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WE BR DA AR atats, HOBGEIRIE SRR A B g f /R O
WHE(T/PCL IR HIROR « 73 18I MR B2 & 30 & 2R -6(CoO R R TN R (PCL)
R, ARG R S B R R L (Thn) BRI AR . L& T PR T M)
JRA: Tfn/PCL Ml T/PCL 1c; FFRHEAHEAT 14 A 77 2 RAE o 3 Aol RV R M e 1
R RIR AT T 4 B A, IR AR AT T o R, TR AL S IR R T T (19
B, &R H& 1) PCL JRACFHIKAE N 73 nm, #ZEHN 0.046%. & Th 15,
Tfn/PCL M1 Tfo/PCL PRI 42 73 HITE 134 nm Al 158 nm, K/PME]. Aifb s R, 758
JEEF, X Tf/PCL M Ti/PCL «, 23008 2 AT 1 IRJ5, Tfn 5 C6 WL LLAE 73 7l A
SELE 23.6 F1 3.4 {ERIRBEER A, XF Tf/PCL &, ¥ 2 IKJ5 T 5 C6 R LB fa e
£ 23.7; TWiXHT Tf/PCL i, 4 IKIEWH 1 T/Co MILLAERI 2 EFHES, T2 4 IRIW
Ti/C6 HAEBIEN S 1 kI Th/Co HEIGE R, fFAERZIEZER (P=0.0424) . EdIHE
Tfn/PCL 1 Tfo/PCL 3K Tfn B1HE BE, 15 i HIEIEAE R B2 70 71 9 94.9%A1 13.8%, i
R IEAB B E 5y AN 95.6%F1 14.4%, HTE Th/PCL MM 715 ER BA S5
(P=0.0002) . £51& EEIEEAIH FMEREROE AL RCR AT, H 3 SREE B RV 44k 5 3K 45
() Tfn/PCL A 4E, K T B EHE K, 1X—Z 1 Tin/PCL /R R AL H R I H
.
KHEIA R HIRMEER. rEaifh; HEEN: AMIRE RS WK
FEZES R4
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Abstract Objective By using purification efficiency and micelle purity as indicators, the effect of
ultrafiltration and dextran gel method for purifying transferrin/polycaprolactone (Tfn/PCL) micelles
was compared. Methods Coumarin-6 (C6) was used as a fluorescent probe and was loaded into
HOOC-PEG-PCL to form PCL micelles by the film-dispersion method. Tfn was then conjugated to
the surface of PCL micelles via an amidation reaction, resulting in two types of micelles: Tfn/PCLu
and Tfn/PCLL. The pharmaceutical properties of the two types of micelles were characterized. The
micelles were then purified through ultrafiltration method and dextran gel method respectively, and
the efficiency of the two methods, along with the purity of the final micelles, was compared. The
density of Tfn on the surface of PCL micelles was also calculated. Results The hydrated diameter
of PCL micelles was approximately 73 nm, and the C6 loading efficiency was around 0.046%. The
size increased to 134 nm and 158 nm for Tfn/PCLy and Tfn/PCLy, respectively. The micelle
population was monodisperse. The purification results showed that, for the ultrafiltration method,
after two and one rounds of purification, the Tfn/C6 ratio stabilized at 23.6 and 3.4 for Tfn/PCLy
and Tfn/PCLy, respectively. For the dextran gel filtration method, the Tfn/C6 ratio reached 23.7 for
the Tfn/PCLy group after two rounds of purification. However, for the Tfn/PCL group, the Tfn/C6
ratio increased during four rounds of dextran gel purification, and a significant difference (P =
0.0424) was observed between the first and last filtrations. The density of Tfn in the final micelles
were calculated. For the ultrafiltration method, the Tfn density of Tfn/PCLy and Tfn/PCLL were
94.9% and 13.8%, respectively. For the dextran gel filtration method, the density of the two micelles
were 95.6% and 14.4%, respectively. For Tfn/PCLy group, the density results revealing a
statistically significant difference (P=0.0002). Conclusion The purification efficiency of the two
methods is comparable. However, the purity of the final micelles shows a significant difference,
with the dextran gel filtration method resulting in higher purity, particularly for the Tfn/PCLy
micelles.

Key words ultrafiltration; sephadex gel; separation and purification; transferrin; drug delivery
system; ligand density
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T I e I SN o AR K 24 Wik R G AT AR, B S I a4l D7 A SR R AT A A S BT
S FEBENESEHEAR (@ B8 MET 0 THEA B AR (s BBk 2>
BE) o SCHR AR R PR LA 5 SR R A U R - 01, S RIS G LR T A SR
BEROEAEA R AL TR I RSR T T 8155 B2 5 T [F), DA A S T 1B 149
KU IEIE RGOt S IABEARB M R 9K I RE I R RS %
1 Ml 57
1.1 EESH
N-1300 B figie 28 A CHARZR s B Stk N2 4t) « FDU-2110 A RT RN (il
ZHMEFAIRAF]) |« Nano-ZS90 FOCKLEZ AL (J[EH Malvern A H]) . F4600 2475267
JeE T CHA Hitachi A )  JEM-2100PLUS BUE S L8 (H A JEOL A#]) | Centrifuge5424
RIBLOHL (f[E Eppendorf A7)  DNM-9602G ZUEEFR /M4 CIb 50 M 43 AL AR A IR
vE]) .+ Sorvall ST 16R B & A% 25 0HL (32 [E Thermo Fisher Scientific A#])
1.2 FERFIRFEM
IR R £ R BRI B ERY (HOOC-PEGa00-b-PCLsooo, k5 : MKCM9500)
I [ 7 [ Merck A®]; &FE.Z& 6 (Coumarin-6, C6, #it5: LT60P69) . N-FEIEHEIFE %
(N-hydroxysuccinimide, NHS, #{t5: LA70P85) . 1- (3-“HIJRZEIENIL) -3-2 3 =
ff& (ethyl dimethyl aminopropyl carbodiimide, EDC, flt'5: LUAOP62) 0y H b5t i & skl
BAEBRAR; 2- (N-EBHEBED) Z7#B (morpholinoethanesulfonic acid solution, MES, 5
827C021)  HIFRHEELL G-150 (b5 20230509) ¥ E LR ZERTRHIARAR; LI
(fikal, #t5 B2211267, 4[%>99.9%) WH LighHr T ANFHR MG HRAR: A Th
(5 : 102436695) . SigmaPrep™ spin column B /0:AEERE (L5 1003249901) 0 H 5%
Sigma-Aldrich /A #]; Micro BCA™ Protein Assay Kit 23235 (#t'5: XK358025) W H%E
Thermo Fisher Scientific /A&, Amicon®Ultra-4 HJEE L (A5 : MWCOI00K, #t5
0000216249) 14 H 3% [E Merck Millipore 22 7]
1.3 ¥
1.3.1 #EEH/ZKEWEE (transferrin/ polycaprolactone, Tfn/PCL) i Wil %% 5 R AL
ARSI T WA T B LR PCL R (Tfn/PCL 5+ Tf/PCL ) o B 5@t i /K
PIF 0 5 30 DOEIRER C6 19 PCL iZR (PEG-PCL-C6) - - 25 mL A+ A PEG-PCL
(1 mg/mL) 1 C6 (0.5 ug/mL) HJZMEIRE 4 mL, T 60 °CHE AR B, M
A 60 °C[#) PBS ¥ 2 mL, JmliE/5 A 730 #L 5 min, 12 000 t/min 2514 F &0 5 min, FR%
i Co ULiE, LISWRIN PEG-PCL-C6 IR PBS 70 HGK . BUZ 70 B 1 mL, AR
0.09 mg NHS. 0.16 mg EDC LA} 1 mLMES, =+ 20 min J5, HIA T ] PBS %K (10
mg/mL, nPCL: nTfa~1:2) 4.5 mL, P ARM pH ETE 8.5 A4, =B LHi+: 8 h,
B3 Tfn M &1 % B 1) PCL R Tf/PCL 5. [RIAFE RT3 4% T ARAS % E ¥ PCL 2R



Tf/PCL « (nPCL : nTfa=100 @ 15) o 5600, LLPBS MR, 1577
PR Co WRE—5, %M.

SR FH Bl 75 SR D 78 F AR IR A% KN KR FE 43 AT A 100 o 18 8 62 B2 U0 A ) KA
633 nm, NGBS HU LA IIEMA A 90°, MR 25 °C, FEAFE S I E 15 H N
sl PR R AN 25 8 1 % ) #4575 (transmission electron microscope, TEM)
TSR, M52, BRRFKSERE MM L, 8. fd, BTERgEIRMnR.
1.3.2 AR C6 & & fmlE

AR TG G EEE BT Co S RAIIE . REEFRIN Co i, DL I AR RS
S ABCHIE 1. 5+ 103 204 50+ 100 ng/mL R I FERIFREIA R . WE KR BORIRSS
B Ohex/ Aem) N 450 nm/505 nm, FEEFEEEA 5/5nm. 737/ 0.5 mL FIRARAEIR AT %
FEBRFEME , B NREEEATIIE 3 IR BA C6 IR E 5 5O HRIE AT R B H, el brif 2k .

F WL PCL R B i it 2 mL N Amicon® Ultra-4 #JEE 03 E f, 7 000 r/min
FAF B 10min, FFRIER, THIEE OB MIRER P F O 28 77K 3 mL =AM
W, EEEOERME. NORKESHEORE P IRGER TR, FETERE, BIE
A C6 1 PCL BORMI T E . ¥k T /5 BRI TE & HEErh, 7870 iR &) e /e
RN Co 58 BRI . HIRATR G/ AR FEAT I E , % B bR ot it 21t
BRCR T Co MIREE, M N AR EEZ =,

‘ W ek C6 4t
ity S T 1 00%
NRYUAS

AR 4 VR B I R DA AR R A A58, A imieiR A S, BT IUE ARt fam, 4%
1.3.1 TR 740, JEAT C6 DRaREMIsE , 105% Height {8, 7 AFRAERIZE, TH5 C6 KkFZ.
1.3.3 Tfn/PCL R I 4l4L

NG B4 Tin/PCL AU AR Hh A 56 45 S B9 T, 75 0] il 4 10l RBEAT 43 9 4
PRALFE o AR SO B FP 2 S (Al Ab 7 i AT LA B SRR MR I
13.3.1 HHJEVE

HUfr a6 ) Tin/PCL R 1 mL, N2 2555 /KiE Y5 1) Amicon® Ultra-4 HEJE B0 % B
W, BRI R FE T E 7000 m/min, B 10 min, HE 4°C, MEAGE RECH 6. &
O 1 G, WERIEHRIE Y a, ANOFERS 503 B R IR AR, UL PBS S0l b i 35 0
BE 3K, AINRGEI S RGN ERLAEBN 1 mL, ENRAR a; B 990 pL IR4HTH a
AT 2 BRI, WAEIEHE N b, FIREM AR IR AR C A by AR SRS
ZEEIR AL ERAE, JL Al 4 0K, 15 EIVRAE as by o d, DUABEHR 1L TT. IS
I\
1.3.3.2 i SEMHEE IR 1

BB G-150 32T T 28 T K th s AK 24h 4 1. BX 1 mL 7820 VA K 1O SR e s




I Sigma Prep™@E.0AEH, T 1000 r/min #5538 N #.0 1 min, FF MW 7EHREHH
BRI AL R /N0 N 40 pL FF4iAL R T/PCL BB, T 1 000 r/min 5558 K 2.0
4min, YSCER 005 G HIDE H I B R A B0 . BB R 40 uL, A RORBOHEEAE, WHENE
IR S BRSO A 4 IR, 13318 H 2040 IR R 3 BOR o AR iE A 1L 24 3. 4.
1.3.4 4R b

Tfo/PCL BRI 4 B A Tin 707 A% 5 PEG-PCL bR E i sk iz
SSHEATARIEG . AL RCR TR IR B 25 AR (W B8 T 73 T RE

ASCLEEL T WA AL Sy B 750 o AR R K 20 B R R, R DRV I A4 FE A i D
REKH T, HIRZEEH Th &5 c6 BRI TEER, A haitbe s,

AR T SR A2 1 7 0 SRR, R SRR R RV 1 AL R A R MR R R T &85 Co &=
AT E I, AT R A A4k 58 4

Thn & T 5E 512K MK R (bicinchoninic acid, BCA) 7%, fij 52, H4ifb)s
(AR AR DA S DR PG 2 (5 405, VKA S 738 S min,  HURE 20 pL JN 96 FLERH, SRS
TN R 0 B A5 BC ) B AR 200 pL/AL, AR BCE 3 AT, mmRAE, T 37
°C Y6 E 30 min, 7E 540 nm AHIEGHR O ROEEE, FEIRARHE M T Th 198 2.
1.3.5 Guits# 4

AR GraphPad Prism 10.0 BAFHHATHIHKIGETH 204 S BHRLIR DX £+ s8R,
KRR ¢ K50 FI LR 27 2 08T (ANOVA) , P<0.05 NZERFH G %5 .
2 HR
2.1 RIR kAR AN

IR F R AR AR 45 R & 1 iRk . PEG-PCL-C6 JRH (B 1A, 1D) . Tfn/PCL i
R (B 1By 1E) LU Tf/PCL &/ (B 1C. 1F) KRR KN K % 3 B %t (polydisperse
index, PDD43 5] J9(73.11+1.78 )nm(PDI: 0.231£0.057), (134.51+1.03 )nm(PDI: 0.296+0.062) ,
(158.20+1.26) nm (PDI: 0.211+0.006) , Tfn f&1fij5 KRR FIKMKAZI EIE K, HEEEE
Wi LRI, KIS K. B TEM S5 5R AT AN, 45 BB AR5 9 15 4 B BR T 4544

B 1PCL BARAAE RN RS TEM A
Fig.1 Particle size and TEM images of the PCL micelles



A,D: PEG-PCL-C6; B,E: Tfn/PCLLow; C,F: Tfn/PCLHign.

22 RRBLE
2.2.1 C6 brifE 2k

FIREE CO TN I IR % i B K 45 SR W3R 1. L C6 WK FE C (ng/mL) AL R,
X [R5 6 B Height [EANARFR AT YL (B 2) , 34142 H=0.3691C+0.5127,
R>=0.9995, Z55FKH, C6 1E 1~100 ng/mL IKFEJEHIN, R SHOGRBELM SR RIT.

R 1 RHE C6 WRIEXT IR e EE

Tab.1 Fluorescence intensity of C6 solution

C6 (ng/mL) 1 5 10 20 50 100
Height 1133  2.697 4.119 7.432 18.723  37.631

B2 Co6irifihsk
Fig.2 Standard curve of C6
2.2.2 PCL IR Rz =

HHERT 3HAE, REETRAE LA Co SRR 2 Pron. MRIEAK: KA

ﬁ%%ﬁ%ﬁ%ﬁ?«wmﬂ%sm#&%%m&%%%%ﬁomwmm%%u&amwm

HZERTIRL FEZLET, BORMEERMENA K, FEIRAGEN 0.046%, Hil#& TERE,
RENE N Ja SR AT A RPN SR BE R AR -

R2 ZHMETERBEEK C6 58 (n=3)
Tab.2 The batch quality and C6 content of three batches of lyophilized micelles (n=3)

Batch No.1  Batch No.2  Batch No.3
Weight of Micelles (mg) 3.523 3.159 3.490
Content of C6 (ug) 1.634 1.436 1.642

2.3 AL BRI
2.3.1 @BIET

S BRI e s Al 4 o R mIEH R I [Ty 1. IViE#sT Th
TR, SRNE 3. IR as by o d BT Th FENZEM Co FENE, HitHE



Tfn/C6 I LG, S5 WK 4. LR TTE, X T % EEMR Th/PCL »4H, 8T 2 &
JG, EHR A IAS T IFFAE, RN 454 BERF Th/Co AT &, 4ifk
25, TH/C6 WWAHBEAIRFEALE, AIAngifh e, mixs T% BB Th/PCL w4, I8
oL KE, BEHBTRRIAS T OAEAE, LIS Tf/C6 M EEA R REAAS, AT A
O 1T IRNE, BPmraifhsess.

3 BIBEEHWT T §& (mgml)
Tab.3 Content of Tfn in the filtrate obtained by ultrafiltration method (mg/mL)

Filtrate Ttn/PCLHign Tfn/PCLLow
I 3.964 0.029

II 0.013 --

11 - »

v - V4

R4 BIEERERT T SE. Co FE. T/C6 LL{E

Tab. 4 Content of Tfn, C6, and the Tfn/C6 ratio in the concentrate obtained by ultrafiltration method

Concentrate a b c d
Tfn (mg/mL) 27.256 30.255 30.824 31.608
Tfo/PCLuign  C6 (ng/mL) 1.144 1.282 1.308 1.341
Tfn/C6 23.825 23.600 23.566 23.570"™"
Tfn (mg/mL) 9.407 8.227 8.005 7.696
Tfn/PCLLow C6 (ng/mL) 2.744 2.405 2.339 2.256
Tfn/Co6 3.428 3.421 3.422 3411

VE: ***P<0.001 vs supernatant a.

2.3.2 i S
B E AR T (BAHR A, B 40 pl 3% 1.3.3.2 Wi N #efE, HE T4, tHUdEm
JEHR 1. 2. 3. 4347 T A1 Co &AM, JRitRtME. SR NE 5. mg R, X
T BB Ti/PCL o4, 38 2 K5, JEHR Y Th/Co LWEEEARFFAAL, Al WP
A TE R, X SHEIEENIIER — 8. AR, T AR T/PCL «2H, 50
BRI S IRVEAEAE I BRI RIS A SRR, 4 BRI ThyCe 1L E AL
28 EHES, JEE 3 E, ZWEA BT EARE. Th/Ce HEIEE 1 & (3.510) FIjE
i 4 (3.571) FEEEREWER (122917, P=0.0434) , X—IRIIHEER, FILiZ sl
L T R AR Thn IS FE SRt — 0 4 o ARYE IR i 2 &, DAL ¥ C6 F1 T
FIMREE, B TR A S B RR T T M L. t
C1,/80000

Tth%= X 1000 x 100%

G
(5:00046 ~Ces)/7000



RN 6 Fiac. g Rals, MFaith kMt TmEEHIE R REEHR K,
R WE RV AL P AR AR 2R T T 1841 %55 i 18 v TR e vk Al Ak BT A5 i AL JS o, (BN ARG 535
FEHZ SR, i 1 ) (14.13) FjER 4 Wk (1438) BASGIM%ER (1=8.134,
P=0.0002) .

K 5 HRNEREIEIEHB T T, C6 &&. Tfn/C6 LhfE
Tab.5 Content of Tfn, C6, and the Tfn/C6 ratio in the filtrate obtained by sephadex gel method

Filtrate 1 2 3 4
Tfn (mg/mL) 1339.883 541.452 227917 94.885
Tfn/PCLnigh C6 (ng/mL) 55.882 22.809 9.604 4.002
Tfn/C6 23.977 23.739 23.731 23.709"**
Tfn (mg/mL) 201.130 79.908 33.270 14.077
Tfn/PCLLow C6 (ug/mL) 57.306 22.567 9.301 3.942
Tfn/Co6 3.510 3.541 3.577 3.571°

*P<0.05, ***P<0.001 vs filtratet 1.

F 6 BF 7L Tin/PCL REE T MBHEE (%)
Tab. 6 Surface modification density of Tfn on Tfn/PCL micelles purified by two methods (%)

Density of Tfn a/l b/2 c/3 d/4
ultrafiltration method 95.94 95.03 94.90 9491
Tfn/PCLHign
sephadex gel method 96.55 95.59 95.56 95.47
ultrafiltration method 13.80 13.78 13.78 13.74
Tfn/PCLLow

sephadex gel method 14.13 14.26 14.40 14.38""

**%P<0.001 vs filtratet 1.

3 Wig

M ERER AT IR Y, AT SIS, B s A R R R O A R AR A
Tfn i EAEHL T (nPCL : nTf=1:2) , WAITEBTREADT 2 A R &
i) Tfn 7> 255848 1 Tfn BME EEEURAIE AL T (15%) , 204k 1 kBRI 7E2E4L f5 3R75 Tin
BRI AR AL RE T T, PR T VEAFE B Ve 22 5. 1 SR RV 440 )5 3R 45 1 THn/PCL JR K
K T (BIREEER, X —ZRAEMEE Th B4 T/PCL BIRZI RIS NH R .

SIAT IR R B SR TR o B AL R B A OG . T A8 i R — AR it 7% 1B 1 2
FERATHORE, Tin ML &, Gl sl S B R FE B R R T, SR 4s R J5 # R S RE ) T
HoAthid S Bl B AR BRI/ FAGE D B, BIAS T BIRIAKERIE RAB, B8N R
HR A BB RO, R Ao A B 4y R S, MR R T, K
FEXS 43 BN B B 25 o 1T 6 SRME BRIV E R 4 1R €3l R 20, /NG 14 vl
PR N AR TR A B, R0 740 B R AN Rk NI A8, DU AR PR aee o ot i o N 0 VR
Hro Tfn/PCL RFEAE LI Tin B ERAR, 77 KAMPAEZE R BIEE R EBIR B AR



X T2 e AU, JCHAENRES E Ti/PCL BRI 4 B AL, X TR MR IR A1 R ZAB 1 14 1
WISHE, PR 8 Th BIFREIEPIA PCL IR IR EY: 1M # SRR % 7 &
10 Ji B R 43 PR T I R B g e i) 22 e, TR, o 6 o T SRR el FO A i A T )
W%, T B PCL AR LG 2 AHRIG N, RIAE T B L, B Th (216% 2
UGN . IR IRAE S E E Ti/PCL ORI 2EA h 2 57 AW, TR (R L Tfn/PCL JI
WA R R 22 5. B SRMEBERE 2> B A3 I Ti/PCL JBOR 5 VA SAS IR
FALL, AT# AR

Tih s WARAE LA R ARG I THIRAE , R B E SR AR AR BE S 7 B 3, (FRR IR I s AR X
got, it EAWESRM, KRAEESA M RAR AR b, A 4. HRE R RE
BUEMNT %, (BNASARN O e, H— e R b n) = 2 ) P e TR e

SCHERUSHRGE, 4524 R G0 TH ML AR ARG U 2 BT 3 3 BB ) 24 88326 R 4 1D 0L ) R L
A 5 A SCL B T BRI O R, BEEELEL T PR a7 vE——i
PEVEFH RN RER S, 8 WA R A, (R SR B IR 2 4k 5 3R A9 1 T/PCL ROR
gli, R T BIHZEEE KR, X277 Th/PCL R4 R BN . AR
G50, BNA R T BRI PUK 25038 RGBT, DL Wk S i) IO A 8 ) 44 oK s
ARG IR S

EE BN
[1] Manzari M T, Shamay Y, Kiguchi H, et al. Targeted drug delivery strategies for precision medicines[J]. Nat Rev
Mater, 2021, 6(4): 351-70. doi: 10.1038/s41578-020-00269-6.
[2] Li J, Wang Q, Xia G, et al. Recent advances in targeted drug delivery strategy for enhancing oncotherapy[J].
Pharmaceutics, 2023, 15(9): 2233. doi: 10.3390/pharmaceutics15092233.
[3] Kawabata H. Transferrin and transferrin receptors update[J]. Free Radic Biol Med, 2019, 133: 46-54. doi:
10.1016/j.freeradbiomed.2018.06.037.
(4] PP, T B, X B BB O RS R A AR R S EERE (). TERH 25 R AR 24, 2006,
23(10): 676-80.
[4] Zhong Z R, He Q, Liu J. A survey of studies on drug delivery of transferrin and transferrin receptor[J]. J Shenyang
Pharm Univ, 2006, 23(10): 676-80.
[5] Ponka P, Lok C N. The transferrin receptor: role in health and disease[J]. Int J Biochem Cell Biol, 1999, 31(10):
1111-37. doi: 10.1016/s1357-2725(99)00070-9.

[6] Yari H, Gali H, Awasthi V. Nanoparticles for targeting of prostate cancer[J]. Curr Pharm Des, 2020, 26(42): 5393-



413. doi: 10.2174/1381612826666200721001500.

[7] Zhang D, Zhang S, Shan B, et al. Preparation of transferrin-modified IR820-loaded liposomes and its effect on
photodynamic therapy of breast cancer[J]. Discov Oncol, 2024, 15(1): 611. doi: 10.1007/s12672-024-01486-z.

[8] Gabold B, Adams F, Brameyer S, et al. Transferrin-modified chitosan nanoparticles for targeted nose-to-brain
delivery of proteins[J]. Drug Deliv Transl Res, 2023, 13(3): 822-38. doi: 10.1007/s13346-022-01245-z.

9] 2% #, XM, FHE, % TBRYOKBRALE miR-145/CPT 8 ) 35512 e L3R A% 1 w125
I ZHRUERIK2EZER, 2024, 59(9): 1501-8. doi: 10.19405/j.cnki.issn1000-1492.2024.09.002.

[9] Rong J, Liu T T, Yin X J, et al. Co-loaded with miR-145/CPT nanoparticles for targeted delivery and magnetic
resonance imaging in hepatocellular carcinoma[J]. Acta Univ Med Anhui, 2024, 59(9): 1501-8. doi:
10.19405/j.cnki.issn1000-1492.2024.09.002.

[10] Hong M, Zhu S, Jiang Y, et al. Efficient tumor targeting of hydroxycamptothecin loaded PEGylated niosomes
modified with transferrin[J]. J Control Release, 2009, 133(2): 96-102. doi: 10.1016/j.jconrel.2008.09.005.

[11] Wei Y, Gu X, Sun Y, et al. Transferrin-binding peptide functionalized polymersomes mediate targeted
doxorubicin delivery to colorectal cancer in vivo[J]. J Control Release, 2020, 319: 407-15. doi:
10.1016/j.jconrel.2020.01.012.

[12] Kursa M, Walker G F, Roessler V, et al. Novel shielded transferrin-polyethylene glycol-polyethylenimine/DNA
complexes for systemic tumor-targeted gene transfer[J]. Bioconjug Chem, 2003, 14(1): 222-31. doi:
10.1021/bc0256087.

[13] Toma C M, Imre S, Vari C E, et al. Ultrafiltration method for plasma protein binding studies and its limitations[J].
Processes, 2021, 9(2): 382. doi: 10.3390/pr9020382.

[14] Tayyab S, Qamar S, Islam M. Size exclusion chromatography and size exclusion HPLC of proteins[J]. Biochem
Educ, 1991, 19(3): 149-52. doi: 10.1016/0307-4412(91)90060-L.

[15] Guo Z, He B, Jin H, et al. Targeting efficiency of RGD-modified nanocarriers with different ligand intervals in
response  to integrin avp3 clustering[J]. Biomaterials, 2014, 35(23): 6106-17. doi:

10.1016/j.biomaterials.2014.04.031.



