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WE. BE H &R (FASIRME =S58 G(SFG) m BAE(CTS) 4 k425 2%, SN Lyed . 45
YHRAKE., FiE KA EFRIBEH S FA-SFG-CTS 24 k4, VA Design—Expert 8.0 247 2 5%, # K
ZRBBRAM(TPP) 5 CTS RE ., SFC AZ ¥R AN OH R G T h, RAAATRIEHNES T,
MR, B4E, G FE RIS ESF LB EHARERITRIE, ER RHAFTHHEH 470 mg, TPP
5 CTS Ji=eA 0.1, TPP 4R 4 4.0 mLOGRE 4 2.0 mg-mL™"), CTSKEHA 2.0 mg-mL™", *t8 8.0 mLOGRE A
1.0 mg-mL™") o 24Kk -F ¥ 442 4 (169.03£1.89 ) nm, 4# % £ (PDI) % (0.18+0.01), Zeta ¥ 1% 4 (-35.2+
0.99)mV, @3 % A4(68.74x1.35)%, #2534 (8.25+0.16)%., vA A%WH FEBE A A TP A, f£-40 CT A
8h, —10 CTHHEFHE25h, 25 CTMHEFHESh, FpFEAFTHAMN, FA-SFG-CTS th K 5 H B G 12
(177.70£2.11)nm, PDI % (0.20£0.02), Zeta ¥ 1% A (-34.9£1.16)mV, &3 F 4 (67.34£1.41)%, RHZH
(7.82£0.18)% ., WO LR L, SFG R4 6 h MABEK A, ¥ EBRBHFELT) 98.34%; FA-SFG-
CTS #h K42 6 h T3 R B FEA D 71.34%, 36 h R BRBEHAFAZ 88.94% ., Hit ZE L w@mi% AT FA-
SFG-CTS 4 K 4k 7 hACIE AT, HALJE 89 FA-SFG-CTS th Kk fask Ffapid &, o %G, SBARETE.
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Abstract: Objective The preparation of folic acid (FA) —modified locust Sophoraflavonone G (SFG) chitosan (CTS)
nano drug delivery system is expected to achieve the targeted and sustained release effects. Methods FA-SFG-CTS
nanoparticles were prepared by ion crosslinking method, and Design—Expert 8.0 software with central composite
design and response surface methodology was used to design experioments for investigating the effects of mass ratio of
sodium tripolyphosphate (TPP) and chitosan, SFG dosage, and other factors on the encapsulation rate and drug
loading. Freeze—drying process was used to prepare the lyophilized powder, and the re—dissolved nanoparticles were
characterized from the aspects of particle size, electric potential, encapsulation rate and in vitro drug release.
Results The optimal dosage was 4.70 mg, the mass ratio of TPP to CTS was 0.1, the volume of TPP was 4.0 mL
(with a concentration of 2.0 mg-mL™"), the concentration of CTS was 2.0 mg-mL™", and the volume of folic acid was

8.0 mL(concentration 1.0 mg+-mL™"). The average particle size of the nanoparticles was (169.03+1.89) nm, PDI was
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(0.18+0.01) , Zeta potential was (-35.2+0.99) mV, the encapsulation rate was (68.74+1.35) %, and the drug
loading was (8.25£0.16) %. The lyophilized preparation was obtained by using 4% mannitol as the protective agent,
pre—freezing for 8 h at =40 °C, sublimation drying at =10 °C for 25 h, and final desorption drying at 25 °C for 5 h.
After FA-SFG—-CTS redissolved, the particle diameter was(177.70+2.11) nm, PDI was(0.20£0.02), Zeta potential
was (—=34.9+1.16) mV, the encapsulation rate was(67.34+1.41) %, and the drug loading was (7.82+0.18) %. In
vitro release results showed that SFG was almost released completely after 6 h, and the average cumulative release
rate reached 98.34%. The average cumulative release rate of FA—SFG—CTS reached 71.34% at 6 h and 88.94% at 36 h.
Conclusion The central composite design and response surface methodology has good applicability in the

optimization of FA-SFG—CTS prescription. The optimized FA—SFG—CTS prescription has appropriate particle size,

high encapsulation rate and significant sustained release effect.
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Figure 1 The IR spectra of FA-SFG-CTS (a) and FA-CTS (b)
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Figure 2 HPLC chromatograms of blank nanoparticle(A), SFG
standard(B), FA-SFG-CTS(C)
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2.2.9 JIFERDCRIRES A BIR R 1.0 mL Bk
FERR IR 6 4y, 43lE T 10 mL R, 45
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AR EEZZE, % “22.17 TN & ETRE
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e, S 18.0 em, HH: EJ5 A FA-SFG-
CTS ¥ 2.0 mL, PEMLWE = HI7E 1.0 mL-min™',
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(Wu/W) x 100%:
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AOEILEE 1, R BET M 550 L 2,

242 FeeBAE 5500 XY YL REALES T R
J5 220 A AN MRS R . VO BE LAY F (B R 43.39,
P<0.000 1, FHRIR2ZE AR BE; BRBMHHE R
B (Rad) fH 9 0952 6, HIEW v, H WA
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Table 1 The factor levels and codes of CCD
2 K-
-1.682 -1 0 +1 +1.682
SFG i &/mg 35 4.0 4.5 5.0 5.5
TPP/CTS 0.06 0.08 0.10 0.12 0.14
FA W/ (mg-mL") 050 075  1.00 125 150
®2 HERITSER0=3)
Table 2 Experimental design and results(n=3)
5 A/mg B C/(mg-mL™) Yi/% Yo/%
1 4.5 0.10 1.00 69.81 8.73
2 5.0 0.08 1.25 62.81 5.84
3 4.5 0.06 1.00 45.12 4.58
4 5.0 0.08 0.75 56.92 6.62
5 4.5 0.14 1.00 43.56 5.69
6 4.5 0.10 1.00 68.88 7.74
7 4.5 0.10 1.00 67.91 9.31
8 5.0 0.12 1.25 52.81 6.84
9 4.5 0.10 1.00 70.79 8.87
10 3.5 0.10 1.00 28.08 3.96
11 4.5 0.10 1.50 55.97 6.02
12 5.5 0.10 1.00 62.31 5.93
13 4.0 0.12 0.75 46.62 5.01
14 4.5 0.10 1.00 68.85 8.93
15 4.0 0.08 0.75 34.02 6.26
16 4.5 0.10 1.00 65.87 9.02
17 4.0 0.08 1.25 45.74 5.68
18 4.5 0.10 0.50 53.86 5.92
19 5.0 0.12 0.75 56.92 6.62
20 4.0 0.12 1.25 46.74 5.68

. A: SFG JHE; B: TPP 5 CTS ifEll; C: FAWRA; Y1. fE
%; Yz: &?ji

ATATAL AY B CHi2ERAER WA (P<0.000 1),
AB. BC Wi H A B #2 7 (P<0.05), HAhwiA L
F, TR FAEN 3.69, P =0.089 2>0.05,
I ATAS 3, 1d B [0 05 A DX BT I R
U, AT ] YA A AR AR ST S R S g 4 SR
1397871 o I Design—Expert S50 8K {44 X £ da 1447 9]
5341, 18 R Z 0 mARRLY ¥i=68.31+15.60A +
0.06B + 2.23C~ 11.80AB- 5.03AC— 10.80BC— 24.75A~
25.60B°-15.03C?,7=0.987 4; Y, MR F {Hh 25.68,
P<0.000 1, FUIBARIAEHR B3 BIAIE Radj* (H-N
0.921 2, RIRW Y {EMAEA 92.12%AK 5 Ttk 3 1
PE . M R o 2 MR s a4 A°L B2 CP i
ZRAEW B FH(P<0.000 1), ATHAREEF(P<
0.05), HAWIARZE, JHBEMI FEH 036,
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P =0.856 4>0.05, KRWWOAGEE, BEHRIE X
B LEAE L R Ao XSS B AT M S, 15
TIRZICIHE R ¥,=8.74+0.90A+0.25B-0.034C +
1.13AB- 0.32AC + 1.13BC- 3.87A%- 3.68B°- 2.85C%, r=
0.979 0.

2.4.3 ZEARAL ST F e AR L PR 3 SFG
Fit . TPP 5 CTS Jif It . FA YRS H AR 4KHRE
F BT R 2 R ) = el R, LA 3 A 4,
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B: TPP/CTS 006 350 A: SFG flikt/mg
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Figure 3 Response surface Y 3D curved

HZit/%

C: FA V¥
/(mg-mL™")
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Figure 4 Response surface Y, 3D curved

*3 TMFIREIMEAI LR (v £55 n=3)
Table 3 The comparison of the predicted and obserbed responses

(x +s; n=3)

it THRIME/ % A/ % RSD/%
fudstR 70.40 69.26 + 1.34 2.36
Hhm 8.77 8.26 + 0.14 2.07

2.4.4 YORRIRRIE 2 BEALAIAE 7 2 F 0 48 FA-
SFG-CTS gliKhki, HE 5 AL FA ~SFG-CTS 44Kk

C: FAREE 0507350 A: SFG filht/me
/(mg+-mL™")

050 350 A: SFG HH/mg

R 1 T 43T I RT LUE G 45 B R A 6
YER . TN HEAb I T2 SFG A 4.70 mg,
TPP 5 CTS Fifk [t 0.1, FA #JE K 1.00 mg-mL ™",
DL R ded: T2 AT R, 25 SR B R gk 2
11 S 5 TR 0 A 25 55/, 25 TR b D 22 34
INT 5%, BEHIRERIALG 80T, T LARLE M T 317
T, 25 3,

0.50 0.06

/(mg-mL™")

#H2h/%

C: FA WP
/(mg-mL™)

050 006 B: TPP/CTS

WM A B A IR IS B FLG o I IRORLAR
Zeta AT SEHEAR OSSR LR 4. B R A9 R 1 £
BRI HYIKRIER T Zeta HL A 256
HKT 25 mV B, HFEE I HRER, 990080
AL DA —FPRE IS, A RERE. Bl
T YR AL Zeta LA K -35.2 mV, 45X {H K F
25 mV, KT IR ENIESMFE,; MNERN
169.03 nm, JMHEZRE(PDI) N 0.19, FWA AN KK 7>
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Figure 5 The appearance of nanoparticles
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Figure 6 Zeta potential
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Figure 7 Mean particle size distribution
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x4 FA-SFG-CTS #KHARAVFFIEE (n=3)
Table 4 Results of FA-SFG-CTS solution determination(n=3)

Ei=tan X £s RSD/%
Wi /mm 169.03 + 1.89 2.74
I HUREL 0.18 +0.01 421
HLA /mV -35.2+0.99 3.93
A E2/% 68.74 = 1.35 2.41
2 E/% 8.25+0.16 2.38

#&5 FA-SFG-CTS #XHi7E 15 d AR EMIRIG L R (n=3)

24.5 FaEtEEE ¥ 3 4t FA-SFG-CTS 44 Kki ke i
TEW(25 C) . 4 CF-4 CHKFB AL, 20T
0. 1.3, 7. 15d 8, RIRUESMIL, I
R, HEFEENE ., FA-SFG-CTS 40K Ki7E 15 d
PIAMIL AR AR S5 L FR 5. 25 LRI AR 1)
Al AR /)N

Table 5 Results of stability tests of FA-SFG—CTS within 15 days(n=3)

0d 1d 3d 7d 15d
HRErC
B SR mEPERG SR mEPRe SR mERe S @ERe S G
25 - 68.74 - 68.28 - 67.25 + 67.09 + 63.18
4 - 68.74 - 68.69 - 68.70 - 68.46 + 66.35
-4 - 68.74 - 68.72 - 68.71 - 68.67 - 68.08
He - RRAE, UL e RAANIR, HOVFRE, IR 7 RRE, A

2.5 FA-SFG-CTS gk btk - .25

251 ORI EERE YR ORI RS AR H
B AR SR T ROR, AR ] SEA R R R R
L ANHIRG . ANEEE i B RIRE G T
B 2E N B ECHE DR R R P2 5 AR Mo Bl Ay
FLCHRE I, 484500 10 A6l 3EF T 1E5, 1
SIPREILER 60 AMIFRELET 2% . 4% . 8% . 10%H)
AR . RERE . TR H R EE R T ROR . 45 R
T, 4% H SRR TRCRERAE, Wk 7,

®6 IEIRITAIRE

Table 6  Score standard of indexes

ST SN % T EE s
0-2 PR, T I >90
3-5 B, 2. 4t (uETES 60-90
6-8 HMELLT | B RE [UEEENTE 30-60
9-10 A . RFRAAE S P HER <30

&7 FA-SFG-CTS WKHK 5 ARERARPHNEFETER
(n=3, 1)
Table 7  Lyophilization result of FA-SFG-CTS with different

cryoprotectant (n=3, scores)

kel W% AL % TR %
2 4 810 2 4 810 2 4 810 2 4 810
S 5778 4564 5657 3 8435
e 56 9 4 3 473 3643 999 4
Howt 4 8 37 2 4 43 55 6 4 810 3 2
SATEMY 14 21 19 19 9 13 17 10 13 17 15 14 20 27 16 11

252 BT TRy, WA Mgk g . FHET
PR RE R TR R R R AT TR T 5

DA T S AL . FRor i h e br, mA& e s T 1T
ZH: 4 FA-SFG-CTS 9K RIS 4% H #5550
WRIR )G 2 N, 7E-40 CHYTREE T T
8 h, WA THEHLE 2 h Wik T EAREIFFHE
£-10 C, ¥ 25 h; RJE#HE 2 h WIEEREF =
25 CIHF4Ed 5 h AT TR BRI RZE, MAAH
H, BIFE FA-SFG-CTS 4K THi51 .

253 HTYURRLRIE  7E FA-SFG-CTS 9 Kpis
WA 4% H &, WRET TEZHT% T, H
B8 ] WL R Tl R AP e 5], IR, i
by, PR, h & 9 n] UL g Kok 5 A 1R S Bk
., WEBRIEHRAR . Zeta AT ZE45HR, 4550
8, H “2447 WUNMEEEMLL, )G R
TR Y R S A B RRAL, (BAER
., RUR T AUORR AT I 25 515 00 5 9K RLHY
Zeta HLAT A XHH BBEAT AR/, (HRT 25 mV, RUIA]
FRUEAE; FARBAZR, HAaMREJLFRA
AL, Zeta LA EIFRIAE A IR 10, & 11,

254 RTYURRARIMBEIISE  FE BRI FA-SFG-
CTS KRR T 417 43.57 mg (4024 F SFG2.03 mg)

B8 ETFHIFISIA

Figure 8 The appearance of freeze—dried preparation
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B9 HTHIFEFEFEE(x87 000)
Figure 9 FA-SFG —CTS under transmission electron microscopy
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Figure 10 Zeta potential (n=3)
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Figure 11 Mean particle size distribution(n=3)
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Table 8 The results of FA-SFG—CTS freeze—dried powder(n=3)

Bzt X s RSD/%
Kt /mm 17770 + 2.11 2.30
IIEUREL 0.20 +0.02 445
HLA /mV 349+ 1.16 4.66
F351% 67.34 + 1.41 2.57
/% 7.82+0.18 2.95

% 20.0 mL Az #EER K30, BC I AR A 1) SFG
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Figure 12 The cumulative drug release rate of FA-SFG-CTS
and SFG in vitro(n=3)
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Table 9  The fitting equations of FA=SFG—CTS powder on quantity of accumulation delivery

TR REAY FA-SFG-CTS 444k SFG

T T 0=1.7841+40.58, r=0.721 0=13.46:1+30.33, r=0.877

— i 0=82.23(1-¢"*"), r=0.984 0=98.99(1-e"""), =0.995

Higuchi 7574 0=13.61:"+22.84, r=0.877 (0=34.061"+11.16, r=0.964

Weibull J7 4 (=8 786 { 1—e 0330w sl 2% () 905 0=101.49 { 1—e 0701026 20 989
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