (P <0.05) . 45 SRR R AT
PEiE KP U 1A M5 5 500 B8 0 1 BN 2 A B kT

T E 2528 2024 4 6 H 5 59 5 12 )

X AT RE SR A TS T BRI YR SR 5 T B
B CEHS BE IR PR i B DAy S B M A A 5 A
5K, P EAEAR R B AE T 0 A0 PR ), 3 T2 R B
IR 2 BB B4

250
—¢— Control

-+ 0.2 mm stamp-type microneedle
200~  —&— 0.3 mm roller-type microneedle

150 1
100

504

Cumulative permeated amount/pg.cm™

T
0 5 10 15 20 25 30
t/h

B 6 R EBAHTALET KPR 8 8 ik 2540 2R
BFE- A&, n=5,x%s
Fig. 6 [n vitro permeation curves of KP patches after pretreated

by different kinds of microneedle. n=5,x s

3.3 PR E S A BRI 7 ik 69 2 S AR IR
3.3.1  LJEtE R UUHAE S AL BTk, FO] =
FISE ACAIT KP LIS ) kst i€ B Chn KP Al
IS) KAEdh ISR COOUM IS) o $2AR“2. 37 U Jr ik
PERERGI , 45 2R DL I 7, A D0 i 0 1o S A5 1F T
RE BT, FWZIT ik A R ek, = H
ML A A PRI 2 AN - HJ0RE A I 5E o

2.08 A 2.02 2.59
2.20
272 3.50
3.45
T T T T
.4 2 .
t/ min 1/ min
s-kp N
294 = 246
T T
T T T T
2 . 4 2 .
t/ min t/ min
s-kp IS
293 ¢ 246
3.55
2.14
2.03
T
T T T T
.4 2 X
t/ min 1/ min

B7 =ami(A) Airfd i (B) Aok & (C) oy 42
B T A
Fig.7 The extracted ion chromatograms of blank plasma (A) ,

spiked plasma (B), and sample plasma (C)
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3.3.2  bpEfER Bow i PR I KP A IR B
23 L, A3 0 T AR 2 T KP 5T o ok B2 Y [
1~1000 ng - mL™"(12.10,50 200 800 1 000 ng + mL™")
B IS AE i, #2277 TR Jy W A B 2. 17 3
TR M . B vE R A A — IR 2 REA Y
Br, 8 BT IRBEGHAT 5 FEAR T, B E =5 hr il
M2k, LAt KP(x,ng - mL™") Xf KP 5 1S {6
TR LEAE (y) AT AL (1/x) S /N 3 [ 15, SR H
Waters QuanLynx 315, 15 2] 1 3 i KP {9 b ok
HZ% K.y =0.003 177 2x +0.002 701,r =0.998 5,
SEE R 1 ng - mL™'  RSD <20% , Z55E36H, 4t
SERAIHT I 1 TR B R KPR AG 2R 7 B
I U vE, RS R AT
3.3.3  fRERMDSCR IO, AE 50 pL 25
i A—xg & KP il IS, $#%2. 37 1 Fi il 800,200
2 ng « mL™"JFEEHERE A KP BE & 1 b o ds il
(quality control,QC) # iy , B ML AL 6 14y, BV TR
PERESYHIT, A5 KP 55 1S 0 W A A4 ELAETC A b 55 B
25 A I 50 L, 72, 37 TR (i 2% AL PR, B FyEwom
AL QC FESAHIF R F1 M B2 1) KP N IS, AN FEAE
e 6 £y, AR KP 55 1S ma B (R A LB A8 a5 o5 LIAH
TP JBE 14 6T Rt R DAY ) TR R A 38 Y 0 T
FRHAE IO o, BRI BERE A 45 6 1o BREEIR
b 5 a [ HAE, SEBUN K a 55 ¢ I HAA

TR NS KP A b =AY
PEBUECRAE 89. 3% ~101.9% PN, RSD < 15% ,#54
TR, %7 W R IR S R R T A O AE
85.3% ~109.5% ,RSD <15% ,F448isR , Je R sk
NEXF IS KP [ oA 25 A A R
3.3.4  MEGREESONEEE TCH 800,200 F1 2 ng -
mL ™" QC & B BERERR 45 5 0y, BT Tk
FEOAT, A 3 d, Bl AT e bm o il 4, IR A i
B AR HETR AR R (B 15% 36 BN, A
@ RSD < 15%
3.3.5  RuEtE BB EIRBCE TR
Hi24 h o REE M. Bl il 800,200 12 ng - mL™' Y
QC FEf, B MR AL 45 4 03, B BV W = i E F
HERERE R O F1 24 b J5 EAE /3 #r, 3K b KP ) &5 i
RSD <15% , RANZMIAEAE AR IRTHCE 24 h NRE .

R MHAETHE T 3 ATR-AE A 5 RS et
Fit i 800,200 A1 2 ng » mL™" [ QC FE i, B4 I
FESRAS S Oy, 76 - 20 CHCEMTHZ D7 3 N R-RE
Jei , B3 WA A A, I3 R KP A 5  RSD <
15% , FEPHIZ MK AL 2 ORm 3 IR BEDR R o
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3.3.6  FEEATRERE BCSE RN 50 plL, HE
I Tl E Sk B RURE LA S iy, T s sk
M A i, AR i VR BE TE 2 ST OB TR B £ 1Y B
EE ERIE AT RO R A P2 IR LA ot Ak
PRI A I EVE GRS, DU SE I S-KP 5
i TR S O VER BEFIRS B B . R AR 15
R 4 A, sl B ARG 25 BE 20 ) 9. 4% 1 2. 9%
TEBCENREZ N ( <15% ) , FFE 20K, HATRBEAREL
B iR T A R R, i R iR
3.4 HHEHEESEFEARNSESER
075 25 R BRI 24 9 R ) 28 ) 28 A it £ DL T
8. FIHZG 88t Kinetica HEAT 88 704, LLAE DS
FRRITIET R pr Lo X AUC 52550122 24, T
PEATEHE] ¢ 65, DL P <0.05 NIE1ES 2% B &1k
ZSt. BHAFF SRS RIER 1, 205wk B
IR B po. FIAUC, , 5 8 35 K T X 4
(P<0.05),0.2 mm R5 4L 0.3 mm B4 4H 24
Pkt 8] 2 2 PR T X IRZH (P <0.05) , g5tk
W TR i Ak O B R K B8 W 3 2 9 KP W A i 22
BEmese, Horb 300 pom 7R 48 BUBUEH 2 3 ROR 1B 31
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Fig.8 Plasma concentration-time curve of rats after applying

KP patch assisted by different types of microneedle. n=3,x s
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Tab.1 Main pharmacokinetic parameters of rat groups. n=3,x £s

Parameters Control 0. 3 mm roller-type microneedle 0.2 mm roller-type microneedle 0.2 mm stamp-type microneedle
by’ D 8.00 +0. 00 0.50 £0.00 1.00 £0. 00 8.00 +0. 00
Pumax’ g+ mL 71 0.42 £0.03 10. 86 0. 80 6.16 £0.39 1.86 +0.59
t12/h 5.52 £0.36 5.36 +0.29 5.09 £0.75 5.08 +0. 64
AUCy_,/pg + h + mL~! 7.46 £0.98 108. 10 £17. 06 56. 60 +10. 26 29.65 +11.58
MRT/h 12.59 +£0.28 8.99 +0. 11 8.41+0.29 10. 82 £0.20
4 'LTJ' -‘[@ [47] YIY, SHINOMIYA K, KOBAYASHI R, et al. A novel super-
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