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Abstract: Objective To investigate the effect of needle length on microneedle penetration performance and therapeutic effect,
brucine dissolving microneedles (Bru-DMNs) with different lengths were fabricated. Methods Bru-DMNs with different needle
lengths (350, 450, 550, 650, 750, 850 um) were prepared by two-step centrifugation. The puncture performance of each needle-
length microneedle was evaluated by aluminum foil and rat skin puncture experiments. The solubility of each needle-length
microneedles was investigated by in vivo dissolution test; Skin HE staining was used to observe the penetration depth of each Bru-

DMNs into the skin. Skin barrier restoration experiment was conducted to evaluate the effect of needle length on cuticle. The
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transdermal properties of the microneedles with different needle lengths were investigated in vitro by Franz diffusion cell. The
therapeutic effect of each needle-length microneedles on rheumatoid arthritis (RA) was evaluated by in vivo pharmacodynamics.
Results Microneedle lengths of 350 and 850 um had poor puncture effect, while microneedle lengths of 450, 550, 650 and 750 pm
had better puncture performance, which could successfully penetrate into the skin to form microporous channels for successful
delivery of drugs. After penetrating into the skin, the drug could be dissolved quickly. The longer the microneedles, the faster the
dissolution. The longer the microneedles, the deeper the penetration of skin, the slower the closure of cuticle pores (4—6 h).
Microneedles with a length of 450 um was less effective in promoting osmosis, while a length of 550 um was more effective in
promoting osmosis. All needle lengths of microneedles could relieve and treat RA to varying degrees, and the ideal effect could be
achieved when the length reached 550 pm. Conclusion When the length of microneedles reaches 550 pm, all the properties are
good, and it has a significant pro-permeation effect and therapeutic effect.

Key words: brucine; dissolving microneedles; length of Bru-DMNs; transdermal delivery; rheumatoid arthritic; two-step

centrifugation; pharmacodynamics; pro-permeation
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EAHE e ARTRAE R CREEETE ) 4t [a] FE AR [F]
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101 BEEBIFREL PVP K30, CS A ARLE DR THl/k
W, Uik, S5 S ST, RINRE
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A-visual observation  B-OM (x 40) C-SEM (x 50) D-SEM (x 150)

E1 SDEFHRALAMEME (550 pm) BIFMRRES
Fig. 1 Characteristics of Bru-DMNs (550 wm)
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Fig. 2 Penetratlon ablllty Wlth dlfferent Iengths of DM Ns (OM, x 40)
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B3 ARESKMEABMEEERER (OM, X40)
Fig. 3 Dissolution of Bru-DMNs after their application onto rat skin in vivo at indicated time points (OM, X 40)
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EFRINIRFEZIN 337.3 um, FFLK/NZIA 96.7 pm;
550 pum K AE TR EEL) A 369.5 um, ALK/
2175 89.8 pm; 650 pm FHK AT FINIREEZ) 0 423.8
pm, FHFLA/NZIN 91.7 pm; 750 pm EHKAE SN
REEZN 462.1 pm, TFLK/NZIN 94.7 pm. &4t

A-450 pm RS RIVRIE B-550 wm kg R

K il 5 /R FLIR R/ NE I B 2 R, S RITR R
B 3G T 3G K
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S 1k 71 52 FLIE [ P 7 0 A A2 VT A R JEk
R EWRE PG Fe AR, TR T VRS X A 2
(R FAFREE 3% 2. 17T T 5193 Sl il 464K 450,
550, 650 750 pm MG MHERREr, 5 AERT
KR EBIEE I, 2 min FECR, THBCREE 0.
5. 30 min & 2. 4. 6 h WL & Wy W5 70 7 ok i B
T 0, KR R Jok G Co 175 e T e %of A o J2 D S0

RN 5 PR, BUN RS A W A

D

C-650 pm S RIKSE  D-750 pm 5 IR E

A-450 um Bru-DMNs penetration depth B-550 pm Bru-DMNSs penetration depth C-650 um Bru-DMNs
penetration depth  D-750 pm Bru-DMNss penetration depth

B4 FREKMSTREKEFRITER (X40)

Fig. 4 Depth into the skin (B-b, 40X) of Bru-DMNSs with different leng
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Fig. 5 Skin stratum corneum recovery after the action of Bru-DMN:s of different lengths
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450+ 550 pm SR AL FR KK BR S PR 1 A
B 2 h JE R TH R, 4 h G 15 BT 52 TH K,
B BRR A A O, 6 h J5 I OREAN R,
650~ 750 pm FHK AR Ab BRI KBRS ik R T € B
M2 h AR, 4 h JFREMER, 6 h JRBERSE
VR, AR A A R AR . FLIER
A I TRV T R Tk B B R IR R, i
FLIE P& 75 L TR A o AR WA B mT b, DA
b A PP AT 45 2 S o B DR RS e T, R
FRBEREIHAEIR TR (4~6h) AT LIVKE .
2.7 PRIMNEZ RKIBIE M SLIE

KH Franz #7850t % 22 A KR S0 E K1
RAELO-200, a3y % T BRI A R A B AR K
2.3 em?, FREAEFNT mL) WIEN 20% LB
AP EKAE MR, FIRE A BRI E N 2R
MR B DR I T I T (A
176.23 pg/ ) BT A ER AT B AR K R b3t —
EEN T, REREARARLEE, % REE
Tteh i St 2 18] A TZ 8 R 2D, FEIR
UE R TR A 280 B3 A 48 45 42 WSO P v T A ik
FH &[] 5 B i 25 T R 2l = 5 K 4 Bl B 1%
PBUSLIRA b, BG4 FEE E Y 300 v/min, FEICE
KR EREFTE 37 CHEIR. 25T & 04 10, 20,
30 min A1 1. 2. 4. 6. 8h HUFE 1 mL, &KEFEE
S RPN R [FAAR R B RSO . @ik HPLC
I AN R BT A 328 2 WSO A B R T BB P o 7k
B, AR AR E R AR RBER (0, I
PL Q. N ARKR, BFIE] () AR bRee ) 25 2
are Si ]

n-1
On=(CaVo+ Y, VYIS
i=1

On N n ANBURE SZGIH AT T RSB R (pg/emd),
Co AH n ANEURE SO 25 B BRBE (ug/mL), ¥
RECBAR (mL), Vo NEUFERBL (mL), S MZ5#ifit
NG REEE TR (em®), GO i G<n—1) ANIUEE S
BRI R 25 R B E (pg/mL)

TR A 1% e S ae g Ran il 6 B, Hif
4h, BEKMEFRFERRZY), WEHCEDBK, (2
BAER#GE; 6 h i, 450, 550, 650+ 750 pum 734t
o BB T BRGE L BRI Qs 7393009 126.75 149.44.

200 =

150

g

2, 100 =

<

A —@— H450 1kt
50 —- H550 fkt

—e— H650 Tkt
—¥— H750 fkt

| 1 1
0 2 4 6 8

6 AR RRBMEL (X£s,n=3)
Fig. 6 In vitro transdermal delivery profile of Bru-DMNs
with different lengths in rats skin (X +s,n=3)

148.49. 155.42 pg/em?. 8 h i, Qg3 141.21,
161.49. 159.41. 163.81 pug/em?. AJ W, A[EKEE
HAEANFERBIER, (BB RCORAE KN
MHGHN, 450 wm EFKMEHRB AR E 550, 650,
750 pm £HAIEF 2. FEFKCETE 550 pum 72 47 BAT
15 B R IB R

2.8 HABHFEER

2.8.1 RA KRRBB T MR O  R
(adjuvant-induced arthritis, AA) R 5751 A1
WFFEHT RA 2954 i H I o H F I sh P
B BRI AR FUE B AA K BRBEY 90 9T Bru-DMNs
Pt RA M. S ok 774, TR KR
A J5 e B NVEST CFA 0.1 mL 204, %R 4Lk R
FH IR R S R SRR A B ALK, 5 7 RPN a8
TPt

282 STHRAEY] K IER DN K R A AR Y
W PV (G THRAMRILD . AR RS
YR (HIRACN H450. H550. H650. H750 ikt
D). BARMEYL, Bk iEgl, s,
g 8 R ERUGEE 8 RITURSA 2N, &Er4HT K
A G A RTTNLRA S T 1 B e (B feT
FHETI 256 ng), FHVEZWA T MR R TR
FRABARALIL 0.6 ¢ (525 300 pg), L4424 22 do
283 —fRIGEOOUE KA ENE WHEEHKR
RERRTAMER G S 5. 104 15, 204 25, 30 K&
F ARE B AT AR B, R & .
FHRRISEB AT RS REF, BARINEA 5.
R % 2K R S LA AT R B R b, B
RSO, BRI R R E
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R, RGO R, E3hZhE, JCIET:.
BHRXBAFRERWE 7 Fras, WA KRBEE
ToKIEHR, HRENKER:; HR&SHRRIER S
R EIG KGNS, K267 e E A E T
P, B L 7 A AR BR AT B K i N S
2707 - U
S ol
& & H450 Tkt
¥ H550 fkl
-+ H650 ikt
® H750 Tkt
STy
& [HHEZ51)

R /g

o
D -
—_
o
—
W
N-
S
N
W
W
S

E7 KEMHRETWL (Xxs,n=8)

2.84 AA K EAEMPIKE AL T s an e
S REBRA G R ERE, fERNIEHE TR, TG
JAHE 5+ 104 154 20+ 25. 30 K4 A& 5% 2H KR
VPSRN ) N T TN WA i NS )L 1
BN B AT OREE — B

LB =S5 A R R (mm) — B RTA 2
R (mm)

X RRZH R R AE AN S0 fE v, R REERE LT
TR, HARMEKRIERE 2K, 28 7 KRR
Insi G 5 % R BB BN Re 7 B, EEER B .
GHWNRIT IR, SEMAE, WA 20 Ki,
SEF A A AR AL AFE R B SE (P<
0.01), (H&EKMEr A A LR 2R, 458 m
L1 PR,

Fig. 7 Body mass changes in rats (X £ s, n=28) 2.8.5 AA KRERRTTRESAGE  S4RRIEHE
Fx1 KREUMAKETK (Xts,n=8)
Table 1 Effect of Bru-DMNs on paw swelling in AA rats (X £ S,n=38)
. brili=v} JE I B /mm
ug ERPS 10K 15K 20K F2S KR %30 K

Xof R 0.14£0.05 0.3540.08 0.39£0.08 0.64%0.09 0.65+0.07 0.70%0.08
it 411£036™ 4794038  470+041™ 4524040 42840357  3.874£0.23"
H450 %l 256 3.641+0.23 4.3940.17 4.57+0.88 3.67+0.67 3.16£041%  2.65+0.41%
H550 sl 256 3.84+0.21 4.53£0.60 4.16£0.56 3.16+£0.18%  2.774£024% 2534037
H650 sl 256 3.97+0.34 4.92+0.54 4.37£0.62 3.02£047%  270£0.49% 2294040
H750 f%l 256 4.00£0.31 4.86+0.57 3.97+0.65 2.79+£027% 2334046  1.97+0.46"
T E 4634031 5974072  5.06+0.50"  4.41£028"  420%£029"  3.7940.38"
FH 254 300 4.09+0.27 5.11%0.24 4.5540.30 3.894+0.28 3.05+0.18%  22940.30%
EXIIRA LR "P<0.05 "P<0.01; SHBALLE: “P<0.05 "P<0.01, 2.3

*P<0.05 "P<0.01 vs normal group; P < 0.05 *P < 0.01 vs AA group, same as Table 2 and 3

JE 5 30 K, MEFBhKE, 2545 4R R R B
W, H 4% 2 BEHREREE, EDTA IS, LB
Ky A, JRRKE-RLL (HE) Bes, W
TR R AR AL .

SR B 8 Frn, HIRAVRIEYI T W E], =
P FRA K BROCHT 45 M IE 3, ST e b R R 7
FF, AR B S VBRI, RS,
R ZH ] LV AN R A L A% PRI IR i O A A I
BRI, WEWRM, SBAANE, A
M. BRI A R K RO IR AT I, &4
A 25 SRR R R R, R YELEIR
T S A SRS A R FE AR B g, ] AL
AR BT AT
2.8.6 iSRS E HAKRIEBEE 30 K

EMRTE, IEESIMKEUNEASE, BUH O . B
ity B ORI E BT, AR o 2T SR . )
RS

U 5% $6 ¥ = B 28 R B/

GERKE (R2), SEAMAMLIL, AREKRU
EHAZGHXT AA REGODME. FFAE. WlAE. B IS5
ARTCHR RO, TR S A AL A A B R
M (P<0.01), REAFIFEEEHIREE AA KR st
ISR
2.8.7 AA KR H 40 B AH G BR 2K ST I e
FHRRTIEREEE 30 RN E SR, mAeH:E
1 h, 3000 r/min &L (F0¥4F 13.0cm) 15 min,
W, 2591180 CHRMF 244 . KA ELISA
AR IK BRI H RF, 42 28 48 M 5 TNF-a IL-17
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H650 ikt H750 B

=10

B 259

El8 BEAARRIRKXTIHEYIS (X40)
Fig. 8 Macroscopically changes and HE staining of pathological sections of ankle joint in AA rats (x 40)

F*2 BHEXREFEH (Xts,n=8)
Table 2 Effect of Bru-DMNs on organ index in AArats (Xt S,n=28)
51 FH/ JR A+ K ¥ 4 IWigi=¢7) JHERE % it 4 %/ (SRiliziERV
He (mgg™) (mg-g™") (mgg™) (mg-g™") (mg-g™") (mg'g™)
ot 1R 1.5540.17 1.1240.20 29940.18  24.80+1.45 4.50+0.22 5.46+0.50
Y 3.0940.31" 2.04+£020"  3.08%0.10  26.82%2.05" 6.08+0.71"  5.86+0.44
HA450 ikt 256 3.36+0.39% 1.424037%  3.09£047  2620+2.24 5.94+0.69 5.79+0.42
H550 ikt 256 2.0940.19% 1.374£0.19%  3.02£020  25.58+1.94 5.48+0.21 5.48+0.21
H650 ikt 256 2.0940.20% 1.3340.20% 3212028  25.19%+2.39 5.32+0.44 5.65+20.25
H750 ikt 256 1.7240.22% 1.2240.25%  3.08+£0.19  25.78+1.45 4934037 5.66%0.65
7 A 2.96+0.18 1.75+0.21 3.14£042  27.02%2.10 5.86+0.52 6.02-0.45
RHEZ) 300 2.04+0.35% 1.2940.20%  3.204+0.26 26.32+1.61 5.7540.43 5.66+0.26

IL-6, HIRAMMLET IL-10 HIRIAKF, ik
A G UHFERF 1T . ELISA a4 inzk 3, S5t
TR b, AL KBRS HF RF. TNF-a. IL-6.

IL-17 7K IR (P<<0.01), IL-10 F7K A
BREE (P<0.01). SEIRIALLE, Sk 254.
FH 2 S5 BEAE — B FE T E RO RUMIE  RF.

TNF-o. IL-6. IL-17 FJ7K°F (P<<0.05. 0.01),
W IL-10 K (P<<0.01), =45 AMEHH AT
BEH, SHKMETAAHRTERE R .
PLEZEREH, AA KRAERAEE, KR
KF RF. RUEAIHAF TNF-a. IL-6. IL-17 /K°F
B, PriEguie R 1L-10 ZKFRAE, Bru-DMNs.

%3 AXRMES RF. TNF-o. IL-17. IL-10. IL-6 FO7KF (X£s,n=8)
Table 3 Effects of Bru-DMNs on serum cytokines in AArats (X*+S,n=28)

51 7l & /(mg-kg™) RF TNF-o/(pgmL™")  IL-6/(pgrmL™")  IL-17/(pgmL™") IL-10/(pg:mL")
Xof HE 112.184+69.91 47.48+8.37 33.07+4.55 21.80+3.44 112.1449.68
it 266.5340.87"  108.48+17.82"  98.41%15.54™  47.92+9.86™ 65.24+12.97"
H450 fT 256 218.65+25.34 86.5614.67%  7533+£10.83%  36.32+4.70* 76.32+8.47
HS550 fkt 256 175.36+29.88%  7235+10.43%  69.20£16.13%  31.11+6.09% 89.82417.22#
H650 Tt 256 187.94+100.03  84.52+9.83# 69.69£15.60%  36.29+6.43% 85.41£191%
H750 f%t 256 156.92+32.30%  74.63£12.91%  56.69+£10.55%  38.98+5.95% 93.94+8.99%
T EE 237.53424.04 108.51411.69 98.371+4.06 47.29+6.69 65.44+11.07
RHPE 254 300 193.38+26.17* 89.67+7.95% 71.41+14.34"  32.93+6.23% 96.07 +12.50*




* 3346 «

¢EH 20202568 £53% B UM Chinese Traditional and Herbal Drugs 2022 June Vol. 53 No. 11

FH M 259 BEWE AS[RIFE P HO PRI AA K R A RF
TNF-a. IL-6. IL-17 7K°F, Fh IL-10 7KF, M
AR AA KRIPRIERIE, ST AA KRE RITF
(O

3 Wie

SCERIRGE, TETLAIS L, AR RAE.
ik 27 s B AR 2SR 8 o (I 243 900 1 32 g PR WA b A o 2
PERR, I ey & () s 2 A ELVE R IR, PR,
EAT 25 FIBIE R E R AE BN, T
EE0T BARTE SR LB AT R . SR Al IS &R
FISEISERGT T 41K K % 5 Bru-DMNs I A8 & iR
I INPRS RTINS M. v T S C A
PR RESZ AR, PR (350 pm) B4 (850
pm) FIAVEREECZE, KN 450, 550, 650, 750
pm BPRIASCR A, HIN G RRIRTRIGRRAE E N,
BRI, IAMRERTR, WTRERTEN A, RN
FERTR , TR B 223508 4 ) 2 ik 28] 1 Ok [ J 948 7 A o

MR R R 284, R R )RR 75~150 um, 5%
SNERAIRZE, R FE 1~4mm FHELZE, ATH
W 4 FhKCRE T 25 mT DASRI AR Bz Bk £ Jo2 2 A i 32 3
FEZ o BT R R R HI 55 T IR,
EHIGVETS AR B IR, RN B JRIR BE /N Tt
FE, ABTE RCFLIE BR FE B R FE RS o 3 b ket ol
N B IR e T R A A L mT e aok b7 i Jik b e
EAEBUREE, 4 P B BRI\ B R S5 AN 23 %)
B I BOR AR, P AR A P A mT o i) s ik,
bEE B kBRI DI IR, FLIE BT S (4~6
h), BENERK, FLEAAEIE. [, KR R
K, (BB, FEHKEEAR] 550 pum A A7 R
A RIFHIRIBHR .

WP AR R aE RR Y], %K Bru-DMNs
BIRAPR M. & RA RIEREIER, A
[FIFE RIS AA KRG AR AFFE
FEHIE I AA KR E: AREEHIEE AA
K EBEPIRFRRE, SCRERCTHIURHARE: fE
AFFEE R AA KRS T R, A
AR ER; FR, 7] N RZEXGEE T RF
FAR R AP T TNF-a. IL-6. IL-17 LK,
AR MR T IL-10 R IEK ARG
RA BIZRERPL. HIRTT R SEKABIEL,
EHKBELE 550 um 7 A7 BV o] o8 B BEAR 17697 808 «

gi b, MR KEIAR] 550 pm A AR RIA R
TFHIERSCR . ARIBBOER BRI AR, BRI

DUET R TCE (oD B A R0S 25K
JEARSLIGHRT T #HK IR 5 Bru-DMNs FIATERE
FARTTRCRINI R AR, 2 BRI FUE A 2 1] {4 ]
R ARL, T SN 24N S A E, 7T
e SBERES, AR TP RGEMERET
FOEH K ST FRIMERE . RTT BRI R 3R S
AR R AR A R 2 A A S A
RS RIOREE o
FlAEAR PIAEEHFARELEF YR
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