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Preparation and characterization of baicalin-sanguinarine ion-pair chitosan
nanoparticles
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Abstract: Objective To prepare chitosan nanoparticles loading baicalin-sanguinarine ion-pair (BSI-CS-NPs) by ionic gelation
method. Methods Based on the results of single factor experiments, four factors affecting the formulation were optimized by
orthogonal design. The diameters and the Zeta potentials were measured by laser particle size analyzer. Transmission electron
microscope (TEM) was used to observe the particle shapes, and HPLC was used to determine the entrapment efficiency and loading
rate. Results The mean particle size was found to be 326.4 nm with a narrow particles distribution of polydispersity index. The Zeta
potential of the optimized method-loaded chitosan nanoparticles was 45.7 mV, the drug entrapment efficiency was 26.68%, and the
loading rate was 68.73%. The drug release degree of BSI-CS-NPs decreased about 36.51% in 2 h compared with BSI solution and the
total drug release degree in 12 h was 92.29% with the sustained releasing behavior. Conclusion The method of ionic gelation is
appropriate for the preparation of BSI-CS-NPs, and the BSI-CS-NPs have sustained releasing eftect.
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GEPO, A I S R A A A
AR A ) e RGN K R (BSI-CS-NPs)
() T2 K osei, FF% BSI-CS-NPs #H47 5t & 14
Rk — 20 B A i 2 RN 2 R AR A B A R

1 NESHR

JOEL—1230 &4 1 2/« JOEL—6380LV
AR 7 AT CHARRA AL, B v AR AH £ 3%
([ Waters A7), DF—101S £ HE )P 3k 28
(IR BE SR A As) ) 2323 K A 50l
(Hermle 2~ )s AR THHL (£ VirTis A F)D;
WOCKLE 4 HT A (FE[E Malvern 23 5] )

BSI ({it'5 2010729, JiiE/r-4 97.99%, Hlr
N IEEYRBEARA ), 5o (CS). —Hk
R4 CTPPO T+ [ 2548 P4k 24747 FR 2 ), NaOH
(J"HRIEE] BRATD, L8R (KRR
LTINAEBRAED, . FEE (e,

2 HESHR

2.1 A ERE AL

2.1.1 i (A% A Phenomenex Luna Cig
FE (250 mm X 4.60 mm, 5 pm), FahHN LHE-0.5%
IR KW (30 1 70D, AR E 0.8 mL/min, FEif
35 °C, R 270 nm, BEFEE S pL.

212 L@PEHS KSR BSI2 mg, FHEEE
AT 10 mL ST, I, K% E 800 pL
it T 10 mL &JEH, A 0.1 mol/L HCI-HfE
(1:1, AWHD EZ, 193] 16 pg/mL ¥) BST R .
FZHX BSI-CS-NPs 7% [ ¥L 2 mL, H A ¥ H)E 7 2
10 mL ST, I EARM . B BSI-CS-NPs
FLE 2 mL, H A WHERS 10 mL &EiH, A
BSI-CS-NPs il 4 JE s AH 45 Ak A 0
S, SRR, ARG BSI-CS-NPs A4 h BST
WE LT, Bk E WK 1,

t/ min

1-MUARER 2-3 K4

1-sanguinarine 2-baicalin

1 BSIMERSE (A). ZEEEEMNKRK (B) 1 BSI-CS-NPs (C) Hj HPLC
Fig. 1 HPLC chromatograms of BSI reference substance (A), blank CS-NPs (B), and BSI-CS-NPs (C)

2.1.3 LMERRFEH KEBIUG & 200, 400,
600~ 800, 1000, 1500 uL J- 10 mL =i, H A
WAETE o BARVBAHATIN BST 351 tH I 38 2545 A ifi.
HBRR Pl s 23 1 i b, (ROR S0 B,  JLug i
R —E i, Bn] LU BST BT ik B ST
By ORSZIG PR M ARAR) G R8T 2
PEMDE, HEIDURREIRE (XD WRARLR, WA
HHPAEE (YD) R TTRE Y=10 034 X+4 299.7,
r=0.999 0; 45 . FK W] BSI 7 4~30 pg/mL LMK R
[EY/T8

214 REEWAE RPN 1. 2. 3 mL BSI-CS-
NPs FL, H A WHERT 10 mL &, (e
PIAHSSEE TS, 1d WA 2 h e 13k, tHEH N
KRG s BRI (RS FE S BT A I,
GBS d, VHEHNREEE . WS H PR B RSD
I 0.742%. 0.513%- 0.268%, | A)KE 25 5 )
RSD 73114 0.980%. 0.537%. 0.469%.

2.1.5 FErEREe  REEC1. 2. 3 mL BSI-CS-

NPs FLifi, H A #AESRT 10 mL ®HH, 7EAH
FFRRAH A4, T 10 34 64 9. 12 h 2 5l idkFE
LN, A AR B U TR AR ) RSD 430l 24 0.860%
0.455%- 0.461%, iH] BSI-CS-NPs fitisl 5 i 7
12 h NEEE

2.1.6 HEILERAE KB 1. 2. 3 mL BSI-CS-
NPs JLi, H A BFEAT 10 mL &, 23R
FRAN [F) R P (P PATRE S S A, FEAH R IR AR 4%
fERME, WA 3 MRERER RSD 43k
0.650%-. 0.661%- 0.311%.

2.1.7  [EICRRES UGS s & (84 124 16 pg/mL)
LR P 1) BSTFE St i 20 il I N B2 [ 52 2Bl 40
Kb, A WFE DS TEBARSAE TS R
A3 ILP- 35 [R5 3 A 100.128%- 100.986%
100.396%, RSD %3514 0.681%. 0.507%. 0.168%.
2.2 BSI-CS-NPs By & 5 RIE

2.2.1 BSI-CS-NPs il K CS %fi# T 50 mL 44
T HCR 2% BB K, #1159 2 mg/mL CS %
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W, # 10 mg BSI ] 10 mL 2BV, 22185 A CS
WA, LA 1000 r/min F i, nse BSI G 4kst
P4k 10 min, A 1 mol/L NaOH YW pH H A 5.
¥ 20 mL 1 mg/mL TPP %5 LA 2 /s I CS %K
tf, BL 1000 r/min Fs i dE, In5e TPP Jo5 gk 2L
10 min, E#54 BSI-CS-NPs ¥

222 HifE K Zeta WA HUS T BSI-CS-NPs
FLA, IZKRRRE 10 %05, FBOGRLEE 73 B (300 e ki
1% R Zeta A .

223 EHHEMNLES /b E BSI-CS-NPs 3l
TORAEAN M L, S8 T e HDE S 7 A s M 8¢
YURRIIER, BATIERNE .

2.2.4 BSI-CS-NPs fEfHE KN 2 mL
BSI-CS-NPs FLii H A %7 %+ 10 mL &,
LEAH R RBAH AT T e R i TR B (p s)s BB
BSI-CS-NPs ¥ 250> (10 000 r/min, 4 C) J5¥
FIEW 2 mL, H A BFERT 10 mL &, Ki%
MERE IR (p ), IHHAEE,

BEE=pas—pr)/px
2.2.5 BSI-CS-NPs # 2yl MR—xman
R T4 5 () BSI-CS-NPs 1% T8, HF e m s
7, A EREAES 10 mL B, e, W
PN TR BST U (mos), VHH .

HAE=m s | maxn
2.3 BSI-CS-NPs #|& T =ik
230 HNEEE g ciE”, vibdiE s
JURIKE 4 2 mg/mL, TPP Jfisik/Z 4 1 mg/mL,
CS ¥ pH A1 R 5, TPP ¥ pH 1k 9, BSI
FZEA 10 mg, #4184 1 000 r/min.

(1) CS % pH {E 5% H 1 mol/L NaOH
W CS WY pH E 0% 34 4. 5. 6, k4
fEARAS, Hl4% BSI-CS-NPs JLi, 57513 BSI
R h 54.44% . 63.20% 69.65%. 68.32%:
A5 CS W) pH {H % BSI-CS-NPs [ £, 35f 2 5 i
K.

(2)TPP %3 pH 1 540 : 2251 1 mol/L HCI
WA TPP WK pH % 8. 9. 10, 11, 44
ANAZ, %% BSI-CS-NPs FLifil, 14514 HH BSI &
DN 67.92% 67.04% 72.86% 68.21%;
A4 TPP ¥ pH {4} BSI-CS-NPs (1) {03 % 510
AR, FURIESRE TPP WM pH E R 9, AT
pH fE.

(3D B 52w 5353 H 200+ 500+ 1 000 1 500

r/min HiFE, HARSATFAAE, Hil#% BSI-CS-NPs FLi,
THEAS 2L BSIEE %R 60.13%.64.55%-70.17%-
72.14%, WE1EGEXT BSI-CS-NPs 434 L ui AN
K, HEEH P2 Sl BSI-CS-NPs FLUk i, %5
GENE, WHEEE A 1000 r/min.

(4) HFAERFEW: 77al$ N BSI5, 10, 15,
20 mg, ALK, Hl4 BSI-CS-NPs L, i1
FAS R BSI WEF Ny 49.24%. 68.13%. 72.46%-
73.82%, AJANIFZEXT BSI-CS-NPs )13 3% 52
LN

(5) CS 5 TPP i ik BELLI¥ g : CS J2PH &
THRMMIT, 15 TPP $e b R FAH AR,
i CS KA T WG IRIZEE, AT ARk CS 442K
Rl TPP 15 CS 4TI AT A e A 3ot P 1 5
B, DRI AAKRL ) T R AT AR 22 1) CS F TPP Jit
RN KA. 24 CS A TPP it ok 8 ik ak
BE I, B TCIE TG AN KR, B R B
A EES, HAALE CS Jii&E R 75~125 mg A1 TPP it &
4 10~30 mg I}, Bl CS 5 TPP iRk L 4 0 1~
701 IRULEEF B Skt SO IR AN KRR AR TR B
(K 2).

60 A F Y A A A A

0 — A A A A A F Y
§ 40 - A A A A 'y -
e _ A A A [ 3 L] L g
& 50 A A . . . ]
| L L] L] | | ] | ]

0 | | |
0 50 100 150

CS/mg

A-DUE @-AUKKIA M-RE R
A -precipitation  @-nanoparticles M-clear solution
B2 FREENARRR AN XEE
Fig.2 Scope of chitosan nanoparticles formation

232 Bl RRERERASRLRER CS
(A). TPP it (B). BSI 2 (C). CS ¥ pH
6 (D) %F BSI-CS-NPS {3 IKE MK,
AU Lo(3Y) IEACHRWIFS: DM, Mg
HMORIAR A 847bR, ALAETT T2 M a M
2y B KA E A 1, Rifei/AMERCR 1, TN
(SR KBS SN s ) 1 A S A Cing AN (E R 2R N
w/ME) 1 (RbR O — fibr i ME) ;s R RREAR SR
J& =1 —({RbsE —fabrd/ME) /1 (FEbr iR —
AhriR/IME): ZRE TR =B A m B + Hh ok
JE Rt m L. TS TR AN,
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R B RARARKIBE R AR BO 1. B
Wb R SRR REAT 2 AL BN T ZE 70 M o 5 R LR 1. 25

MeZE R S W% VR RHEFR SRR E, RIBUK,
SRR IO . 3R 1L 2 W0, AR 4 MR
R HRMMEFZRE KU D>B>C>A; #i#] CS
VAV pH BRSO, TPP otk MR 24 5

W ILIR, 1 CS IR B 5 R/ N e 7 ZE o0 Bt
KA TINE A, NE D AEWEEZmN (P<
0.01), K& B. C A EE®W (P<0.05). %A
IRTUL B, WD E B T 45 ABoCsDy,
RIS B /& 100 mg, TPP fli 4 20 mg, &y
15 mg, CS W pH K 4.

F1 L) EXRIBZIHELER
Table 1 Design and results of Ly(3*) orthogonal test

W5 A/mg B/mg C/mg D HEE /% WE /% 4% /nm LREVES

1 75(1)  10(1) 5(1) 41 51.47 2205 196.1 2.00
2 75(1) 20Q) 10Q2) 50 70.72 1433 759.2 132
3 75(1)  3003) 153) 6Q3) 69.21 9.24 800.0 1.00
4 100 (2) 10 (1) 10 (2) 6(3) 45.47 17.49 528.6 1.07
5 100 (2) 20 (2) 15(3) 4(1) 68.73 26.68 326.4 2.50
6 1002)  30(3) sy 502 55.15 2.69 494.1 0.80
7 1253) 10(1)  153) 50 78.19 14.00 691.1 1.65
8 1253) 20(2) sy 603) 60.93 12.76 7175 1.03
9 1253)  3003) 10Q2)  4(I) 70.92 9.29 564.5 1.44
K 1.44 1.57 1.28 1.98
K, 1.45 1.62 1.28 1.26
K; 1.37 1.08 1.72 1.03

R 0.03 0.18 0.15 0.32

F2 HESH "

Table 2 Analysis of variance

WERIE WWETVIIM AmE hE OFH  BEH
B 0.059 2 0029 48.19 P<0.05
C 0.043 2 0021 3493 P<0.05
D 0.163 2 0.082 133.68 P<0.01
A(IR%) 0.001 2 0.001

Foos(2,2)=19.00  Fp (2, 2)=99.00

24 AT ZHIEUER IS

PR TEAT IR, T 3K, 4
FALBEA (68.7310.26) %, #ZGHA (26.68+
0.12) %, kifehy (326.4%+7.2) nm, Zeta HLAI N
(45.7£0.36) mV.
2.5 BSI-CS-NPs R4
251 APUIBIR ARECHEDEG, . BN A
FLOGHIFLA
252 FEWHEEUWE RIS IR T &
BSI-CS- NPs FLif, HUEEILBmAEH v b, F13
T 5 S F A W82, BSI-CS-NPs [ ) —
(PERTE SEARRL T, DL 3,

e

" 4

.. h”.
| "

R
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;
A e
, » *

3 RREHNARLESE
Fig. 3 Transmission electron microphotography
of BSI-CS-NPs

253 kiRl £WE, BSI-CS-NPs Fifth
326.4nm, Z4rHE$E%EC (PDD 4 0374, LK 4.
FiAT LIz S B 82 45 A 22 50K . LS DR Y 2
DR E 43 AT ASCIR) AR Jir B AR FH ARSORE T D' PR S B
5, RIORRIORE ™ A2 ISR /AN, /NRORE ™ A2 PR FU R
£ OR B B BRI B 2 A S RORLEE 23 AT, S 21 1) 5k
st — NG 2E RIS R B LARIME GhoKoRL R B R &
T2 B S M ASC IR I 5 5 SR e Ay i 2=,
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0.1 1 10 100 1 000
HFife /nm
4 BSI-CS-NPs i E 97
Fig. 4 Distribution of BSI-CS-NPs particle size

2.5.4 Zeta ALK 280052, BSI-CS-NPs [ Zeta
BN 45.7mV, W 5. 27 305 BOR TN,
Zeta WA CIEERS) B, AR E, HEMER
SIEOTUARPIR S, K2, Zeta AT (IEEG1)
G, A0 ) Tt 4 it 2, BRSO THER T,
I3 TR IR T R A B 4 ol 2 o Zeta WA — B AE
+40~+60, UEHHFLIRA R IRENE, Fiknr el
Vi BSI-CS-NPs F&5E o

—150 —-100 =50 0 50 100
Zeta {7 /mV

5 BSI-CS-NPs Zeta F.{i
Fig. 5 Zeta potential of BSI-CS-NPs

2.6 {KIMNEERL

2.6.1 BSI-CP-NPs #4MREBAS: Bl 0.1%5K 113
Iis 80 )AL BE Eh /KA A BB 5T, X BSI-CS-NPs %
10 mL TaET s, S5 5 mL B i,
FENTIIEE . BTSN G 150 mL B i
ettep, &1 37 CHEEHESHF, LL 100 r/min
(IR, BERS 0.25. 0.5, 1.0. 1.5, 2.0, 2.5,
3.0, 4.0. 5.0. 6.0, 7.0, 8.0, 10.0. 12.0 h H{ 5 mL
BT, TE I ANTE 5 mL BB B LRI HAA AR
A,

2.6.2 {RAMEETBUZE  BSI-CS-NPs (IR 2k W,
Kl 6, RIS AN B SR B BSI-

100
< 80+
M 60
=
D‘j’% 40 1 —— BSI
=
Bk . —®— BSI-CS-NPs
20
O4+—T—T—7T—T 7T T T T T T T T
0 3 6 9 12
t/h

6 BSI-CS-NPs 5 BSI Ry{ASME R th 4%
Fig. 6 Released curves in vitro of BSI-CS-NPs and BSI

CS-NPs 2B EAE 1 h Wik F 38.6%; 2RI EL
BSI-CS-NPs ¢ 2 Fr 2] ()4, 18 AR AR s a5 45
REIR, CS YRR EMZRIEM, 12 h RBUR
B 92.29%, 1 BSI £E 2 h ) SRR IR il ik 2
85.85%.

BSI-CS-NPs 2 n /N BB CRE = (C,X 150+
nzl‘lcmxs) / HnE
i=1
C, F G,y 43 AR ES n FVES n— 1 ANTUR: 15 BRSSO 1 T Bk
J% (ug/mL), RBBHUERR RMEH o ABHE 29
BEBCEAN TR BN E 25, FEMEATS Y a s
2.6.3 BEIBOUTFEA S0k s B ANK R R RE Ti
RO R Sy . — 2. Higuchi /7RIS, 450 W%
3o FUA Gl S U B A SRR A KR IR AR SR O 75
— A1 TR

®3 BREZERIER

Table 3 Fitting of release curve

AR U5 T R?
BRITHE 0=0.062 5 t+0.397 8 0.758 2
—RITHE 0=0.227 3 Int+0.440 4 0.976 4
Higuchi J7 7% 0=03797 1" 0.9479

2.7 BSI-CS-NPs & T#89%I&
2.7.1 BSI-CS-NPs # T3 1#fil#%  H( BSI-CS-NPs
FLBA L (10 000 r/min, 4 C), B0 JEHT
VE FHZIR/K A UG TR G L, IS B I UTIE 480
CHIAYR 120 5, AT 24 ho 193] BSI-CS-NPs
HH, B
2.7.2  BSI-CS-NPs % T-#} IV FeAr
(D) SPU: THEFRRET AR, ARG, A%
4, RIMIGHE, PHEHUB A DA B
(2) (P (P, Jofebt. pihgn .
(3) o fLPE: BT eSS 7K 1.0 mL,
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LZE AT BUBY S (S e

(4) KiftHl Zeta FAL: FRE 10 fi5)5, tHEOG
r 5 3 AT A
2.7.3 BSI-CS-NPs TRV FIMIERE K20
TR RS SRR 2 IO 20% R, I
BSI-CS-NPs FLiii, £-80 CHilA% 12 h JaukT
AURTHE, 19%) BSI-CS-NPs % T#. LIAMIL. 4
P TS LA SRR Zeta FEA AR
TR ORI AP =T A 5 48, B Al
R BREMM, FFED.

AT LA S AR 500 1 S A ™
EHIG, ML AR, FERE R R 5]
(IR R LT 304t 3 B ORI R, L i 5Eh
H I AR AW o 1 2 ORI R R R, L
FiAR A s /)N, UG-G SRS . H 8 N DL S A 4 B

(R 4. I, TR AT ORI

2.7.4 BSI-CS-NPs % T{&4 A m -5 7
SIECH] 0.1% 1% 5%+ 10%-. 15%. 20%. 30%JiE
PO BSI-CS-NPs FLifiH, £-80 C A%
12 h JG AT T, 133 BSI-CS-NPs % T-47,
PAARIL. (3 T3 HURE A KORAT AN Zeta WAL A 45
PRIEFERA R I T 5, 45 WA 5. MSE
AT LA S AR T R FLIR AT = FE I 22 40 IR
B PR O o B B N, ZE4E IS Ok B
W B, RTRE A H T RERE o 2 A B AR SR i
(WS ZEVE R, AT AR I G 2k (DRG0 & 2y
HOKE, BT IR AR, AR S 7 T 24 s
AL 53 B 0] DU ot A TR o o 0 5 i bkoke b o 25
G, P 10%FEHE A BSI-CS-NPs W fEH T
TRy

F 4 FEUREFRIPFIFS BSI-CS-NPs & F# B #2014
Table 4 Influence of different lyoprotectant on BSI-CS-NPs freeze-dried powder

s iail - o mEE AMSEFERS K2R /om Zeta AL /mV FAHUNTH /s
Pt EBASTE OISR

FLK 1 1 1 1 4 956.1 11.3 N

- it T 4 4 3 3 14 561.5 35.2 8
HERE 5 5 5 4 19 398.2 40.5 3

iER i 4 4 4 4 16 4542 37.8 5
AR 3 3 2 3 11 598.7 323 8

#z5 ARREDEFEEXT BSI-CS-NPs F T #9520
Table 5 Influence of sucrose at different concentrations on BSI-CS-NPs freeze-dried powder
. LN . . , , .
AP — . AMEOERSY RS /om Zeta AL /mV  FHUNE /s
Bt FE4ST O GEHEE

FL 1 1 1 1 4 956.1 11.3 N
ERE0.1% 2 2 2 2 762.6 22.7 N
FERE 1% 3 3 3 3 12 620.3 29.4 N
TERE 5% 4 4 4 4 16 537.7 34.2 10
10% 5 4 4 4 17 435.4 38.1 5
15% 3 3 2 3 11 412.1 38.9 5
20% 2 2 1 2 7 398.9 40.5 3
30% 1 1 1 1 4 385.3 413 3
3 g FERTI BST 15, AH ey 2 PR A BST (1) 514

BSI 2 H1 35 4 1PN AR 8 e 25 7 B 5 1P —
FER LG, HARBAN AT T Woas i S A
ARG A ol SR RO W S e, BRI ANJE L BST IR
el L, E B R AR ik 14 490 Jo 1) 2 EE RE T)

AR

18 BRI 1 5% 7 BRI A AR AN R A T .
AR P, AR A R A, &
IR =R, €S 5 TPP KT L
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YUE BSI-CS-NPs 2 A7 K o, H AR DR 200
BSI-CS-NPs {1 % JjUsi i 7 b 2 45 55 AE D
gb, fEHSE5EN BSI-CS-NPs LRI R4S,
FHALGE AR, AR T2 A e .
TEARKLER RS, S RIS & 2 U
RIWRBT  BEHRAEL A5 T A A, 29LEAKRT
S T PR B RS 2 24 R T A o 7 A TR A8 )
M. BRI R, CS WUKE M, fEghK
RER B T 2R KB =, SR T 2 1 VOB
JEGHAE, e 251 R REIE R B AN 1R g A
L CS MRS SRR, AR TR 2 BRI 22
FERBe, U e SEBE A AROR B AT MR
AT R, SR E R4 ) BSI-CS-
NPs JEARBEI, BLEEAATEA], HA R MAE %
AU I ZERENERE , O S I0 B8 1 LA A o
SE3HK
(11 5k =, W@E, M7, & JRFE WA 15
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