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PC-SLN. R FH I 25 00 45 A HPLC 7575 52 40, 3 5 R 24 1t 5 L (i A I R 4% 40 A I Zeta HRA o DAL 3 R RN 24 1/ TA-
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L) —35 min(13% L JE)—40 min(6% £ &) , k6 9% K A 220 nm. TA-PC-SLN [V #4042y (126.1£3.89) nm, Hifz4)
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Abstract: Objective The preparation and formulation optimization of solid lipid nanoparticles of total alkaloids of Sophora
flavesicum (TA-PC-SLN) were explored and completed, and the in vitro evaluation of the solid lipid nanoparticles was conducted.
matrine (MT),
oxymatrine (OMT), sophocarpine (SC), oxysophocarpine (OSC) in TA. The methodology was validated. TA and lecithin were

Methods HPLC was used to establish a method for simultaneous determination of four index components

dissolved in ethanol to prepare phospholipid complex, and TA-PC-SLN was prepared by microemulsion method. The entrapment
efficiency and drug loading were determined by ultracentrifugation combined with HPLC, and the particle size distribution and zeta
potential were determined by colorimetry. The inclusion rate and drug loading were used as the indexes. The formulation was
optimized by the star-point effect-surface method, and the dissolution rate of TA-PC-SLN was evaluated in vitro. Results HPLC
conditions: DIKMA C, column (250 mm x 4.6 mm, 5 pum); mobile phase: acetonitrile-0.05 mol/L KH,PO, (containing 2 mL/L
triethylamine) solution, gradient elution, elution conditions: 0 min (6% acetonitrile) — 35 min (13% acetonitrile) — 40 min (6%
acetonitrile); detection wavelength: 220 nm. The average particle size of ta-pc-sln was (126.1 + 3.89) nm, PDI was (0.409 + 0.022),
and zeta potential was (=30.9 + 7.37) mV; The optimal formulation was: the ratio of the pharmaceutical phospholipid complex to the
aqueous phase (polloxam, soybean lecithin and polyethylene glycol 2000) was 1:1.75, the ratio of soybean lecithin to polyethylene

glycol 2000 was 1:1.25, and the ratio of the ice-water dispersed phase to the volume of microemulsion was 9:1. The release rate of
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solid lipid nanoparticles was much lower than that of total alkaloids of sophora flavescens. Conclusion TA-PC-SLN can achieve the

encapsulation rate of over 74% and the drug load of over 9%, the aim of slow release of total alkaloids of sophora flavescens was

realized.

Key words: total alkaloids of Sophora flavescens; liposome nanoparticles; matrine; oxymatrine; sophocarpine; oxysophocarpine;

star-point effect-surface method; prescription optimization
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Mo B E R T 2 A AR KEZS
Moy Lr A PR IR R, 0F 98 b 24 22 20 43500 rp 241l
IR AR KE XL BARE AT FUR I, 5 S 1)
TR B EAFE 7 28 (matrine, MT) AL 5
Bk Coxymatrine , OMT) « # 5L 5 (sophocarpine , SC) «
AR BB Coxysophocarpine , OSC) 2™, K Hi ik
BEADUMOR BUEAL SPU R PO R S 2 R E
FASTY, JC AL P 9 998 55 1R PR B FH 7 T B A = i
RS B W R, S BRI (total
alkaloid, TA) X ¥4 IfiL R L 2 40 1416 51 /e 93 2 AR
PRI AR AR FE S T LT 2 AR A AR LA TR
&R ANE 5573 i LS8 SN 47 SV 1 RIS T
88 G M DUAE 5205 350 A6 38 B B0 T IR BE , A A A
FERK, FEZRZHES Y, HFMEEAR
R

& fig Ji 94 K Ki (solid lipid nanoparticles,
SLNOAE y—H g BY (A oK B 24 1k & AEIE -+ LA K
KBRS, SLN EAT AW 25 P 4 0t 259 1) 2%
T A2 B R T R 08 o B0/ 2 D I PR A L o
FAF RN A PS40 e [FR, SLN KRR/ <1 um) ,
R 245 Whs - 38 0 2 24 28050 Ar 11 W WA s A 24 Wk
T AE 25 FH BB AL 1R 4 fid 11 ARG 0 4 B N TR AE G, A
38 25 Bt o 4 SLN FRRL A 428 Il 7E 100~
150 nm 7] SEI R GF (0 JHF X8 4 AT <2 30 24 P 1)
FE A 4R 93D 29 W AE 4 B 1 00 A, pR b N ) 4
27 B R I E . RN RS M 1R v 20
BRI BT TA RKIE ARG YD, DR AE il
& AN KRLZ BT S ¥ TA i) £ U i 52 & 1) LA &
MRV . A SIZIG ) 2% TA W N5 52 & P 44T 73 49 oK
#i (total sophora alkaloid phospholipid complex solid
lipid nanoparticles, TA-PC-SLN) F & Il 2 44 4 75 H
., N TA I R S S it 2% .
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FA2004 73 #7 H 7~ R (B g -1 B A BR &
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SB-5200D i /& B Ve AL Co 3 Z AR IR A

PR 2 7)) s 2KBTES-55 B 254 R T 1AL (3£ [E VirTis
A s SHZAID il 4 /K 202 B 575 57 G A I AL
T A BR 2 ) s R-220 SE K Y Jig 5 78 ) A (Bt &=
Buchi 2 &) ; Waters €2695 HPLC ( 3£ [E Waters 2
7] ) ; DIKMA C,, i % (Dikma /A @] ) ; Zetasizer
Nano-ZS90 ¥ 't ki BE 43 B A (L IR SCAL 38 A BRA
F]) s DF-101Z 42 # 30E i 0 #7745 4 25 O K
WA THARAFD.
1.2 A RFEZRF

wWER A, W E Z iR IR AR TR A ]
LRI HEAHRFZHER ERABREENT
BHHE Y75 5 Sophora flavescen Ait. [T 4R , fit 5
160515 TA (S5 = H il , #it 5 201606105 7 Z 1R
270% SEEHREUE RS R B = SR RN
M, & I PR IOR, W 4 5 AR IR 1 2 TR R A it &
I3 H0>90%, F A BN 53.4% B OMT. 17.3% [ MT.
15.2% 1) OSC. 4.2% ] SC) ; X [ MT (it =
PRF15041106) .OMT (#lt 5 15022805) . OSC (It 5
PRF7050923) . OSC (It 5 PRF7050923) . SC (fit. 5
PRF7050923) , 314 H 1% #B 3 5 vE BT KA R A
Al iR > 99%.

itk 7 1% (It 5 R141442, Dikma A &) ; £K Z
i (HL5 20170708) « ZEE (Hr #ir 4l, #1E*5- 20181008 «
TEF RS 20170318) , ¥ H R AT E T RS A
THBRAF) = 2GS 20170108, K ETH 4
T DR R s BE R — S (5 20170108, R4
AL 5 R A R A FD s K S 508 s (PC, #iE 5 SY-
SI-160101, Jb 5% B B AV H R G BR A | ;s fiffig
R (o Hr 4, 4165 20151030, KT HLIE A R A
B2 &) 5 ¥ 3% 70 4% 188 (4t 5 WPEESSTE, f#
BASF A ] s WA 14 415 K (iE'5 20180708 , 2 B YT
LERGIE A R AT
2 Hk
2.1 TABBEESIHIEIE

53 K %R E TA SR IR 16.8.8.4 mg, 3 [F] ¥4
T 5.6 mL ZFE T, T 40 °CK I St HE 2 h, T I
Ky, THREEERE MRERAEEE4R
97% I TABE G B &4 .
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2.2 TA-PC-SLN 0%

K L vE 4 % TA-PC-SLN. FREUTA BEfIE &
A WIAE AR kb T B B B R0 ER £ T 2 000
T 60 °CF InFA A fl 5 8 VD 1 188 (24 g/LIR &)
51 AERKAH . K AR A8 B I N KA R, R E
T 60 °C FREDJTEFERS h P FE 38 5] R AL . AR
1 000 r/min FEFRES T, [HIRE AE UIL AN & H
T AR B UK KB A, A HE 461 h, B A) £5 3]
TA-PC-SLN iR 2 . KR 2 E T -24 °CIKFH
WO 24 h, BUH T 48 24 h, BI#3 TA-PC-SLN ¥
FH o
2.3 TASRGREGIE(HPLC) M /5 3A/E T
231 ik % ff DIKMA C, 3% # (250 mm X
4.6 mm, 5 pm) ; i 31 A A & fi -0.05 mol/L [¥)
KH,PO, (% 2 mL/L = Z %) ¥ 6 B e it , e i 2%
50 min(6% Z.JiE)~35 min(13% ZJE)~40 min(6%
D K KR 220 nm; AR B & 1 mL/min; £
35°C; 33 0.45 pm HHLRJEME, FEFEFE 10 pLlo
2.3.2 TAXTHE S AEIRECH] RS % FR € OMT.OSC.
MT.SC %} f& /i 37.06.9.99 . 19.03 . 10.12 mg , ¥ SC
TR VA R E AR AR 10 mL Bt R BELSC
ot R VAW S mL VA i OMT . OSC MT % B& iy , i
P 72 25 22100 mL =i #2457 , il i[RI IR OMT
370.60 pg/mL.OSC 99.90 pg/mL.MT 190.30 pg/mL Al
SC 50.60 pg/mL ¥ & %F ] i W, % 3 5 4 °C
RAF
233 A W MCEC ] & L 10 mL TA-PC-
SLN V& & ¥ , #8 S # 7 10 min, L 2 mL i 7K %
B2 5 mL, 15 24 s W
234 LREMEZSE 2 EER TR SE R K
AV TR E “2.3. 17 T 1% S5 R R, B I 1.
TA F OMT. OSC.MT. SC ¥J I JE K Uf , 24 it &
Tk
235 LMERRFL  RE R PUR G XTI
0.5.1.0.2.0.3.0.4.0.6.0.8.0 mL & T 10 mL &= ,
B, 15 B 8 AN IR R A O BRSO W
$22.3.17 00 R Bk 2, HERE 20 pL, 6 HE S 1 &
WP R AA bR , 0 T AR R N AL B L 2 1 73 TA (1 4 A
J 4y bx HE #1287 2, OMT : Y=65 795 000 X+
34 699 (R*=0.999 5, 18.53~370.60 pg/mL) ;
OSC : Y=168 825 000X +366275(R*=0.9996,5.00~
99.90 pg/mL);MT : Y =175 062 900 X—225 762(R*=
0.999 5,9.52~190.30 pg/mL);SC: Y=106 193 000 X+
460422(R*=0.999 4,2.53~50.60 pg/mL) .

I = HWH

Yof HR S TV
OMT

0SC MT e
b\ A A
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Fig.1 HPLC chromatogram of TA

2.3.6 FEEERL RS WUDUR G0 IR 1.0,
5.0.8.0mL & T 10 mL &+, Mk &, 1%“2.3.17
TR B3 &1, & RES R 6 I, BEHNKEE
B, E S E 3 d, %82 H A K % B2 . i H A 2
OMT.OSC-MT.SC 1 H N ¥ % & 1) RSD 18 737l N
0.71%+1.76% 1.64%- 1.22%; H [8] ¥ % & ¥ RSD {&
43514 0.98%11.05%10.99% 1.34% , % W 1% 7 1=k
R R

2.3.7  FEtEiEe A A T mLig 0.22 pm
VESKJE L HZ 231700 N Bk A AR, 4 AE 01,2444
612,24 h #FEFE 10 L, ic 0§ A . 557
OMT. OSC. MT. SC ] RSD 1 7> %l A 0.14%.
0.37%+0.15%.0.15%, 25 KL , Bl MiE R 24 h N
FaEtE R i,

23.8 HEMHIRALE & TA-PC-SLN (n=6) fit ik
AR, 2317 TRtk A5 AF  HERE 10 pL, 1] %
WETH AR . 15 & &, OMT.OSCMT. SC Jii & 7 %
) RSD 1 73 51 4 0.13%1.0.32%+0.24% 1.08% , £
R ZITEEE R

239 I AE i #F e BCA — ik TA-PC-
SLN(n=6) , & % Fx € 502.48 mg, FE4L 3 4y, J 3 41,
5 FRCEL 451 43 5/ HL OMT . OSCMT. SC X & i i &,
K 2 FRE N 500.41.134.62.256.63.66.40 mg, & T
25 mL BN ER . BUREXTIE A 2.5.5.0.7.5 mL
JE AT 10 mL &, il 2% B 3 FhA BE (1) VR A 0k B
VA B R K N 1 mL TR A R A
¥ “2.3.37 LR 75k Sy i & R fE R R
F“2.3.17 0N i AR 10 uL, i s A, o
HA . 45 RRW, OMT BRIl 99.22% , RSD
4 0.64% ; OSC [B1 Y Z55 l 99.19%, RSD 4 0.96%
MT [6] it 8 FE 99.33%, RSD 4 1.26%, SC [A] iz 2
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5 [ 99.09%, RSD M 1.39%. FHIA ik A RIF
o E .
23.10 [Hl i KK K E & ICFE N E OMT
370.60 pg/mL.OSC 99.90 pg/mL.MT 190.30 pg/mL
FTSC 101.20 pg/mL (1) 78 & %5 B8 5 W . 43 i HL
1.35.2.70.4.05 mL, Il A\ 1 mL %5 4 49 K K075 W,
TANAH E T 10 mL 25 &, il 8% B 3 Fhac BE (1)
VR A IR R, 1%92.3.37 TR 7 R 40 S o 4% B At
B $292.3.17 I0 R B S R RE 10 uL, id %
VTR AR tH RS . 45 SRR, OMT [A] Y 2 3 [
99.75%, RSD N 0.82%, OSC [a] i 3 75 [ 99.54%,
RSD 4 1.40%, MT [A] Y % 35 [ 99.85%, RSD N
1.04%, SC [R it K Y5 [ 99.58%,RSD A 1.74%. F 1
ARITERA REFH RIS
24 BHEMPHEMNE

K FH R 2 0 75 S0 B S, R % I Y TA-PC-
SLNVEERGE R, BT 5 mL LN ,10 000 r/min &
> 30 min, BU_FIE W, $%2.3.3” TG il (453K v
F242.3.17 TN (5 S5 AR EAT W i , v L E AR AN
2.

WER=W ,—W)IW,

WA=, — W )/(W+W,)
W 5o TA-PC-SLN VB & H i 25 TA [ &, W, N TA 2 5,
W TN FR () 5 J5R
2.5 REDTK Zeta BBALNE

HY 1] £ 1 ¥ T 7T TA-PC-SLN i &, N 2818 /K i
MR G B TR AR R AR TN B i
W52 FoRAR KRR 2 B RE(PDD K Zeta HIAT , 455 L
K2, TA-PC-SLNPFFIAE9(126.143.89) nm,PDI
8(0.409+0.022), Zeta A7 8(-30.947.37) mV.
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Fig. 2 Particle size distribution and Zeta potential of TA-
PC-SLN

2.6 etk
2.6.1 R  AERRR R ERL k2
M iE 2 G 5K QRIEW W . KIS O Ag Al

ROEE2 0004 88 Ll (4). KT BR AR AT ER
LHE2 000 LLB (B) L TS5 UK K 43 B AR AR L
Bl (O fERFEMEER, B RO RDIE
VP AR BR K B s T SIS R A Ty i — P
Mok, B RIS AT 3 IRE T, BCP YA R NG 4
Fo REKFIEL.

2.6.2 A LEBEG Y HY,ERIEK2,
T7 25 M WA 3 e 4o

F1 BEEITERERKE
Table 1 Factor level of CCD

% K
-1.68 -1 0 1 1.68
A 1:3 1:1.75 111 1:0.8 1:0.67
B 1:2 1:1.25 1:0.8 1:0.6 1:0.5
c 1:16  1:13 1:11 1:9 1:8

®2 BRI REMEME

Tabel 2 Central composite design and response values

.- INES g
Almgmg™")  BAmgmg D CAmLmL™D Y/% Y/%
1 0 0 0 65.06 8.21
2 0 -1.68 0 68.84 8.54
3 0 1.68 0 4221 6.19
4 0 0 0 64.43 8.01
5 0 0 0 65.78 8.24
6 -1 -1 -1 68.83 9.14
7 -1 -1 1 76.51 9.12
8 1 -1 1 59.62 7.86
9 1 -1 -1 54.62 7.58
10 1.68 0 0 51.63 7.29
11 -1 1 1 60.64 8.13
12 0 0 0 65.66 8.35
13 0 0 1.68  60.78 7.21
14 -1 1 -1 58.64 7.39
15 1 1 -1 40.73 6.21
16 0 0 -1.68 49.66 7.32
17 0 0 0 66.29 8.04
18 0 0 0 65.87 8.43
19 1 1 1 37.87 6.04
20 -1.68 0 0 62.39 8.28

I8 I K H Design-Expert. V8.0.6 3 4 X #4 4# i3t
175 BT Ab B UL Je 2 e 2 MR — ik 2 T R E LA
H I N:Y,=65.46—6.58 4—7.80 B+2.23 C—
1.20 AB—0.94 AC—1.69 BC—2.62 A*—3.14 B*—
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F3 VINMERERNE ES
Table 3 ANOVA for response surface quadratic model of ¥,

F4 YN ERERWNTTE S
Table4 ANOVA for response surface quadratic model of ¥,

TRV WZETFOTAM AmE YiE FE P

JrERIR ETIA AmE YWiE FE P

By 1.860.51 9 206.73 1527  0.000 1

A 519.48 1 591.48  43.70 <<0.000 1
B 830.30 1 830.30  61.34 <<0.000 1
C 68.21 1 68.21 5.04  0.0486

AB 11.47 1 1147 085 03789
AC 7.11 1 7.11 0.53  0.4853
BC 22.92 1 22.92 169 02224
A 98.73 1 98.73 729  0.0223
B 14231 1 14231 1051  0.0088
Cc 152.24 1 15224 1125  0.0073
T %= 135.36 10 13.54

7Y 12.72 9 141 15.89 <<0.000 1
A 3.49 1 349 3926 <0.000 1
B 5.98 1 597  67.17 <0.0001
C 0.25 1 025 277 01269

AB 0.34 1 034 3.78  0.0805

AC 0.27 1 027 3.00  0.1141

BC 0.04 1 003 041 05364
A 0.24 1 024 2.68  0.13277
B 1.11 1 111 1244  0.0055
Cc 1.41 1 141 1582  0.0026

T %= 0.89 10 6.6l

325 C, R=0.915 9, P=0.000 1; ¥,=8.21—0.51
A—0.66 B+0.13 C—0.20 AB—0.18 AC—0.067
BC—0.13 4°—0.28 B°—031 C’, R=0.934 7, P=
0.000 1.

RUIHE R & L HAR, /T AT A AT,

ZENMEREY, YRR AB.C A4 B .C Y
PR E T, Y8 A BB C R B (1 4 35 T
2.6.3 ZAMLI 3BT K H Design Expert #1114 £ il
S YERSITH I 25 R LI 3 A 4

T
—096 —3.20

B3 W R e R ) = 4

Fig.3 Response surface encapsulation rate 3D curved

-1.10 452

4 TmRIEEZSE R = 4EE
Fig. 4 Response surface the drug load 3D curved

2.6.4 Kb IUE AR ¥ Design Expert #1425 & VF
WA B AL T, A N 1:1.75,B91:1.25,C 129,
F 227 TUT J7 ik 2% 3 RUFE b 42,47 IR Tk
B E EE R SR, ERILES, BRTHM,
B 5 302 & ) SCME S PR R 22 BN, I AE £
5% LA, 3 BRI TR0 R 47

&S5 BUMFI M ELLE (n =3)
Table 5 Compare of predicted and obserbed

responses (n=3)

BHC BB %  WEWIR/% R E/%
Y, 74.50 74.16+1.41 1.46:0.33
Y, 9.02 8.73+0.37 2.2240.92
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2.7 ANBHENE

K P35 #7148 1 % TA-PC-SLN 14 b 2 HY B k47
F5L W) 45 1F (1) TA-PC-SLN Y& £ M2 TA % & 5
W% 20 mL 73 N 2 AR 3R UF REMT AR N, AT 4R
P L 2 IR IR B 200 mL pH {f N 7.2 ) PBS )
B, IR BTN 37 °CHE IR K VB R % #% f LUE
AR #E (100 t/min) o 737 T 0.5.1.0,2.0.4.0. 8.0,
12.0.24.0.48.0 h U AT 7N 2 mL, [F] I %h 78 55 A4 AR
AV AT BRI 0.45 pm PFLIEIE N S, &
HPLC V2 & TA W, /N I (8] m A8 3 4P AT 34 o
THE & AN 18] 508 TR, Ik i (R 4E , BE TR
i 2 WKl 5. 45 R & B, TA-PC-SLN H £ 22 ¥
R .

120

°
Va o
s
e
£ 80 ”
S /
B 4 -
g . /
= ‘ ) |
B 40 |
' J = TAPCSLN
| / ® TA
("
g
0 10 20 30 40 50
#/min

5 TAR TA-PC-SLN Hy{ESMNE 7
Fig. 5 In vitro release of TA and TA-PC-SLN

3 iTig

TA 7K1 53, B EAT SLN 1) il 2% B £,
P RARAR , A 70K TA Sl & N IE B &9 B
MAE T, Je e = 250 0 g i 1, 79 6 38 19 g o 4%
R REEAT SLN B & K IR B 6 W% T 3L
A A A OR KR

TEAS BT =2 29 A 7T RIS T2z
i RS2 56 Wit 7 vk . (HIERS Wit R 1h vk 52 2 f
6 2 MRS () PR, R RE AR 3 — DR R B BUE T
], JEVE SR A AR , HL7E P 128 48 1 a5 A0 2% A 1 D A5
(10 205 S AF 5 2 A R TR s 22 K JR R ) -
RS TR E A G it 5 T — 4k, IR Wit
BRI AL, L3 AT B A T, RIS D, IR R
EREE, HEH T2 R R ZKFRE.

AT 5 30 B DR 3R 2 S 0 UG L S ) S 5 B
)5 DR 3R, R AT W) S T TR TSI B Ak T i
ITH— kst . | AR R &5 K
AH I VD U, R S O i A1 58 & 1% 2 000 ZH B

Fel o 121,75, K BRI A SR 20 8 2 000 LA hy
1:1.25, VKoK 73 B0MH 5 1 L AR AR L5 9 1 Ik, B il
7% 1) TA-PC-SLN B A s 0 B 2 M i Kk 2 i,
o T AR 5 i 18 P b A L T A R B e T
FEo HHFI BT EVEF LT HARIMERG IR T
TA-PC-SLN H A ZZ B 1 80 R . A 58 K TA-PC-
SLN FRLAZ 2 1 4E 100~ 150 nm , Fe 5 75 529 TA
) JIF 4 1) 4 O, SR TA-PC-SLN [ 115 R B FH 24t 1
AR . AR TER 2 N — R
W 7, TA-PC-SLN [ 78 Xif o 24 22 41 53 9K o 245 1)
WiREA—ENZHE L.

FlarR HAGEAFARAEER TR

S 30K
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