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% E:. B8 EAEACH R BRSO e R SRR IH [ - 5% BRI 4B TS [(S-cholesten-3B-yl)(D-glucopyranose-6)
sebacate, CHS-SE-GLUJ, H-3 FAGMAIMAEAZ B NG AR 8 4k Ty RIL T 2T . Fa5k LU D-RI%E WA i -6 1 JIEL ]
P -Z& TR Al (CHS-SE) A UKL, 7F PSR b I F BB Wil Novozym 435 # 4k ik CHS-SE-GLU, Al MS. NMR %}7=
YT AR AL, R WS B0 % CHS-SE-GLU A& 45 1) o #1 [n] 28 S AZ B g B4 (GLU-PTX-LP), Jfa ik £ D8 32 7% 80)
HA ATy B T e T4 R & CHS-SE-GLU £ MS. NMR %52 0 HFRP=4), S HASMH) GLU-PTX-LP 5 fE:
FA T TENRAENKGBENE (HSPC) RN, HSPC 5K (PTXD W2 0.1 01, JHER (CHS) 5 HSPC Wt
B9 0.5 01, “HEAREEBEARELH W4 (DSPG-Na) HI&E 4 2.5%, sKALIE Y 0.5 h, KALIREEA 50 C. KA ER T E407
W4 3 HERESN, M AER GBI (93.6221.34) %. (93.75+£1.77) %. (92.04+1.50) %, FEkifEs 5K (89.56+1.35),
(92.05+£3.42). (104.91£3.71) nm, Zeta AN (—25.214£0.27). (—26.43+0.44). (—25.174£0.65) mV. it FH
YIRS S M R S R, LA, R, IR BN GLU-PTX-LP {2, Kife KASE tERF
HER, NS R
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Lipase-catalyzed construction of glucose-modified brain targeting liposomes with
paclitaxel and research on its optimized preparation process

NIE Hua, LIANG Xiang, ZHAO Ying, ZHANG Sheng-yuan
Medical College of Jiaying University, Meizhou 514031, China

Abstract: Objective To synthesize brain targeting lipid material [(5-cholesten-3B-yl)(D-glucopyranose-6) sebacate, CHS-SE-GLU]
by lipase as catalyst in nonaqueous phase and optimize the preparation technology and formulation of CHS-SE-GLU-modified
liposomes. Methods CHS-SE-GLU was synthesized from CHS-SE prepared in previous work and D-glucose using lipase Novozym
435 in acetone. The structure characterization of the products is obtained by MS and NMR. The CHS-SE-GLU-modified paclitaxel-
loaded brain targeting liposomes (GLU-PTX-LP) were prepared by thin film dispersion method. Single factor evaluation was applied to
optimizing its preparation technology and formulation. Results CHS-SE-GLU was confirmed by MS and NMR as target products.
The optimal formulation and technology of GLU-PTX-LP were as follows: HSPC as membrane material, the ratio of HSPC to PTX was
0.1, the ratio of CHS to HSPC was 0.5, the dosage of DSPG-Na was 2.5%, hydration time was 0.5 h, and hydration temperature was
50 °C. Three batches of samples were prepared by optimum preparation process and the average encapsulation efficiency was (93.62 +
1.34)%, (93.75 + 1.77)%, (92.04 + 1.50)%; The average particle size was (89.56 £ 1.35), (92.05 + 3.42), (104.91 + 3.71) nm; And the
average Zeta potential was (—25.21 £ 0.27), (—26.43 + 0.44), (—25.17 + 0.65) mV, respectively. Conclusion Lipase-catalyzed method
for the preparation of brain targeting lipid material is simple and environment friendly with high yield. The entrapment efficiency,

particle size, and stability of brain targeting drug-loading liposomes modified by CHS-SE-GLU all meet the requirement, which shows
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good application prospect.

Key words: cholesterol derivatives; liposomes; glucose transporter; lipase-catalyzed; brain targeting; nonaqueous media; film

dispersion method; paclitaxel; biocatalysis

Ik 2 SR s P PN WL R R AR T R SR VR 1
PEIR, SR TR TR B4 M el > SR At i,y
it A FIIRT ) 35.26%~60.9%"" 1 LS £ T 1 i 5 i
(blood brain barrier, BBB) [FJ47-7E, il 14677 75 5K
AR AEASE 245 4t N g 2H 23 M TS 28 % e 4 B 1)
EH. HEE BBB MWL Semg b, HasfhnG
Moz A =R, RVrieldlidy R4 40 i
fbEiz, b R gz P4, BBB K
fEEds KR He B & A, LA is &
1 (glucose transporter-1, GLUT,) ;& BBB H i 5
RS AL, 75 BBB 35 3 K 240 2 I 21 4 i s
SRHABALZAR 10 657, FIH GLUT, #ig kS
YEH, Bk 5840 (glucose, GLU) 7 FHEX,
A SRS BBB #iz
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IR N YE, ATl b Bl IE . A P R
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A&, WA RENR BT ES i BBB, W N2

DU, A IR TR 2 —,
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OH PRfb Mo ik, A AL vh—F 5 F 45 B
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Bl {E Novozym 435 fi#fbF, #E#ES GLU L
Co-OH BaAb AR, 75 280 o 402 ) i A4 ARk L ] et -
28 T PR-F A HENE [ (5-cholesten-3B-yl) (D-glucopy-
ranose-6) sebacate, CHS-SE-GLU ] (& 1), ¥ CHS-
SE-GLU 1 A ) 3k 55 Wl  IH [ S2AZ 0 (PTXO
SR 2% i B ) 8 A2 G iR (GLU-PTX-
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Fig.1 Lipase-catalyzed synthesis of CHS-SE-GLU
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N, T OB 2 R A AT IR 7] ;. BS110s
MEF iR, 48 [H Sartorius 24 7] ; RE-5299 Y
BB RAL, TR AR TGL-16MC ¥
PREOHL, KIPWIBEE LA PR 2w

JIE[# % (cholesterol, CHS), Jiit 4 %(>98.5%,
Al A90719, AAKE ARt S K =0k
i (hydrogenated soya phosphatide, HSPC, 1-f54i
P L -2 T IR B B IR it 2 20> 98%, A kT
B40932). & Hf/lE (egg yolk lecithin, EPC, Wil
TR AF 05T 73 50> 98%, 2B ik AL14015), HAR
ekl IR IERE AR EE H el (distearoyl
phosphatidylglycerole sodium salt, DSPG-Na), yi:4f
9, il AR BR A ] s 25422 (paclitaxel, PTX),
BRI >99%, KNIERCEVBEARGRAT; M
¥ H, kUL, Sigma-Aldrich Corporation;
Novozym 435 [ EAL IR, VaLE(S AR R
/~); Candida rugosa Lipase (RCL), Sigma-Aldrich
Corporation; D-7 %k (D-glucose, GLU). 28
M. LMROIRNE, LMok LM LTRE. Webn
12, Bpr TR PR A ) LB, R
RsAMRAR; Bk, FERUHREBHE (h
ED AR AR OISR, S TAHRS
Hy AHEE, BERRCER. Rk . & &
e, R KO Bl 2K
2 HBESER
2.1 [EEEBER A # CHS-SE-GLU & &
2.1.1 PR MBS (divinyl sebacicacid, SE)
(R4 B SERIRAE SE I 2 8 TR IT
R T7, RS . FREL 72.8 g 28 &, 150 mL
LR TR 2.1 g LIRSt 1M, I3 250
mL = SRt . AT EIRP B = H Sk
£ 50 CIREIRAHHINFAFFHEFE, 10 min J5HIN
0.25 mL #GR, MM 8h. NSEH)E, AL 2g
LIREN A 3 723 LA BRI « /KSR 28 v 23
HEER CIREES, KRR ORI SR AT 01
FA e -BE IR LG (9 @ 1) SEJEPEE, 4> 243 )4l
fh TR AN 95% LA ). 4lifh4: MS. NMR i
BORVEAT G0 55 O HAR o i Bl an F
ESI-MS m/z 277.22 [M+Na]’; 'H-NMR (500 MHz,
CDCly) o: 7.28 (H-37, 37', m, 2H), 4.87 (H-38, dd, J =
14.0, 1.2 Hz, 2H), 4.55 (H-38', dd, J = 6.3, 1.2 Hz,
2H), 2.37 (H-35, 28, t, J = 7.5 Hz, 4H), 1.65 (H-34,
29, m, 4H), 1.33 (H-30~33, m, 8H); "C-NMR (125

MHz, CDCly) d: 171.2 (C-27, 36), 141.6 (C-37, 37'),
97.8 (C-38, 38'), 34.3 (C-28, 35), 29.4 (C-30, 33),29.3
(C-31, 32), 24.9 (C-29, 34).

2.1.2 PR A B B B -5 R s e L (S-
cholesten-3B-yl) vinyl sebacicacid, CHS-SE] & &% #4
Tl B GEHEIR M, FREX 1.3 g SE. 1 g CHS,
MK b S i, B THEEGRT
45 CH<#2 30 min J5, JIA RCL 200 mg, )3 24 h.
RNV AR T, wEIdERE RCL, L8 E T15%
B4, SRJG G R R, 0 CTRiRE 24
h AT AR T ECAEHE, 15 R R, R 2T 95%.
FEYIEERZE MS. NMR %5 0 B A4, R a%dE
R : ESI-MS m/z 619.51 [M+Na]"; "H-NMR (500
MHz, CDCly) 6: 7.28 (H-37, m, 1H), 5.37 (H-2, d, J =
4.5 Hz, 1H), 4.87 (H-38a, dd, J = 14.0, 1.5 Hz, 1H),
4.61 (H-3, m, 1H), 4.56 (H-38b, dd, J = 6.3, 1.5 Hz,
1H), 2.38 (H-7, t, J = 7.5 Hz, 2H), 2.31 (H-28, d, J =
7.3 Hz, 2H), 2.26 (H-35, t, J = 7.5 Hz, 2H), 1.99
(H-15, m, 2H), 1.78~1.04 (m, 36H), 1.02 (H-24, s,
3H), 0.91 (H-25, d, J= 6.5 Hz, 3H), 0.86 (H-22a, 22b,
dd, J=2.3, 6.6 Hz, 6H), 0.67 (H-26, s, 3H); C-NMR
(125 MHz, CDCly) d: 173.4 (C-27), 171.0 (C-36),
141.4 (C-1), 139.9 (C-37), 122.75 (C-2), 97.6 (C-38),
73.9 (C-3), 56.8 (C-4), 56.3 (C-5), 50.2 (C-6), 42.5
(C-8), 39.9 (C-9), 39.7 (C-10), 38.3 (C-7), 37.2
(C-11), 36.8 (C-12), 36.3 (C-13), 35.9 (C-14), 34.8
(C-28), 34.1 (C-35), 32.0 (C-15), 32.0 (C-16), 29.2
(C-31), 29.2 (C-32, C-30), 29.1 (C-33), 28.4 (C-18),
28.2 (C-19), 28.0 (C-17), 25.2 (C-29), 24.7 (C-34),
24.4 (C-20), 24.0 (C-21), 23.0 (C-22a), 22.7 (C-22b),
21.2 (C-23), 19.5 (C-24), 18.9 (C-25), 12.0 (C-26).
2.1.3 FE{EAH CHS-SE-GLU M &5k E£AE  HUE
FEHMEIZM, FREL1 g GLU. 6.6 g CHS-SE, MG
KGR, BT IHEE ST 45 CHRAE 30
min Jii, JIA Novozym 435 i, XMW 12 he &M
ZEW A, JEILER 2 Novozym 435, 2S5 iE+
1R it o R ot R A i Al S A5 R A
WKL) 92%. P45 MS. NMR %55 4 H brp~
Y, BAREHEL . ESI-MS m/z 755.59 [M+Na]';
'H-NMR (500 MHz, CsDsN) d: 5.90 (H-1, d, J = 3.5
Hz, 1H), 5.42 (H-2, m, 1H), 5.09 (H-6a, dd, J = 1.6,
11.2 Hz, 1H), 491 (H-5, m, 1H), 4.87 (H-3, dd, J =
2.8, 5.6 Hz, 1H), 4.84 (H-6'b, m, 1H), 4.76 (H-2', t,
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J=9.1 Hz, 1H), 4.23 (H-3', dd, J = 3.6, 9.5 Hz, 1H),
4.14 (H-4, dd, J = 5.9, 12.4 Hz, 1H), 2.54 (H-7, m,
2H), 2.40 (H-28, t, J = 7.5 Hz, 2H), 2.33 (H-35, m,
2H), 2.05~1.06 (m, 38H), 1.03 (H-24, s, 3H), 0.99
(H-25, d, J = 6.5 Hz, 3H), 0.91 (H-22a, 22b, dd, J =
1.2, 6.6 Hz, 6H), 0.68 (H-26, s, 3H); "“C-NMR (125
MHz, CsDsN) d: 174.1 (C-36), 173.4 (C-27), 140.4
(C-1), 1232 (C-2), 94.6 (C-1), 75.7 (C-2'), 74.8
(C-3"), 74.2 (C-3), 72.7 (C-4"), 71.3 (C-5"), 65.6 (C-6),
57.2 (C-4), 56.8 (C-5), 50.6 (C-6), 42.9 (C-8), 40.3
(C-9), 40.1 (C-10), 39.0 (C-7), 37.6 (C-11), 37.2
(C-12), 36.9 (C-13), 36.4 (C-14), 35.2 (C-28), 34.8
(C-35), 32.6 (C-15), 32.4 (C-16), 29.7 (C-31, 32), 29.7
(C-30), 29.7 (C-33), 28.9 (C-18), 28.6 (C-19), 28.6
(C-17), 25.8 (C-29), 25.6 (C-34), 24.9 (C-20), 24.6
(C-21), 23.4 (C-22a), 23.1 (C-22b), 21.7 (C-23), 19.8
(C-24), 19.4 (C-25), 12.4 (C-26).

2.2 HEESBCES% GLU-PTX-LP"

FE b )7 B KB HSPC. CHS. CHS-SE-GLU.
DSPG-Na 2844}z PTX ¥ Tid K&, B
TN AR R LA, SIS, B
TR TSR AR KSR, T—
SEWE R, AKib—@@m)E, H#EA 5 min
GHEFERR) 2 s, [HBEESE] 2 s, T4 300 W), &
JE3))5 (60 180 MPa, % 3 1K), BIf§ GLU-PTX-LP.

o R T, A PTX, R L,
il 24 732 IR T
2.3 GLU-PTX-LP €3 ZE
231 ki (i XBridge Peptide BEH
Cig B GEEHLAE 13 nm, 250 mmX 4.6 mm, 5 um);
AN A /K (70 0 30); HERER 10 ul, Aok
228 nm; PTX BN [A] 8.56 min; fAFRUiE 0.8
mL/min; FiF 35 C; BESESHRECRT 3 000,
232 PTX XM K% FOE PTX X
M 1 mg, BT 10mL BT, HAOm e, PTX
X R BT R B2 100.0 mg/Le
2.3.3 AT B GLU-PTX-LP 1 mL
BT 10mL BT, T OB E A2 2
234 AR TS EEMERA 1 mL
BT 10mL =i, OREHEWIEE AR L ERIA.
2.3.5 JiETEME DO RS B TR
o2 AR RO W% IR A AR AR T, 45 R AE
“2.3.17 WA R, PTX AR B8 5 BT,

WA E, TR At PTX Bl £ 48, W
K2,

PTX
, I
B PTX
C
0 2 4 6 8

t/min
2 PTX %H&& (A). GLU-PTX-LP #& (B) fizzAxt
B (C) i®i&AI HPLC
Fig. 2 HPLC of PTX reference substance (A), GLU-PTX-
LP sample (B), and blank (C) solution

23.6 ZMERRFH EHE PTX & &, H TR
WARTLHIRL 1 mg/mL (11X JE S i 5 T RS B RS —
SE A A TCHIRE 0.4 1. 5. 104 20, 30. 40.
50~ 75 100 mg/L RAINGEH, AN 10 pL, %
“2.3.17 WSS AT, SRR . LU
WEE (O MiAbby, WemARRUME (4D hP AR,
TR A=23 868 C+1 257.4, 1¥=0.999 9
(n=3), &R EW, PTX 7£ 0.4~100.0 mg/L, U
S R B 2 R C R .

2.3.7 KEEEERK: B PTX S VTR, JESE R
6 K, % “2.3.17 A% A€ PTX IEiF, RSD
H1.05%, FRIHIE IR BT

23.8 FEMERE  WHHS S, a0y 2.
4. 6. 8 12 24 h 3 olidbRE, 3% “2.3.17 T4k
I E PTX WETHIAR, RSD N 2.29%, #£HW] PTX &
WAE 24 h WERFFERE -

2.3.9 HEEME KRR — 0 6 4, F
I mL, % “2.3.3” Ii N J5ikHil#% 6 4> GLU-PTX-LP
PR SR, % “2.3.17 TSI E PTX UETH
B, d “2.3.67 T T [T R S A e PTX (1)
i 44.95. 45.28. 44.70. 44.72. 44.62. 44.30 mg/L,
JLRSD 4 0.67%, KU ITEHRBNER I .

2.3.10  AEEDECERES SRR RS PTX A
MR (100 mg/L) 0.25. 0.50. 0.75 mL i A% 0.5
mL 7 (AR, H OB FLE A4 10 mL,
B FRIKE N 2.5 5.04 7.5 pg/mL AT, 5
SIHERE 10 L, J5E PTX WETRIAN, AR IRH 7 715
BRI E TR, VHE IR & RSD. 4559 3
AN TR P RE T3 IR 4 0 99.20%

98.60%- 98.67%, RSD 4 0.29%. 0.28%. 0.43%
(n=5), FRXYPLEIEM N RN T 98.0%~
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102.0%, RSD<<2%, [MIWCRFFAEK.

2301 ALEPRKIE SR O B AT k.
B GLU-PTX-LP %W 0.1 mL T4EE &0, 1
BAUKFRERE 1.1 mL, %), 1 000 r/min 2L 10
min. W FIEW 1 mL, IIAfREEME 1 mg, B2,
10 000 r/min 20> 15 min £ 2 LG, BRFARDTHE
FRBAKIEGE 2 K, )i T ia B DTiE H L s
fEEZAE 1 mL, GRS Sy HBEEAHHT, KA
Cy; 7 H GLU-PTX-LP %% 0.1 mL, ZEEREFLE A
%1 mL, $IEFEES S, dHAH T, Wl ¢,
BR{EAX (BEHE=C/Cy IHH.

2.4 GLU-PTX-LP &b AR T Z &Mk

2.41 Sttt K SPSS 22.0 it ikt Kt
HEAT BN 37 22000, AL S LB ] F R G
P<0.05 25 A gt 27 Lo

2.4.2 WEHEFIEXT GLU-PTX-LP 5% #ife 2
oy SR ST AR IEAE () = ZE Ry o SR AN RN Bl 2 i I o
MR, HER, RiE. Zeta AL M FE M
AR [ HAb g A, 43HIEL EPC. HSPC &
JEAA 4 GLU-PTX-LP, %% H XA dF K (1) 5400
gE N SPSS 22.0 T b, IVBENE RIS £
B, Zeta NG R FE VW, SRR R0 T35
(P<<0.05). &i%un3k 1 s, HSPC HI#53 RN ik
fu %5 BPC =, (HREE KT EPC, Wi Zeta ML
AL, HSPC HEALIENE, SAfbfee vk E T
EPC. %5558, e HSPC 1E MM,

FR1 EEAEFHEENT GLU-PTX-LP B9800 (X L5, n=23)

Table 1 Effect of different phospholipids on GLU-PTX-LP
(Xxs,n=3)

WEMERRE R /%  Kiffmm  Zeta HA/mV PDI

EPC 8446+ 1.75 89.25+1.50 —-25.95+0.49 0.2451+0.042
HSPC  88.36+1.08 163.20£2.36 —23.65+0.78 0.194%0.007

243 Zyfigtbxt GLU-PTX-LP [J55m0 g BiAk Xt
ST AN A AT, S E 2Rt Sk
NE AN E 29I 2, ACEE 2, I Bk
WITEAR A ) AAT R, e 2y sy a8 g Ak m)
i b B YR B AR, [ B BRI I () )
] 52 HAth 41, %8R R PTX 5 HSPC HLfi] i &
tt) % GLU-PTX-LP [J5¢0i. 45451 SPSS 22.0
BAFHT, B R S GLU-PTX-LP fuds %, fi
18 Zeta NI WE T (P<0.05). 45RW%
2 iz, BE# PTX 45 HSPC HLWIZWs K, fudshs

SRR GRS, SO AR R RTRT, 5N
(1) PTX # BRI, Aldsh Rk I8 2T A
Jei s IR PTX 43U TR RS, fdsh 2% i B
k. X PTX 5 HSPC LLfh 0.1 ¢ 1, fdRigE.
2.4.4 /G5 I EE LG GLU-PTX-LP #5200
CHS 1E R AE R, IAZ I BE3E g ot A X1
S FIRRIREh T, Wb SIS, B e R A
R, HRE ) CHS 25 b IR ARy 12
A, FEAYAE TR BT HARSM, HE
N[l CHS 5 HSPC Lb#i itk X%} GLU-PTX-LP
IS . 45 55N SPSS 22.0 B0 #r, Sonmilg
B HE % Lg% GLU-PTX-LP fudf ., ki, Zeta
WAL B (P<<0.05). Z5R WK 3, M
CHS 5 HSPC LUAEIG R, AL 285018 K k)N,
MILIUEN 0.5 ¢ 1 I, AL g, BRAf 2 HSPC
5 CHS LL{EHR 0.5 : 1.

2.45 DSPG-Na HHX} GLU-PTX-LP ¢ 4
JIE AR R TR A1T FELAT I, Zeta HLAARRR R 7R BTy
M2, AT RS g R R LR R, R
I i R RE LR, AN ) P AR e, M3
Mk ke e v, ARttt HoAh 4
fF, %%% DSPG-Na $ & 5B HEA R FE 4 L
%} GLU-PTX-LP (5400 . 45 % SPSS 22.0 #A4:

%2 ZHRELE¥ GLU-PTX-LP 8980 (X s, n=23)
Table 2 Effect of different drug-lipid ratios on GLU-PTX-
LP(x *s,n=3)

PTX-HSPC fui#/%  Fiff/mm Zeta Hifi/mV ~ PDI

0.050 : 1 78.35%+1.41127.25+0.49 -25.50+0.14 0.262+0.016
0.075: 1 86.37%2.16 168.20+0.73 -24.25+0.21 0.228+0.015
0.100 : 1 89.67%1.00 164.77+0.73 -22.85+0.07 0.289+0.022
0.150 : 1 83.7740.04 175.22+1.40 -27.60+0.28 0.254+0.021
0.200 1 1 66.4840.67 282.34+1.57 -26.85+0.07 0.197+0.013

*= 3 wEESREEELHIF GLU-PTX-LP BIEME (X *s,
n=3)

Table 3 Effect of different lecithin-cholesterol ratios on
GLU-PTX-LP (x £s,n=3)

CHS-HSPC {u#%/%  kif&/nm Zeta HA7/mV PDI
0.750 : 1 83.4610.70 180.71£3.59 -25.5040.14 0.186+0.009
0.500 : 1 88.141+1.67 164.86+0.67 —24.75+0.49 0.19140.004

1
1
0.250 : 1 86.98+1.28 162.53+0.11 —24.1510.07 0.363+0.069
1
1

0.175: 1 82.98+0.50 94.83+3.01 —20.45+0.07 0.17410.026
0.125: 1 80.27£1.27 94.524+0.05 —19.60+0.28 0.183+0.006
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5387, 78 DSPG- Na HI &%) GLU-PTX-LP {5
To S FVE S, WPRiAR. Zeta FELATIAA B MEE T
(P<<0.05). &5 5H 1.3 4, DSPG-Na {0 A\ n] i 218
BAE AR M A A, 24 DSPG-Na JH& 55 i
HON 2.5%M1 5%, AR ARG, Zeta HILT
A EA Y 30 mV, F%E3| DSPG-Na &5t (K
¥, EAEHEN 2.5%.

4 DSPG-Na 23 GLU-PTX-LP 9508 (X +s,n=23)
Table 4 Effect of different DSPG-Na contents on GLU-
PTX-LP (Xx £s,n=3)

DSPG-Na
. LR /%

H&/%
10.0  89.63+0.26 164.75+1.34 —42.65+£0.07 0.2601+0.019
5.0  90.02%2.09 104.70+1.13 -31.25£0.35 0.22940.015
2.5 8743+2.04 88.76+1.97 -32.15+0.21 0.192£0.010
20 86.98+1.28 161.90+0.99 —24.50+0.42 0.189£0.005

Bifdmm  Zeta Hif7/mV PDI

2.4.6 KALIFIAIRT GLU-PTX-LP (K50 — @2
KA 107 By 11t - L ] 7k P 5 ST o A
T, A K KA ] 25 5 12 2 W0 R o 4k (1) 4
SEER TR, B, FHEAFR KR
(M)} GLU-PTX-LP [5¢mi, &5 44 SPSS 22.0 4k
5307, EoRAKALIS TR GLU-PTX-LP fEHR . fi
12\ Zeta AT B0 (P<0.05). I
5, 1 h /KA T3 3 g 0.5 h KA [A] 40 4
BT 1 h, (HREY Zeta AR T 1h, Z55%
&, e KA TR A 0.5 he

2.4.7 JKALTEERT GLU-PTX-LP [{520  SCHRIR
TE S AR AH AR BER AR 40 CAiAty, il
g A EAE TR B 50 C UL EKARIRER, A7)
TR R B, k2R AR B T2
R S L R IR 2 s R IR AR , 1 HLAR 2 A
BENRSAA NI, FECR BN [ e S AT,
SN [R KA E N} GLU-PTX-LP (K540 . &5 S 4
A SPSS 22.0 B A5 #T, B K AHR FEXT GLU-PTX-

%5 KIKBTEX GLU-PTX-LP BI820E (X L5, n=3)
Table 5 Effect of different hydration times on GLU-PTX-
LP (X £s,n=3)

KACKT /M (%% kiftmm  Zeta Hf/mV  PDI
0.5 82.18%1.16 92.791+0.62 —28.45+0.49 0.520+0.105
1.0 86.981+1.28 161.90+0.99 —24.15+0.07 0.414+0.002
2.0 83.71£0.12 220.75+9.26 —16.70+0.28 0.446+0.009

LP Wl E, Fife. Zeta WM IHHBERN (P<
0.05), 45RIE 6, KUMEN 60 CHf, Hlf3/i
Bkt d Fdg i, HRARAXT T 400 50 CKALR
JERFHRZY 1 ff5; 40 CRMOBFEEIK ST 50 C,
B Zeta HLAZZEXAEANS T 50 CANRAR T2 10
mV, Bt 50 CHIFMRTARERE, L5518,
T E KA E N 50 °C
=6 IKWEEN GLU-PTX-LP BIZME (X L5, n=23)
Table 6 Effect of different hydration temperatures on GLU-
PTX-LP (X £s,n=3)
HEEEC BEF/%  Rift/mm  Zeta Wifi/mV  PDI
40 84.74+1.18 81.19£0.38 —15.90£0.14 0.14410.018
50 82.25+0.93 85.57+0.45 —24.05£0.07 0.173+0.017
60 86.981+1.28 161.904+0.99 —24.40+£0.28 0.3821+0.036

25 BEZRMAKEIERE

M R RFESE, ik & R R IUE, B
K HSPC 1E A JE#, HSPC 5 PTX HLflky 0.1 : 1,
CHS 5 HSPC Lb#14 0.5: 1, DSPG-Na &4
2.5%, ZKAGEFE] 0.5 h, KALIREE 50 °C. RA Bid
T AT 3 A, Me R, KR Zeta
AT, SRR 7. 3 RIIE S50 1) 45 R A—3,
B BT e AL 2 A B n 4T, RRuE i 4, S
PER 47

x7 WIEFWRHER (XEs,n=3)
Table 7 Results of verification test (X £s, n =3)
fits  BIEE%
06030701 93.62+1.34 89.56+1.35 —25.2140.27 0.22040.039

Fifemm  Zeta HA/mV PDI

06030801 93.75+1.77 92.05+3.42 —26.431+0.44 0.218+0.005
06022801 92.04+1.50 104.914+3.71 —25.1740.65 0.226%-0.012

3 e

ARSIV T P i A IR S AT AR e
JFiARE CHS-SE-GLU. %4111 3 #8504l e: JH [
Mk, AR L LSO T3 2 0 K BE T
LR el O e ] 2 e TR A T2, R
IR R NS B SE A BERMT I T Ig SRS
2, FT8 GLUT, HA5F 38, A5l k% BBB
BEIE E N N AR AL . GLUT, X 48 45 BHSA (1) 1R
AR R B LR JLAN R 2 GLU _L-OH HURA
H. GLU fESR AR % E . GLU S5F ke
i) f) 2 e B B 2500, Hoh g ik GLU |--OH 1
F o7 B S E ] . Mueckler 25090 %I, GLU
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I Ce-OH ERGUKIERIN, 5 GLUT, AR5
FJy. hf# CHS-SE 5 GLU #4255 U7 T Ce-OH,
ARSI 2 52T 22 i I T I AT A ) I o R A 1) &
B, LGt L HIOR Novozym 435 AR HAT .
Novozym 435 7&K - Candida Antarctica B [
W] A JU P il SCRRARE 7T iy B R PE T — ik GLU
Ce-OH BT, SHBiE CHS-SE 5 GLU #
Novozym 435 ff4b FEEAL AL s, ARSZE XL T
BC-NMR %[5 |- GLU 5 CHS-SE-GLU H &4 5
S AL, KB, CHS-SE-GLU B4y C-6'
S RIAAIREL) 52, T C-5"5 5 M B4 o
3, HARERAS S BEEARR A B W, FEH
OH # LWt 2 e L (a-C) {55 K347
¥ (6 2~4), EMAH (B-C) 55 M mahis
(5 —2~—6), EFSABFAFUNFE . FIHIZA
4, AE B NV I URARE GLU C-6 47 I, 553k
ES AU It

JIE AR 7 RS kAR . R B TIA G
SCHRIRAERY, YRR ARIAZAE 100 nm I, AR
MAEVEA MRS (mononuclear phagocyte system,
MPS) # /1 s/, MAFRR I s, e 2l
gl R . BaER, Ak
T SEAAIRE (100 2 LA PN 2 TR) BRAE 0.1~2.0 pm, fi]
I J2 5968 () ) B AL ARAN k) 100 nm A4+, DRI 44
Bt GLU-PTX-LP FRI4ELE 100 nm, LAHR S I
LE T IR 0 (B R A3 VPN IR S A SR 1
il T AT R VPO ) E B by, A R I il 7
RIS RS s s r fa s, BRIk
YA KIS N 25 ) B 1 SR, AR sz i it
S & Tk A 2L GLU-PTX-LP 3 J
RLARI, ik s HE il T2 Ak Ty, frikss
R HI%5 T 3 it GLU-PTX-LP, 4558 Bty
I 90%, £ (R 2By e R BT A o i
Ky Riff 100 nm Zid7, vl B MPS FEHOIEfE]
ok o i IR (R TR B A HE R ) V8 T VE s Zeta HIAZ N
(—25.801+0.85) mV CHEAIZXH>15 mV), K]
YK B B AR R,

Qin SR YA 27 B B ol 2 - [
W AEY), ISR T BBB A LS A B
RE it . 45 RWoR, RSN BBB AR VP40 4
BB g AR RS L BBB RS, B 6 40 B -H
AT MR 2, IR AP BBB B
S5 o AP R T )% T 25 R - L ] AR ) g R

o, TARAINE — @ dE, AR T A
FILLZ T, ASEEG BT v v (14 G 4 17 8 S A4 kL CHS-
SE-GLU, #5280, (HPERH AE P fig e AL,
A, AFGBOP BB KK, BRIV ARRAT,
R, alife T iERE, PRI EN,  HAR
YRR BRI 80% LA b, N AT S R, 765 4k
TAE, I RSNy 1A R N L2 53 AT
IEHE— 5 VP GLU-PTX-LP 8 [7) 7% o

S 3Rk
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