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Abstract: Objective To obtain the intestines absorption of TPGS-CS/PTX polymeric micelles in rats, a drug-loaded micelle system
was established by a kind of amphiphilic copolymer, D-a-tocopherol polyethylene glycol 1000 succinate-chitosan (TPGS-CS) was
prepared by grafting D-o-tocopherol polyethyleneglycol 1000 succinate (TPGS) as the donor of the micelle hydrophobic group on
chitosan (CS) as bioadhesive material, and loading paclitaxel as model drug. Methods TPGS was activated by its hydroxy-terminal
carboxylation with succinic anhydride (SA) and 4-dimethylaminopyridine (DMAP). The TPGS-CS copolymer was prepared by the
amidation of free amino groups on CS. The chemical structure of the TPGS-CS grafted copolymer was characterized by Fourier
transform-infrared spectroscopy (FT-IR) and Nuclear magnetic resonance spectroscopy (NMR). The polymer micelle loading
paclitaxel was selected as model drug and TPGS-CS/PTX was prepared by ultrasonic emulsification method. The encapsulation
efficacy (EE) and drug loading (DL) were determined by high performance liquid chromatography (HPLC). The particle size, Zeta
potential, and size distribution of the micelle system were measured by dynamic light scattering (DLS). The surface morphology of the

micelles was investigated by Transmission electron microscopy (TEM). The in vivo intestines absorption rate (Ka) of paclitaxel-loaded
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TPGS-CS micelle was calculated in rats. Results The results of FT-IR and '"H NMR indicated that the copolymer (TPGS-CS) was
synthesized. The TEM result showed that the formed particles were uniform in shape without aggregation. The Ka of TPGS-CS/PTX

was 20 percent higher in comparison to the reference preparation, it indicated that this polymeric micelles could increase

bioavailability. Conclusion The proposed TPGS-CS copolymer was successfully synthesized in this experiment, and the drug-loaded

micelles prepared by ultrasonic emulsification exhibited good characteristics compared with the reference preparation, the K. of

paclitaxel was increased to some extent to promote oral absorption of the drug.

Key words: D-o-tocopherol polyethylene glycol 1000 succinate; chitosan; paclitaxel; in vivo intestines absorption; copolymer

FAEWEH (polymeric micelles) FHFEMEE
BV AE R LR 0 R AP A N R A% -
FEEH, KANEJL TR LEGKER N, KB RE
VIR R ) N IR 25 2 954 Bh T FRAR 2505 1
TE R, IR SR I 25 PIR I, S 2
12 B ImiErh ia e vk, SEm B YR R, SR
7o SR AT U I AL A FHAE 55 BE (chitosan, CS)
GG KA S, Ak i R B R R R T 5
RvE b, TEKIEHR R G B b s K 3 F RS
K A () KH ELAE FH T 38 3ok 1 4285 B T 1 PR 3R
PR, R/ 1000 484K E BRHIRRER (D-a-
tocopherol polyethyleneglycol 1000 succinate, TPGS)
YR E MK HERTAEY), MRkt R o=
P S ANSERE 1 AER P EAE A 2 E B3R IR 2 20 i1
AR SEEG LSRR BERIZ4ELE 2 B BRI ES N K
PLEAZ I (PTXO AR 254, 2% 7 —Fh Ik PTX
WA (CS-TPGS/PTX), KT A A ALK 7
WCRIBEFE H AT MR I RIE, B —E e, s
AR RH SRR EZR ST PTX KIfEAE
WS, SEA AR IR ], AR A B it
1 UES5HH
1.1 EENEE

79-2 W1 BiFERS, VLI SR T SRR AR i
ABRAF]; N-1100 ek 75 &AL OSB-2100 JH¥H 54,
RS RAR; HB-II fEH/KNZHES
B, AMKIE TR 5 HRAE; MS105 BFKF,
P RERPABAIR AT ; Master flex L/S Ei#
iFHzh%, 5[ Cole-Parmer 1Y #$A T VIIAIAHEIE
JESEEE, 10 000 MWCO PES, Sartorius Stedim Lab
Ltd., UK; ALPHA 1-4 LD plus & TN, #E
Marin Christ A%; DZF-6050 225 T4, il
AR AR ; SCIENTZ-II D 75 i3k 40 o
ML, TUHZEMEE AR A Bio-Rad
FTS3000 14N {X, Bio-Rad /A #]; ZEN3600 i
FERLEEDHTAL, BRI AR AR LEAD-2-A
iGN R AR BN &, TRE 2R ER AR A7 Bruker

Avance 500 MHz ##EFEHRAX, b Ew AR ; /K
W, ILASRIERREARAR: Mg, K
EMI ARG A RA A .
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TPGS. BEFAMRHET (succinic anhydride, SA).
4- — F 5 FE L g (4-dimethylaminopyridine, DMAP)
REENIR OBE. Sk LR B R T A PR A
Al 1-4HE3-G-TH RN KRR
(EDC-HCD. N-#2A5:J8HME TV Z (NHS), g
AR ARAR; CS, HXH4THEE 30 000,
it TR EE 95%, & RESEAMBHARAR; =4
. ZAONFR . @ H R KB ZHEETIA.
HEE . UKEEER . BER LY R dral, W E e ik
T AR PTX, b5 160306, /i1 & 73 50 99%,
VB2 REAEMPHLER AR B4, Kerbs-Ringer
A, LR BEEREARAR AREK, 7
MRZEE R AT A LIRS B RR (BL-40),
P AR AR AR i, tika, EE Tedia
AF.

Sprague Dawley (SD) KR, M, 20 R,
WESGE s, RfE 180~220 g, YHliEs
SYXK #: 2013-001.
2 FESH
2.1 TPGS-CS & pEFnFRAENe
2.1.1 TPGS-CS &R FRELTPGS 0.5 g+ SA 0.66
g. DMAP 0.04 g J{E T 50 mL [EEFRF, HE
T4 4 h, FE R AL S 16 G bk SRR A 7
&, MADE= O, FERARY T INFAENR 24 h,
SN SERE S, KGTTAE 40 C N IRE 28 R BR LA,
1920 ARy, H SR Be iR, 0.45 pum
FLBEME BE S KB A EYTE CRIBI SA), 7=
IERERRFERR A%, YRk BAE, YRRy A b R
CPE-FEE (9 1 2 1 2) FRER A M s i A s o
W B BRI, e 28 AT B AR TPGS
TRREES . MR L 1-A.
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A is synthesis route of TPGS-COC,HsCOOH B is synthesis route of TPGS-CS copolymers

El1 TPGS-CS ERXE A& ERLE
Fig. 1 Synthetic pathway of chitosan with TPGS

TPGS-CS

N AZYIRRE 10 1.2 1 1.2 2 5IFREC TPGS T —
i $Lfi5 \EDC-HCI NHS B T =2 T4 T8 4 h,
TPGS T MR ¥.fi§ (TPGS-COC,H4COOH) 5 EDC
T pH EA 5.0 F Rk 2 R 25 vP il h , UKIR S 1
F1E B 10 min 5 I NHS, k455 5 %M 6 h,
BP159E 1L 4T () TPGS-NHS.

B CS 0.8 g, 7E 1% MBS AV h i bk 22 78 4
Wik K LRGP nE) CS W, dkakdi
P24 h T VL. BRI N EE N AR
VIR JERE (DIRIFEX 2 &N 10 000)
JE, 2R B SERT EDC K HARE =) . WEEE T
P, W RT RS R, BT TRt a .
BRG] 1-B e
2.1.2 TPGS-CS L

(1) HHEM AR (FTIR) 24T KA
JE Ry & B dh . FREL CS. TPGS-COC,H4COOH.

TPGS-CS % 2 mg, 73il5 KBr &, &, M.
FIHTEE 4 000~400 ecm™', KW B R H bR~
Y. TPGS JZHEILL K TPGS-COC,H4COOH J FTIR
Bl WL 2-A B, AT LA H TPGS J5UEHE 1739 em™
WA 1 AR IR, IX /& TPGS R T FR XU
[F3RIEIE (C=0). T TPGS &RIEL)E, T W
BEAI T R B C=0 WSS HHIAE 1 716
em ' Ab; 1645 cm™ 2T ZIRBERIRER C=0 MI%F
(RTa

CS JFEl M CS #k: TPGS J& ) FTIR % & I &
2-C. D, K 2-C i 3 300~3 500 cm™' &b N ¥2
B (-OH) B (-NH) BIWiclé, 1 653 cm™
A PR AT U R Bt M T 1T, 1597 em ™t A R e Sy
P 103t 717, 5 ] 2-C AL, B 2-D o 19 TPGS-CS
R, 761 730 em VAN 1 AMERIEIE, 4G
)9, 2% TPGS-COC,H,COOH L4, i%Ug
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Fig. 2 FTIR spectra of TPGS (A), TPGS-COC:HsCOOH (B), CS (C), and TPGS-CS copolymers (D)
NT ZERERHIBRAEIE (C=0); HAE 3 300~3 500 TPGS-COC;H;COOH ']3 b a "’ l‘ H
e ALHO AR ANIE R LRSS, W CS LA9-OH N O 1 POV, "Y
o -NH, BB, 1 FL7E 1639 em AT 1 556 em™? Tas , .
e " - - " | iy
UL T B RS, BTR T B, X L M JarinJU
UiBl TPGS 5 CS i s ot fi&e Bt Bl D i) 2 A A2 — g ‘
IR EE CH-NMR) 737 : #REX TPGS. cs
€
TPGS-COC,H4COOH % 10 mg, 4 MIVaT-iiAt & i JER— 0 g
(CDCl3) 1, FREL CS. TPGS-CS %% 10 mg ¥ T H/K CS-TPGS | W ¢
=R A 7 R : e T e e
(qu> /m{t_ﬁz/& (CFEEOOD) :H, k& = 535 —s
BUk, 2 5152 B bR r24#. TPGS 5 TPGS- 5

COC,H,COOH K 'H-NMR &, £7F 5 0.80 kb
[FUg2 TPGS H4E4E % E BEHIERER 45 i b AR 2k B
B SEA R A, 0 1.00~1.80 A N4kt & E BEIAMR
i 4 KA B B P I 3 S 50, 61,964 2.00-
2.07 AR E RIS ARG 50, 6 2.59 &K
$iE R B ARIE AR 4 AL RE FEANES
&, §2.80. 2.94 kb TPGS T ek | 2 ANV H 3
FEMMESE, 6 3.60 MESIERE TR R
TR BRI R IRRE S g, 5 TPGS IS EXT
Al RP, TPGS-COOH M KR ZH T 6 2.65 A
B2 N=HE (EF3dalg), X2 TPGS IE
ORI MIEN T R LR EENES
U, 5 4.25 AbY5R £ — I RN G S A o2 M1 HH ke (&)
3 b ), = EIEAR g N E I, IMUESE T TPGS

&3 TPGS-CS #H iRk E
Fig.3 'H-NMR of TPGS-CS

iy F2 5L BRI R AL

CS J5UELHT TPGS-CS R 'TH-NMR K, 7]
REJE BT AR SR SR F A A R R A, 5
FHRSCHRXS REAHI, CS [ BRI AE I T — 2 2
FE e, it EZREE & —8U0. nTELER], 6
2.8~3.5 AbEEJE T CS FEIE 4L &+ FIRHIE
I, TPGS-CS KIS CS FRHHLL, FLERYpE
A1 CS FHIFWEMRIAAZLE, MALENFAE 6 0.27.
2.15. 291 HBEHIE (B3 el do elf), ¢ 4
AR E BRIIRRAR 85 -CH; AI-CH,-[If5 51&, d
NYEEZ B RIS LW G, e NR O ZIEEE LIRH
RIS FE AR I () 37 PR L0, 3X i B TPGS BRI H: 21
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2.2 TPGS-CS BZRAVHIZFIRAE
2.2.1 TPGS-CS JRH M4 FREC TPGS-CS 50
mg, & 100 mL KeFrH, I 25 mL 7K, HEHEEfE,
SEAVEARIG, M1 g/L B PTX =S FiA 2 mL,
FA 40 B 7S B e SGER S 10 min (170 W, VKZKIR),
TG, FRBAETEN . 045 um FFLIE
JESEL 5, WA T 4 CARAF & HB0A T8, BI1S.
2.2.2 TPGS-CS A [FJZRAE

(1) KIfEA Zeta HAZIIE: B TPGS-CS R
W1 mL, J/KFERE 10 £%, K ZEN 3600 #0t
Ki B2 M A 5E TPGS-CS #% 24 J& i o kL 4% A1
Zeta 1A (& 4). TPGS-CS #Z5RHK I Zeta HLAL
K (29.0+1.0) mV, FHkiAEHN (159.44+6.4) nm,
FEW) I Eda % (polymey disperse index, PDI) K
0.1740.01.

10 100 1 000
HifE/mm

.

~100 0 100
Zeta HLA7/mV

4 TPGS-CS BRRHKIZST (A) F Zeta BBfL (B)
Fig. 4 Particle size distribution (A) and Zeta potential (B)
of PTX-loaded TPGS-CS

(2) HIHFRFMFHENE: KM HPLC lE
TPGS-CS #Zj R A+ PTX & &

B 44F: Shimadzu-GL ODS-2 At (250
mmX4.6 mm, 5 pm); JiLaAHNFEE-/K (75 1 25);
PRAAIRE 1.0 mL/min; R K 228 nm; EAEE 20
pL, A 30 C.

B2 0.22 pm fFLIERLIE I J5 1) TPGS-CS #¢24
e R 100 pL, NN Bl H RGBS 2.0 mL, e
1 min, AEXRAEIR, 12 000 r/min B> 10 min, HX k-
TEBGEREIE , 35 A X Rt I AR R R .

2.4%.

WER= R RN &

HZG B = Rk o 25 B (BN (K25 B+ S AR 7R )

(3) TEAMNEE: RHEN BT E2HEE (TEM)
MELRE AR F IS . B TPGS-CS #HZI8 A A
KRG, W2 R A SRR A M |, B 2R
Ta, H 1% R 6, HAKTE, B8, M
KIS AL, AR EERTE, HIEWHIZ-7T45H,
EMETE, Kiit2179 160 nm.

5 TPGS-CS # PTX iZ5HR[E
Fig. 5 TEM images of PTX-loaded TPGS-CS micelles

2.3 TERRAIRU SR 18

231 FEWEMECH]  EH 20% S REVE R (0.2
g/mL), B4l Krebs-Ringer ¥ (20 pg/mL),
TPGS-CS #HZ MR PTX Z EL byl (B PTX
H EL-ZEEIE#D, I 2 MRS & PTX 20 pg/mL,
EH NI4T Krebs-Ringer ¥ i »
2.3.2 HPLC EE PTX & & il “2.2.2
(2)” WU o BLPTX FCHIAKL 2+ 5+ 104 15+ 20 pg/mL
(0, BERE, TH AR I Bl PN o 3k B R TR AR
LMETTRE N Y=1987.3 X+4.515 1, »=1.000 0. %
B PTX £ 2~20 pg/mL 26t 5¢ R R I o FF i il Ab 2«
12 000 r/min #%3% 20> 5 min, B _EiEBGERE
233 SHERINEMA & WHAY 25
mg, FEERRE, B 250 mL =4, IIKIE I
BEZIE, ®E, F%E 1.05 2.05 3.0, 4.0, 5.0,
6.0 mL & 10 mL &, WKMBERZE, #25,
oy ER 0.5 mL, & 10 mL BT, o2
mol/L IS EALENA 5 mL, 7E 555 nm K AL
EWRIETE (A 1H, 1S irdEih & 77 F2. B 0.5 mL
FESEW, B 10 mL BZRE S, 11 0.2 mol/L 1
SAMNER 5 mL, $225), ke 4 8, iHE
T,
2.3.4

FEAR P liose g AT iR Zh R AR B E N
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5. 2.5 mL/min. B 18 5 /K %88 K 6 5 I 5 N
(37.0+0.5) ‘C. Ht 75 mL ki, BEHER S,
BIEEKBFRWHE (370405 C. ALK
1, BAER/KIB TR HAE 37 CH&HBEEE 12 hy
AR FEZ14 200 g 1) SD K, #% 1.0 g/kg 7B & ip
20% R, RIS [ E T F ARG B W SD
KEME P LAT I (3~4 em), £+ 187,
T B, il E RS —/NE, AR
0.3 cm MEIRE, HHLILE. H 10 mL iF5 84
37 CHIAEBHIKZEZIEANGE, HHRBERE K
i 5 9 ity PRI R P 7 o) s N B A K ) HE T O
L JERRlEE, $TIPESNZE, LA 5 mL/min BRI
EHIEH 10 min J5, BAERREREN 2.5 mL/min,
SERPEHETER IR 2 4 (%1 mL), 2 ailfEoa

T VBRH By 0 Z2 IS (B AE A, (]IS ) S TR O A b oy
41 Krebs-Ringer YW 2 mL, HJ54HK 15 min $%[7)
TREURE AN 203, 2 h JE 5 1EPE3R . 9256 J5 AL 5
Ko ZrHIME PTX FHEYLL I 57 B

235 MyLEFEAGYIRVCERFE (KD 1l
PTX 7E AN [F] B 8] 0 7 4% 24 52 149 X6 H0OAE R AH S P s
A, HEZRIRRE Ko EARRR s 2E 3
WE 1. B 1 7%, TPGS-CS # PTX KM K,
L asFIA L, T 33.1%, Fhik
T+ 59.6%, [EI AL T 19.5%, 45 kT 19.7%.
AT &1, TPGS-CS/PTX Ref5 24 PTX fE1E M
AR L o

InX=InXo— Kat

X Xo 73 BINFIARZTEAVEIARTI LG5, ¢ WHURERS [A]

#F1 TPGS-CS/PTX FIXBRHIF KafE (X+5,n=3)
Table 1 In vivo K. of TPGS-CS-PTX and reference preparation (x £ s, n =3)

Ka
415 —
R %y 1 L1t
TPGS-CS/PTX 0.094 7£0.000 6 0.1502%0.001 0 0.131 8+0.000 9 0.169 6+0.000 8

ot e sl 571 0.063 3+0.000 7 0.060 6+0.000 5 0.106 1£0.000 6 0.136 240.000 7
3 T FRE . SR & 22 AE N3O IREN PR d A RBHE

CS i T-7KUS10, sty b i AR R PRI A
REVA IR, WIRSER. BRFRIEWL, ASLI0H %1520
TPGS-CS LR, AT A
FLECEHLER, R TR R Atk Fndi
PERIPVAf#, TPGS K0T CS J5, WfgtEsgm.

TERR LI A 25T, 3 T RSk e v e
FUA IS % B B R, R AL R R
R4 FURLAR 2 A B B NELAR, RIARAE 160 nm A2
fi, Zeta HATEIEH, AREZHT CS LA E)R
THZJGWER, (R AR B IE AL, ik
FH P LAY 2 A

SR P28 i R 0 5 R A28 5 2 SR SR FEE A
MRLARA Y, HIEREMETE, i RE T 5 R
KA, HARTESE LA N 1 Ok A% R AF A X
BN,

TEAR S8 4, TPGS-CS/PTX IR A A AN PTX
BACHSAERRM EL-40 ZF% (1 0 1) AL,
A& TR R K, EAWRINCEZ R8I+ KBOK,
MET 48BN, S5CRIREN AR set gt |
W15 F ], TPGS-CS/PTX MR Ak 42 i e 4 1 24547
PTX MIAEPIRI I o 3 — 20 AW SO LA T 9 G 5 2

Caco-2 4 g i H S SE 50 tH L 5E ik, 3R B TPGS-
CS BEFEREIG . HABHLHIHE I EAEREAT
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