¢ $# Chinese Traditional and Herbal Drugs %5 51% 2 38§ 202052 A * 625

IEIR R Z B Z A MR BHIE RN RSB MR

BEBR, XAk, ¥, FEZ!, FEHnT

1. BMBEERERST O GERD LA GMER A7RHIRRZAF=SEIE, Wil &M 317000
2. WHLARER 245708, Wi A 310000

3. WHLHEEZRZ 2558, Wil Bl 311400

H E: BR HI&SPERERMEER (NT) AlEMer (DMNs-NT), F5 2 mb iR KA shE et fe. 5% X
PP B0 % DMNs-NT, H DAEH R SO DGR RS A Z R AR, ERmMRHRE R (CS) 5%
I BERR (PVPK30) RILLB. EEFES/KE. B EMEL; HPLC e ki, EECHBMEBIRM, 58
PE: KM Franz 3B % 5 HARSME fMERe . 455R 8 I 5008 32 % 420 € DMINs-NT il % s Ak 7 .28 CS 5 PVP K30
Eefsl 10 10 SEBRAPRL S KRG 5 0 4. IR 4R (CMC) NI EM K. DMNs-NT 414 2 DUk #EF, £ T,
KPELIN 500 pm, FHEHEAN (15.410.5) pg, WA TFAAE L, 3 MANREERE. BERKSEERER, 4h
J& DMNs-NT #1 NT [ RFUBIE R T 95.8%, 1M NT LT 8A &S LK, F B RIE e X NT & i ik B R 1
EHEER, BEAMEBERRBEMAN. 2 #14 DMNs-NT HUWERE L ZPELT, LBl T K0 T259 NT (35 i .
KB AR MR, ENRE SRAH RS FPE Ok

FEDHES: R283.6 XHAFRERD: A MEHS: 0253 - 2670(2020)03 - 0625 - 07

DOI: 10.7501/j.issn.0253-2670.2020.03.011

Preparation of neurotoxin loaded dissolving microneedles and its transdermal
penetration

XIA Ai-xiao', YAO Wen-dong?, CHEN Xiao-jie3, JIANG Zheng-li!, LI Fan-zhu?

1. Laboratory of Clinical Pharmacy, Taizhou Hospital of Zhejiang Province, Taizhou Enze Medical Center (Group) Pharmacy,
Taizhou 317000, China

2. Pharmacy of Zhejiang Provincial Hospital of TCM, Hangzhou 310000, China

3. College of Pharmaceutical Science, Zhejiang Chinese Medical University, Hangzhou 311400, China

Abstract: Objective To prepare Naja atra neurotoxin (NT) loaded dissolving microneedles (DMNs-NT), and investigate the
physicochemical properties and in vitro transdermal properties. Methods DMNs-NT was prepared by a two-step centrifugation
method. The ratio of CS and PVP K30, the water content of the matrix solution, and the backing layer material were optimized by the
indexes of formability and mechanical strength of the microneedles and flexibility of the backing layer. The drug loading content was
determined by HPLC, and the morphological characteristics were observed under an optical microscope, and the stability was also
examined. Franz diffusion cell was used to investigate its in vitro skin permeation characteristics. Results Through the single-factor
exploration, we confirmed that the optimal prescription technique for DMNs-NT preparation was a 1 © 1 ratio of CS and PVP k30, a
5 ‘4 ratio of matrix material and water, with CMC as the backing layer material. The DMNs-NT had a pyramidal shape with a smooth
surface and a length of approximately 500 um. The drug loading content of per tablet was (15.4 + 0.5) pug. The drug was located in
the upper part of the needle. DMNs-NT had good stability within 3 months. The results of in vitro skin permeation assay showed that
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the cumulative penetration of NT in DMNs-NT could reach 95.8% in 4 h, while NT solution barely penetrated the skin, which proved
that it had a good promoting effect on NT transdermal delivery. Conclusion In this study, DMNs-NT had good mechanical

properties and good skin penetration, which realized the transdermal drug delivery of macromolecular drugs.

Key words: Naja atra; neurotoxin; dissolving microneedles; transdermal drug delivery system; two-step centrifugation method
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221 k%M 3%y CNW Athena Cie-BIO
(150 mmX<4.6 mm, 5um); st A: 0.1% =% L
BEKIET, BN B: 0.1% =4 L LW B
FE¥EM: 0~10 min, 10%~27% B; 10~12 min,
27% B; 12~15 min, 27%~10% B; 15 min, 10% B;
PR R 0.9 mL/min; A K 200 nm; #EFER 20
ul; A 30 C. HEIREEHR =5 000, 43 & HE>15.
222 XIS ECH] RS EARI NT 0
2.02 mg, F pH 1N 7.4 KB Eh 220 (PBS)
Wi, #5F 4 10.0 mL 2+, A PBS JE%E 3 k&
2, MEZE, #A, R MESE iE
W RN 202.00 pg/mL).
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1 =Z=BMs (A NT X8 (B) 1 DMNs-NT (C) &Y
HPLC
Fig. 1 HPLC of blank microneedle (A), NT reference
substance (B), and DMNs-NT sample (C)
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HEMERLT.
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NS EE R AT
2.2.8 JNFEEIZFRTE B DMNs-NT 9 73l
i L 1) B 24 TR P A 50.00 png/mL AR i
s 43 BN [R5 =9k B 9 40.40. 50.50+ 60.60
ng/mL X R FATR, i 0.45 pm OBRFLIERE, 4%
“2.2.17 TR Al &I BRI . DLUHEL T
R P AE A B S R IR A 2 U SR Rl R . 25
RERG P & T IR INEE [R5
(99.844+1.07) %. (10040+1.42) %. (96.77 +
0.76) %, RSD 77N 1.07%. 1.41%. 0.79%, %%
SRR HINEE RS AT A TR R
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DATET (R BT WIS BE B 5 4 2 I R 01
RNERR, HKEFEE CS 5 PVP k30 LB, FEJ5R
W EKE SR ERM L.
2.3.1 CS 5 PVP K30 It Al A 7 B 7 2
JR CS HinA PVP K30 A LI & ] 4 DMNs-
NT FINLIRSRE, 181k CS 5 PVP K30 fALHACE .
4rlbL CS 5 PVPK30 ikt 1:0.5:1.3:1.2:
1. 3:2.1:1.2:3. 1:2, %M “21” J5i,
BRI KER LG 5 4, il DMNs-NT,
BT N MR, R A HF-50 SRR 7
THIE H AR () S ) W2 77D o 4 3
F 1R, LLCS 5 PVP K30 itk 11 1 451
DMNSs-NT J& /%P AU 8 FE S5 A -
2.3.2 JWKEMBIE 7E DMNs-NT il & 1 id 2
, FE R CS 5 PVP K30 M 3E 5l h i & &K,
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TNk 43 BRI AT/3 DMNS-NT FINLI RS,
F R TR S K B RIS EL . FEBTAT RS ok
BRG] (R 23y3:5.4:5.1:1.5:
4, 1% “2.1” Tijrik, CS 5 PVPK30 Attty 1:
1, #il% DMNs-NT, Wil FUWSHAIEN, JEx
HI HF-50 H e vl e FOHUmR . 45 3Rk 2
#1 FELH CS 5 PVP k30 SHMREEAIEM (X£s,
n=>5)

Table 1 Effect of different proportions of CS and PVP k30
on mechanical strength (X+s,n=5)

CS 5 PVP K30 IJLLH  HhriE /1N - B B 71N
1:0 0.025+0.003  0.320+0.011
5:1 0.051+0.002  0.35040.012
3:1 0.071+0.002  0.453+0.014
211 0.082+0.002  0.57240.021
3:2 0.108+0.001  0.68440.032
1:1 0.152+0.001  0.93540.042
2:3 0.182+0.001  0.73140.035
1:2 0.218+0.001  0.61240.041

PR, FEFA RS KRR ELE] 5 @ 4 I, FEBTE R
MITREH MG T, 73 DMNs-NT FRIALBR R B B -
233 WEMEHEMBIESE £ DMNS-NT i
frdRErh, LB FEM B DMNs-NT K42
SRS g 2RI N, R AR S0 2 SN [R)
RO R 2 FIZZBIVE R FE MR . 7353 EL PVP K30 500
mg. CS 800 mg. CMC 30 mg A&+ EZM kLS 1 mL
KIREIE), HAhZEAFHFIH] % DMNs-NT, 733l
Wk HF WM. R WA 2 Pros, BLCMC ek
HE T R R E R A

& 2 TEEEHIERM K5 ok S xR B A 20
(Xts,n=5)

Table 2 Effect of different proportions of matrix material
and water on mechanical strength (X = s, n =5)

SRS DK R DB TN B /N
3:5 0.11240.002  0.940+0.041
4:5 0.1324+0.001  1.17140.032
1:1 0.141+0.001  1.320£0.021
5:4 1.480£0.011

0.22140.001

PVP K30

B2 AREENEMRERIMENSIE
Fig. 2 Effect of different backing layer of material on pliability

2.3.4 TREMRISBRATTE % 111 MBI BIRR
Bl CS 5 PVP K30 % 500 mg Tkekreh, oA 5
mg/mL ) NT 7KV 0.8 mL, 7 /- iA il 3 3 ke384 .
W oA TE N BB, 754 CHAHT,
4000 r/min B> 10 min, B2 ICEE M1 H R
(18 2T, TN T8 T4 L h JEEUH 5 H
FREL 150 mg CMC, % 5 mL K& -1K, HidEis)
JEENTEEEL, AHF 264 B0 10 min, HUH A
A AR R S TN TR A, T 24
h EECH, HZ /NGB, RB143 DMNs-NT.

2.4 THETHUSRIE

241 TREMHLIRSREE  DARARALIIHI % T RS IR
“2.3.4” J5iL#4% DMNs K DMNs-NT, A HF-50
B AR H I A ) 5 ) 1 WL ) DA E B
MR . FT#3 DMNs 21 St a8 7 43 il
(0.20£0.01). (1.4740.09) N, 7fj DMNs-NT j-Jy

(0.204+0.01). (1.51+0.11) N, WH E R LR EM
(P>0.05).

242 THEFEZENE K DMNs-NT T 1 mL
FB ok, $2EL 10 min 5, LA 8 000 r/min B4,
5 min J5BU_EIEW0E 0.45 pm FLIERR, 1% “2.2.17
U s 2 e o 25, B35 7 DMNs-NT
&%) (154+05) pg.

243 TETEASFHE  HPril#H DMNs-NT BT
IEEGF RS PSR A EMER IR 45
BE 3 Fix, DMNs-NT &4k 2 DU, Fim
PR, KL 500 um, JEESEZIN 300 um,

HRC AT FE 2424 900 pm.

244 FREFMIAREME  KHIS R DMNS-NT 2 HilfE
20, 4 CRERFME TN 1. 20 3 M A,

Fi HPLC e Kol 2hs . 450wk 3 fiw, 1
FIFp AR T, ORAFI AR DMNS-NT 5 24 &bk
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1000pum

B3 EEBAXAFEMBENE DMNs-NT RIS (40X, A;
100X, B)

Fig. 3 DMNs-NT images in positive optical microscope
(40x, A; 100x, B)

#*3 DMNs-NT EREFHTHREM (X+s,n=5)
Table 3 Stability of DMNs-NT under different conditions
(X£s,n=5)

drpe NT R 5 255/%

11™H 2N H 3/™MH
20 C 100.4+1.6  994+12  99.1+14
4 C 1002+1.2  994+18  97.2+17
Wil 99.9420  989+15  948+19

o MAEAFZAT T ARAFAH R E], 7E-20 C2AF
T DMNs-NT & 2gim, NT &8N R
/e AIUL, DMNs-NT [fase P R iF H 3 & A g A7
ERIRIR R
2.5 TEHARINE BRIZIE LG

EUMENE Wistar KR, ip IREEEZ (50 mglkg),
R K BRURRER i » 2 /NS 6 2 30 26 K8 o B
P AR LR AR R E, DU, #250E
T RRN R, AR IR R K R IS VEE, FUE4t
T, BHYGHEAREES, IN-80 CUKFH. M,
M—80 CUKFEEUH ) EAVLE M Bk, N FT I,
B B2k, TRONZE B E KR 30 min JEfE

] Franz 4 5t 21 E I pH (BN 7.4 1)
PBS fENIEWGR, WA HE B E N 2 RIS
o 43 DMNs-NT B T Ab BT i B4 K B2
IR IR T, 1 min JE T BE R E
A3 AR P URAIE B R S R I o AR 5E RS R
JREBETF 8 mL U= L, BkARZES L, KA
U BN, PRIE R R A R SO AR S B2
TR AR A, [RIB S5— 4G T NT . [
JE U BEas RIS = e f 9 O B TR IR 1P b
% I, LL 600 r/min [5G A B2 R 19 i Fl
HEURNIEIR, RFFEETE 32 ClHiE. 75 TiE
2 0. 10, 20. 30min X 1. 2. 3. 4. 6. 8hJglk

£ 0.5 mL B2USGRAE R ST & B E , BURE IS K
R 78 25 B R e R U

W R BRSORRE S LA 0.45 pm T AL JE IR HEAT
JERT, 4% “2.2.17 WUR A MNE, SPSS 17 %
AR, 23 RRBE L . 45 R 4 fr
7, HT 20 min DMNs-NT H ) NT #¢/bi% id J ik,
BRUBIEZ N 12.1%, 1 1 h J5i5E R NT 112
FBERE KT 50%, 4 hJ5ik5] 90%LL . Ak
IR NT ¥ RAE BT AR AE S A i 2, #oA

HNT A ED k.
100+
I % LI ]
80-
8
%y 60+ —— DMNs-NT
=
5?; —=— NT W
e 40-
'_
zZ
20+
0 —-i =
0 2 4 6 8
t/h

4 DMNs-NT Bf2iZiEdh%k (n=6)
Fig. 4 In vitro penetration curve of DMNs-NT (n = 6)

3 it

ARSEEG B il DMNs i 8, % NT &EH 2K
RE R BB RS I Z BN H I . REMWE
B0y T DMNs-NT, H i flst4=k 5412 2
TR RS SR EEA MM EL N CS 5 PVP
K30, HAEHZY NT, H4llh CMC R, K
W0 B OB %% 7 DMNs-NT, FF#E4T 1 il
FRAIAAL . T S EVUMRHETY, £ 5% %
SN, HUBRGEE BT A0 7T 3R B AE T AR R
IBCEr, DUR HETE IR B8 B I i 285 SC, ffi2)
Wizt Be SR, BT NT HVE iR S AR BT .

DMNs = EAKEETE SC L IE B i I i & fd &t
SKEB A AE Bk A i, TR 25 NT R
o B, St Sk LA R OB S HUGE
FE LORAIEFE R MR N B R T ANAE T o Bt Sk 7 o
N Bz S B A Z B Rl A 77, T e
—/NEHTEMAR ). Fit, #iE CS 5 PVP
K30 fLbfl. FEBA RS K & L FX 2 > A
RO B, SO R ) ) T AR 2 i
71, WA&HE CS 5 PVP K30 LI 1 0 1, JEJR
MRS K ZERILBIN 5 ¢ 4. A2 B 1<
V- DMNs-NT 25 24 I e 15 1R 4 W 5 j2 Bk, xof
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DMNSs-NT BE 5B 4 K457 280 4 50 . 5 CS.PVP
K30 #HEL, LA CMC MR o 2 T AR B
L, BEEA AT ARIER,

DMNSs-NT fE4ME f7 St #2 . |7 20 min
LR BRI NT A3 20%, 2 J5 Hod jes R ik, 1
h J& NT ) 2B ZE R KT 50%, 4 h 5153 90%
DA b, SRILHAT NT R« NT SRR
AR S NT XK 53 2 AR AE 2735
Jik, DMNs o] DL 2 32 5 NT f3% %1% & . DMNs
AIA AR NT K2 K20, Bon i BRIk
B, s E R T NG, SEILTOIR A 2 S A
Fi; H DMNs ¥ NT [& 4675 7] B fgA KL, {5 DMNs
HNT B A oe .
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