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Preparation and in vitro transdermal study on solid lipid nanoparticles of
matrine

FU Li-na, ZHAO Ning, LI Wei-ze, HAN Wen-xia, LI Jian, YANG Ting, YANG Li-bin
College of Pharmacy, Xi’an Medical University, Xi’an 710021, China

Abstract: Objective To prepare matrine solid lipid nanoparticles (MA-SLN), investigated the pharmaceutical properties and in vitro
transdermal behavior. Methods MA-SLN was prepared by microemulsion-low temperature curing method; The optimum
formulation and process were selected by orthogonal test using particle size, { potential and encapsulation efficiency as evaluation
indexes; The morphology of MA-SLN was observed by scanning electron microscopy (SEM) and transmission electron microscopy
(TEM); The embedding state of matrine in nanoparticles was analyzed by differential scanning calorimetry (DSC) and X-ray
diffraction scanning (XRD); In vitro transdermal experiments were conducted to investigate the transdermal and release behavior of the
drug. Results The encapsulation efficiency of MA-SLN prepared by the best prescription process was (56.12 +0.82)%, laser particle
size analyzer (DLS) showed that the average particle size of MA-SLN was (196.31 £6.26) nm and the potential was (—37.18 £2.36)
mV; SEM and TEM showed that appearance of MA-SLN was spherical or nearly spherical; DSC and XRD showed that matrine could
be completely encapsulated in nanoparticles and had good compatibility with SLN framework materials; Transdermal experiments
showed that AM reached 500 pg/cm? after 9 h, and sustainable released to 24 h, which indicated that MA-SLN can significantly
improve the transdermal absorption efficiency of matrine and had good slow release behavior. Conclusion MA-SLN can be
successfully prepared by microemulsion and low temperature curing method, it has the advantages of simple process, short preparation
period, high controllability and easy to be industrialized and popularized. Moreover, MA-SLN has excellent performance, high
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transdermal absorption efficiency and significant sustained release behavior, which can provide a better model for transdermal drug

delivery and lay a foundation for further development and application of matrine.

Key words: matrine; solid lipid nanoparticles; transdermal administration; slow-release effect; pharmaceutical properties;

microemulsion-low temperature curing method

2 (matrine) & KIE T S RHR B Y S
Sophora flavescens Air.f]—Ff -EWBR R IRZ4)
BAEYR. PUE. PR PUFLT4Et. g,
U L H0E] PR 2 R % S 2R AR
RN HETEG IR b2 B R S0 70 3 A
A KR BRI, (B, 5w
SRS WA . T2 KA, HiEK
JF B SRR P B S ) s I HL R T S e R 2
FrA, BB R ) 2210000 X MR ] 1 23,
CUIRSIF GGG Z N A, Fik, RS
IR G 2 R BA BB R . [EER RN
ki (solid lipid nanoparticles, SLN) 2742 y4hk
G — PR B SR B SRR 45 2 R e, nIER
Ka3F NrTFENERE, BA RIFHRIEZY)
175 R RS FH RN B BRI R 8L, Re g 3 254 i Az
SEVE, RTRE i 20T R TR IS 1) 28 M i v FL AR
VIR, B 259pittes i/, s g, O
MR TEST SIMESE Lm0y, RN H AR 5 H)
TR A=, I TRk, REWIKRL
SBACRICSL, Rk SLN BA KGN A A5
P, ARSI T T DAL~ (IR [ 1 1) 4% v S
[t A i i 49Kk (matrine solid lipid nanoparticles,
MA-SLND R T2 N A G250 vk g, Jfd
ARSI 42575557 MA-SLN 3% [ 45 25 1R 24
179, MR SR 7 — M T4 Kok iR
HANHZ RS 2 R G
1 {NEEHH
11 FEUHE

Agilent1260 = A B REA, 25 E e Rl
AIRAT]: Verios 460 474 H 7~ W 5e (SEMD, €
FEI A 7]; JEM-2100F i& 4} L7 255 (TEMD,
HA BT H#A &4 XPert PRO X- 5 28 7 54X
(XRD), fuf ZMAANFLAF]; ZEN-3600 FOGHL AL,
[ &R Quintix224-1 CN Sartorius 734 K
-, RZ R AR A F] ;s Stare %%t DSC
ZRPHERAL (DSC), Hi MR- H 2 AH]
Allegra 64R Centrifuge =02 #1, 3& E Beckman 2]
1.2 A5

oS, P E AR A E AR, R

#7740 110805-201803; #ZH, it &5 £ =98%,
b5 XC20190410, P/ NEMIFHA R TTEA
Al KEREERE, FRKHAWARAR: mikf
KA, FEDH99%, Sigma AF); AR H
s, B PEEAL TAHRAA; HHJE % F-68,
RETRFERAE RN A RA T HARKHIE 955
Mraf, ACHRZEK .

1.3 =)

R AN, MERES, AR (20+2)
g, fit's 20191003, ¥ H7PH %K E. B
B BN SIS AE B PE A A S S0 AN BRI FE (1)
FE, ¥IFFE 3R JEN.

2 HEEER
2.1 MA-SLN H9%#&

K FH AL IR ] AL 7512425061 25 MA-SLN . BR
T2 50 mg, I LA R R H I T AOK  INBEAE
FMA 5 mL JorK ZEEAE A 7L 0.2 g A JE
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Fig. 1 HPLC of matrine reference substance (A), B-SLN
(B) and MA-SLN (C)
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2.3 MA-SLN 4757k
2.3.1 MA-SLN QB RME KM kS R E BRI
M A dsf 22081, RER I MA-SLN #£5% 0.8 mL,
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mL, J&%), # & 3min, T 10 ‘C. 13000 r/min %k
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KIARAT ¢ AT MA-SLN 4b 75 i1 PR HE bR o J
AL SR GORRLR RS — DN EE R,
WIRRE R AMIRITBOR, D AR PR R %
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FE—E R b SR T B ar B L, XS 4ERFIA R (1)
FoE PEA R KEEA, MR R 1 H AL I 4 fH K T
30 mV I, FRCRELIE] T AR AR RO R H e 70 1T A A
TR E MR m R SRR 5], RIARSEES
il % () MA-SLN 77 f s, BRIk sE, ¢ HAITE
-60~0 mV, kO mV/h6 mV, Bil4y, #4510
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BT IEAC WS, IERIRIG IR K SLiiis
THERNE L, FZESHINER 2. HE L. 2 75,
FRIEN MA-SLN A, 35 AR AR 1 2% & (1) 52 K
MR A>B>C, BEARER TR (A FIGRE%
fii (B) %I MA-SLN L A RIRARAT it & S, AR

PSRBT, R T %M N ABCy,
B MA-SLN ) dsc il 2% b 77 9 246 50 mg. B
JEER HihEg 0.15 g K& 0.3 9. HAJE 7 F-68
0.2 g+ VHAH 5 mL FKFAEF 10 mL, HI#5FH
MA-SLN B R m. Rifg/h. (HEALAE.

F1l LoGHEXRMFITRER (X+s5,n=3)
Table 1 Design and results of Lo(3%) orthogonal test (X £ s, n=3)

RIS Ag  Blg C D(RE) #BER% BEHRES REhm  RAEGS (BAMV BAES SaEs
1 010(1) 010(1) 1:1(1) (1) 5207+136 500  361.23+849 400 -29.97+1.87 533 487
2 010(1) 020(2) 1:2(2) (2) 5240+123 500 210.23+6.92 7.67 -39.17+£1.17  7.00 5.93
3 010(1) 030(3)1:3(3) (3) 51.93+142 500 219.70+9.83 7.33 -40.83+1.83 7.33 5.93
4 015(2)010(1)1:2(2 (3) 58.60+4.07 533  207.97+9.85 7.67 -37.67+1.12 7.00 6.13
5 015(2)020(2)1:3(3) (1) 5870+358 567  198.33+885 800 —39.60+229 7.33 6.47
6 015(2)030(3)1:1(1) (2) 5850+312 567 193.67+7.09 800 -—38.73+165  7.00 6.40
7 020(3)010(1)1:3(3) (2) 43.67+243 400 319.87+7.01 500 -30.77+169 567 453
8 020(3)020(2)1:1(1) (38 49.87+212 467  256.63+895 633 —33.20+-1.90  6.00 5.22
9 020(3)030(3)1:2(2 (1) 59.23+221 567 23443+940 7.00 -36.46+178 6.33 6.07
K1 16.73 1553 16.49 17.41
K2 19.00 17.62 18.13 16.86
Ks 1582 1840 16.93 17.28
R 3.18 2.87 1.64 0.55
kTR A2 Bs C2
w2 HEN ENS W2 BEENPS M A o S N Eriea 2t N1 NIE g 2

Table 2 Analysis of variance T SN [FI R R A AR R MA-SLN A5 | kil
WEKIE  METHM O HBE R BE% ¢ MRS, MR €2.3.37 TORESEb g kAT n
A 1.7882 2 324595 P<0.05 B IR HER G VP, BatRIE LR G VP40 07 1 H A
B 1.468 2 2 26.6507 P<0.05 MR T2,
c 0.480 4 2 8.7196 241 ANEBFEEEXT MA-SLN fE . ki, ¢
D (ix%) 0.055 1 2 HIAT IR 38 “2.3.47 TR SE IR R b 77

Fos(2, 2)=19.00
24 MA-SLN #I&LZHi
T ERAL AR R R AT LR 72 1R] “2.3.37 T
WAL, FLAE R SO 2 b 7 2 787 1 7Lk
HRE R LA TR A R Rk AL T PR
£3 BHEEX MASLN AT MBI (X+5,n=23)
Table 3 Effect of stirring speed on MA-SLN comprehensive score (X £ s, n=3)

TEFE IS (8] 30 min, 2 HUHARAR 30 mL 61 R,
R FIPEEEEFE I MA-SLN £8P0 IS o 45
R 3.

242 AFEFFERERT MA-SLN Al %, kifz. ¢
HAT A HeMB “2.3.47 TR E AR b 7T

B (rmin ) BEEG  WOHEEES FrfEnm RAEVS  CHIAImV ALY ZREVTES
600 43.77+1.30 4.00 387.70+5.22 3.00 —18.07+1.42 3.33 3.67
800 51.67+0.96 5.00 361.23+7.49 4.00 —29.33+0.93 5.33 4.87
1000 56.77+3.65 5.33 215.47+5.76 7.33 —41.20+1.28 7.33 6.13
1200 53.83+1.27 5.00 208.10+4.83 7.67 —42.40+0.95 7.67 6.07
1400 51.83+1.65 5.00 211.60+6.74 7.67 —38.17+1.56 7.00 5.93




* 5556

¢EH 2021497 $52% H 188 Chinese Traditional and Herbal Drugs 2021 September Vol. 52 No. 18

FESRFEEEE 1000 r/min, 2> EOFAAFR 30 mL K461
N, EEORNEEER A MA-SLN [F25 &4 ) 5%

CHLALIRIRSIE IR “2.3.47 TR E B ab 7T
FEFEPEEE 1000 r/min, #EFEES ] 30 min FI24E T,

Wi o SR WK 4.

BEAF D BAAEIRE MA-SLN (456

2.4.3 AESTEAHAEFNT MA-SLN fLd R, Rz,

F 4 HHFEX MA-SLN Z2ETFES IS0 (X£s,n=23)
Table 4 Effect of stirring time on MA-SLN comprehensive score (X £5s,n=3)

Wi, S5 R WK 5.

BNGED

BEFEITRl/min ARG WHEERFS RifE/nm Ry CHAmV o GRS REES
10 26.13+0.67 2.00 396.53+6.16 3.00 —16.95+2.33 3.33 2.47
20 37.63+1.71 3.00 338.07+9.12 4.33 —29.60+2.05 5.33 3.73
30 58.27+4.85 5.33 213.27+8.89 7.67 —42.27+1.50 7.67 6.27
40 49.83+2.27 4.67 258.17410.40 6.33 —31.80+2.01 5.67 5.20
50 44.86+1.70 4.00 343.53+5.03 4.00 —25.80+2.40 4.67 4.13

#5 SEHEAEIRX MA-SLN Z&1F5HIEM (X£s,n=23)
Table 5 Effect of dispersed phase volume on MA-SLN comprehensive score (X £ s, n=3)

SHARARIML SRR BEEFS KAz /nm CTR Coa o) S =X 04 1\ VAR U VA 7 N S < 2
15 25.03+1.50 2.00 418.07+9.01 2.33 —16.27+£1.29 3.00 2.27
25 37.23+1.79 3.00 327.57+£8.92 4.67 —28.53+2.06 5.33 3.80
35 51.26+2.46 4.67 248.60+£7.13 6.67 —37.831£1.47 7.00 5.53
45 57.33+4.67 5.33 197.20+4.35 8.00 —37.231£1.46 6.67 6.13
55 51.67+0.97 5.00 274.53+7.69 6.00 —34.90+£1.48 6.33 5.47

HHEE 4. 5 WAL 43R A2 (KT 800 r/min K,
T T8 35 N AR R 1) TE e 4t 2 % 11 e & DR
MA-SLN B8 5 R E, st s CRT
1000 r/min) £ i35 FE ik KT 3G Ik ) sh g 4
KA AL 17 5 M o il U R RS Y . LAk AR &R
1) RS R A E A 20 A R i R it i 2, 1A
I B — g (I TA), SR (R T 30 min B 58
FAA R IR R, BRI TR IR i
PEIF A, & 30 min U BT KRORRERE . A
HHLR S R SRt . TR, MR AR
XF MA-SLN [FRIAESZ MR, FL I DR 24 R A A
UL ZINEF S BRSOk IR BB O, BRI K
T ARORE R R AL 3 I SR AR AR FE I AR AR AR K
AR L KIS, kT 45 mL B, 0 i T ok #g
BEREFEROR, 13307 BOR BR & 2K, Hn
Vit s H G sE b B R e Rk, 28 &0 a8 it
)86 T2 PR3 B2 2 1000 r/min. $iEEERE]A 30
min 5 BEAH AR FR A 45 mL.

25 MA-SLN #ll& LT ZMA 7 rHE

F I8 IR b T R T2 5 %245 il %% MA-SLN.
FRELGE 20 50 mg, AL HmAE 0.15 g AR
GUREAS 0.3 g, M 5 mL TE/K ZEEE Jyihal: 5

0 0.2 g ¥ EAJE 3 F-68, HIAZifk/K 10 mL {F 7K
s WA S KD HET 65 CKIBH, fHREfR;
T 1000 r/min 214 R ¥ KIS N HAT, HEHE
FL4k 30 min, EES))E 4 min 5 LA A R R
45 mL 7K H, 300 r/min 2544 R HERERE 4L 20 min,
it 0.45 pm FFLIENE, BIfS, T4 CAEL #H.
il 4% 6 #it MA-SLN, HAMWIE)—HLEER,
MA-SLN HiA5 % B 43 A7 P AN HL 35504 B LT 2. 3
BHABFEN (56.12+082) %; FHKiiEN
(196.31+6.26) nm, % 7 H$E% (polydispersity
index, PDI) 4 0.184+0.020; ¢ Hifiily (-37.18+
2.36) mV. RIARLIGMARIHIF b 77 Sl T2
FasE . HIWER . BEFURIIS, foki R i B A Y
ZANHE KT 30 mV B, Fiohi (8] B AR ZEROK [
¥ 30 F T 0 750 R 1 1 B v AR R AR R R
4], B, MA-SLN BA R &R E .
2.6 MA-SLN 557 1 e 82
2.6.1 MA-SLN JE&ME K MA-SLN # ik &,
%18 SEM Al TEM (15 MR AL I, WLEE LA
TEA A . S5 5RWE 3 Fin, MA-SLN NFIE T
(P35 5] SEAR B BEBRR 2540, BRARSR TH T v ZH8 K FI
W g AR H . PR EIRI A — 8, RAE SIS
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Fig. 2 Particle size distribution by intensity (A) and ¢

potential distribution (B)
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6000, B)

Fig. 3 SEM image (<2400, A) and TEM images (> 6000, B)
of MA-SLN
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BIIE o340, XA AAT AR TR S 2 Ae e
PEFIEZ &
262 HSWMAEFENEER

(1) DSC #3#i: 437 HUid& & MA-SLN. B-SLN.
WHWR AR, S E SLN ¥R &Y H DSC 3
TG 55 206, e FRAR S AE U 1) AR A 15 T - DSC 434
21 99.99% Na, FHIEHEEE 20 C/min, &G
0~280 C, 25 4. i1 4 v %1, ¥ SHAE 70~
78 ‘CHIFASAENE, B-SLN 7E 55 °C/A A5 Hi IUAFAE
g, YEIRAYTESHASLN 435 BT SLN Al
T SRR 10K S % MA-SLN 5, &
SRR R, AR SLN BIRFIEIE o

(2) XRD 43#7: F XRD Wll5E 7 SH0k K
MA-SLN A1 B-SLN. £ i 7£ 45 kV.40 mA [f] Cu-Ko.
R AT AT, MRVEE 5°~90°, HHEE N

RS
MA-SLN
MR EY

B-SLN

0 40 80 120 160 200 240 280
TI'C

4 MA-SLN #J DSC #3## 43 #[E
Fig. 4 Analysis diagram of MA-SLN by DSC scan

2°/min. SR LE 5. HIK 5 A, digiiE s
Bl ) XRD 3 EI7E 6°~25° 3% 1 BE [ s HF 2
R, RESMEAG =4S MM, 1 MA-SLN %
BT HYESWIN EE, 458K 5 B-SLN A
b, MA-SLN B F &R A D), BAAREEZHA K,
T8 T M AL SR R A P, X ATRE & B TR
YRR E S, ST A S50 SLN
SESER A . 454 DSC HHthas BAEWT, 77500
ATHE R B B SLN R SEAR 28, HEE S5
SLN ‘B 224 BLAH AP R 4T
2.7 MA-SLN {5 2545 S

K EHTEH 2 MA-SLN IR 2545 15, k35 7K%
HUMA-SLN 2 mL, JSA#L R AHXS 7+ &4 2500
(BT, $L%, BT 50 mL 2R 3 E KT,

| )) I
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,|1 .,"
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Fig. 5 Analysis diagram of MA-SLN by XRD
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WEEA 5 37 °C VB 3% 150 r/min BEATARSNETIRLE,
EURERITE ) 1. 20 34 4. 6. 9. 12, 18, 24h, H
FEEN 3mL, JRAN AR E AR K, FEL
FH )53 7R B (1) S KA E o IR, TR AR
BEeR. AR IE 6. HE 6 nlAl, ESmKIER
HE S ] OB 2, HRAE 6 h R EEARE 2
VIR T4 o 111 MA-SLN 455 S0 /K 3 AR M b R
S FERNS, 1E 24 h 5 A B EE R4, [Fit
MA-SLN R SMEE2 BA 2R R

120 -
. I I 1
100 +
s 801
=60
%& 40 +5AFA_SLN,W
—a— WS IER
20 1
0 0 6 12 18 24

t/h

6 EEBWEIGEEF MA-SLN {FSMNEMERLZ (X +5,n=3)
Fig. 6 Invitro release of WMA and MA-SLN (X £ s,n=3)
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