2025-10-28 09:52:22 . https:/link.cnki.net/urlid/34.1065.r.20251027.1351.002
- 258 - ZHEAKFFIR Acta Universitatis Medicinalis Anhui 2026 Feb;61(2)

e S R B A Ten/PCL B S ali Ak i H Lb %%
TP AR Ee L IMVERER Y, TE R e
CLWAF_EAKRFHFR, M 26105325 TEFRGF%, BB 276800;

WA -EAKRFHFR,FE 250100)

ME B ALUERCR AR AR AR br , HRGH IR 5 SR R A 1 Al AL % 2k B 11 /75 © R (Tho/PCL) BERIYRCR . 5
R R IO A5 A A R -6(C6) I B C MR (PCL) A, AR 38 2o JC I e 52 7 KE T B0 S e R e 1T . il 48 17
PP Tfn %285 B A9 JBE SR 2 TEn/PCL o, Fl TEn/PCL g 5 I X5 R RMEAT 74020 30 24 SR AE o 380 e 7 08 6 1) SRR 12 % PR I SR EA 7
T oA, IR AR PEAT T LU T AR IROR R T T MBI . R 6 I PCL K AR BRLAR O 73
nm, # 2N 0. 046%. 28 Tin A& J5 , Tin/PCL , F1 Tin/PCL (V- XIRLAE 53 5 7E 134 nm F1 158 nm, K/NHL) . alifb 45 R 3RH 7R
FBUEH AT Tn/PCL , H Tha/PCL i , 43 BIELE 2 AT 1K, T 5 C6 R HU (B 4> IR ETE 23. 6 F1 3. 45 7T B BESE I v,
Xt Tn/PCL ; , B33 2 R Tin 55 C6 W B LU ARG SE 7 23. 75 M4 T Tfn/PCL (41, 4 YCUE IR H Y Tha/C6 B LE AR AL 5 BT H
JEL 5 4 YCHY Thn/C6 HLAE RIS 55 1 0CH) Tin/CO P B R, AF 7R B PE 22 5 (P=0. 042 4) o J@ i 3153 Thn/PCL , 1 Tfn/PCL ;3R
T8 Tn A0 B, 15 H R 0B I AB 0 88 B2 401K 94. 9% 11 13. 8% , il SR IS VLB 1 % i 43 30| 1 95. 6% Fi1 14. 4% , HLAE Tn/PCL ¢
EHPRR 22 5 A GETH2E (P=0.000 2) . Z5i% U1 R SRMHBE IR 156 1 400 A ORI, (E A SRR BRE A 2 4 AL J R A5 1

Thn/PCL B S 20, 211 Tho M1 B2 B R, 3X— 22 5 7E Tho/PCL R A4 2 B 0 W
REEIA RS MRWEBEI ; e Al FeER AR 1 5 290k R G s UM T

hEERS R944
XEERER A XEHES 1000 - 1492(2026)02 - 0258 - 06
doi: 10. 19405/j. enki. issn1000 - 1492. 2026. 02. 010

TE RIS T U, Z AR T 1 32 3 HE 1) 25 1) 3
K RGE R T AR SR 0 2K — B AR BT, AT 42
B AROTRRARFE RN, K2 B 252 TARE &
B2 2R M (transferrin, Tfn) 52 Tfn 52 44 (Tfn
receptor, TfR ) P45 S MR AR, AR Ay 8 1) P 44 )
T2 P TR S e LR A0S R L
G J52 S5 96 A SV R BB YT BT T AR M 1Y
PG RGEMEE L MRE WA KNG BT
AL AR BRI 745 o Tin 388 5 38 5 B
¥ LIV %ok A 0K 2 ) 38 1 AR G EA T IB A B S Y
A7 AR I BT 73 g P 2K < B0 AR Y
BHR CanigE b g ) AT HERRL Y 4 BB R
(o] SR MHBE AT 53 25 ) o SCHR vh 07 T 1 7 A 4l £

2025~ 10- 09 &

FEGTH  E K A RFHAIES T H (445 :81903553) s ILARAE B AR
SEFEGTHH (45 : ZR2017QH006) 5 111 7R 45 £ 25 TR R
T H (45 :202413020723)

(P <8 e (1 o )] S A Y
FE 2, b 2 L R i E VR, E-mail .
wang_huiyun@126. com;
W T, W, WA 0 SE A /R, E-mail:

guancyn@sina. com

DR EARAT W R0 SR SRR T R g
VTN RO BE I 1k e B AR AL BT AR 3 1
Tin B 1% 5 J7 T A S [R] , LU 4 J5 Tin A& 4 ) 24
K2y ik F GERY BT S H A I A48 T A 94 0K 138
KRG ERBS .

1 HE5H®

1.1 FZEMUEF  N-1300 sk 28 LA (H AR 5t
AL g bibR R A4E) . FDU-2110 B4 0L (11
% WAL B ) Nano-ZS90 1 e B ) (3
[ Malvern 28 7)) . F4600 % ¢ 5 20 6 6 1 (H AR
Hitachi 23 7] ) . JEM-2100PLUS % % &} H1 55 ( H A<
JEOL /3 F] ) | Centrifuge5424 1 85,0 HL (7% [E Eppen-
dorf 28 7] ) \DNM-9602G H4 B A1 (b 5038
BRI ARG BR S 7] )  Sorvall ST 16R 7 25 38 185 55 .0
HL(ZE[E Thermo Fisher Scientific 23 7)) o

1.2 FERKFMEM WRERL EEC N
1 B 3t B ¥ (HOOC-PEG,0-b-PClLyyy, it 5
MKCM9500) ¥4 [ 7 & Merck 2 7] 5 & 5. 2 -6 (Cou-
marin-6,C6,4It5 . LT60P69 ) | N-#5£ 5L BF ¥k IV i (N-
hydroxysuccinimide, NHS, #it 5 : LA70P85) . 1-(3-—.
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F LG L 3L ) -3- 2 Lk — W Ji% (ethyl dimethyl ami-
nopropyl carbodiimide , EDC, #it5 : LUAOP62 ) ¥4 114 F
bt EH R A A R A R 5 2- (N-" HEwk ) 2% R
(morpholinoethanesulfonic acid solution, MES, 4t %5 :
827C021) i BBHEEIR G-150 (L5 :20230509) 411y
Adb i REERHARA R O (g, it
B2211267, 4l [ >99. 9%) W4 [ L i hr T A AL Bh
JBe i A R A 5 N Tin (4165 : 102436695) . SigmaPre-
p™ spin column B0 EE%E (L5 : 1003249901 ) 411
EESE Sigma-Aldrich /N 3 Micro BCA™ Protein As-
say Kit 23235 (It 5 : XK358025) fJ H 2% [& Thermo
Fisher Scientific 2 &l ; Amicon®Ultra-4 #8 € &5 .0 45
(A% : MWCO100K, fit %5 : 0000216249) Iy H &
Merck Millipore 23 Fl .
1.3 FHi&
1.3.1 Tw/® T A B (Tfo/polycaprolactone, Tfn/
PCL) i R 89 #) &5 A2 A48 1 PP T A& 115
WY PCL SR (Tfn/PCL y; \Tfn/PCL ) o 14 i 1
T BB K A 1) & A 2 6 R BT Co 1 PCL I 3R
(PEG-PCL-C6) . T 25 mL i JE i H it A PEG-PCL
(1 mg/mL)F1C6(0. 5 pg/mL) Y Z IR G 4 mL, T
60 “CIH e 7% 256 4 U5 , A 60 °CHY PBS I
2 mL, i 5 #4 2HES min, 12 000 r/min 2514 F &5
05 min, B Z9F B Co UTTE , L5 W R A PEG-PCL-
CO6 A1 PBS 43 B« BUZ A B 1 mL, AKUINA
0.09 mg NHS 0. 16 mg EDC LA & 1 mL MES, % i $i
$£20 min Ji5 , LA Tn £ PBS I (10 mg/mL, nPCL:
nTfn~1:2)4.5 mL, 8 5 & R pH(ETES. S, &
T RESEHEFE 8 b, BI A5 Tho 755 16 1 % J& 1Y PCL IS R
Tfn/PCL ;o [RIFE R J5 3 i 48 Thn AR B 16 % B2 %) PCL
JiE B Tfo/PCL ;¢ (nPCL: nTfn=100: 15) o iz 2438 1 ¢
JEA G R LA PBS S R T R R o
Co e —2, & H .

SR FH 801 28 TSRS 3 DN Jg SR 1 R A R /N Bk
FE A O o A R DU 2 A A I M 633 nm, A
S SHUHEHR AT MR 907 I RE IR A 25 °C, 4
ANFE S I A PR A A Bl R RS SR S U
58 of iE OF i 85 5 (transmission electron micro-
scope, TEM)#FATUREE . 1 5 22, $F B 7K 43 WO/
BT EE R T R W R
1.3.2 ek Cossaamle  ARICRHZOLME
R IEAT Co B I e o K 2 R IBGE & Co6, LA
B R 5500 2R G0 40 I L 8 1.5.10.20.,50 . 100 ng/

mL R G AR HE IR . DU A R SR Kk
S (A /) 2H 450 nm/505 nm , I 4% 55 1 R 5 nm/
Snme S HIEO. 5 ml bR AR o TR R AT 2 i
T2, BRI BE AT 5E 37K LA Co Ik 5 56 o
JE AT BT, 2 b v i £k

A 2% W B PCL it o 2 WK 2 mL il A Amicon®
Ultra-4 88 I8 25038 B 1, 77 000 r/min Z5 145 B0
10 min, 7 2 UE R, T8 8 2500 B A MR 4 VP IR
A LB 7K 3 mL BB, R B0 AE . /e
VR HE B B0 3% B P R 4R T P MO, R T
JE AR, RIS 31484 C6 Y PCL ISR A i . RHd+
Jer B4 JBE AR 3 o F R, 0 i e T A0 (A 28 A
JEE T N Y C6 58 4 BT VAl o 4 FRETIR S 43
R A AT I 5, XoF B A v T 2R 315 i o v
CO R R IR R A 3k 2 i

e DE IR H P CO T

A e

B 240 8 8 08 Fd Yk L Y T B M A5, 7T 0
WHERAE , B TS A #4213, 13
D7 BRAE T Co ZEEIR I A , 2 5% Height {HL, 47
AFRUERTEE 533 CoOWE .
1.3.3 T/PCLAZ R #5440 R4y B 145 Tfn/PCL
J oA 3 R HP A 5 4 IV A S Tn, T B 1 45 A
A AT 4y B Al AL AL B A SR R 28 i i) 4l £k
Dy I A T HOAE - R TR VR SR T
1.3.3.1 @yEk R4’ Th/PCLEEH 1 mL,
T2 25 /KIS B9 Amicon® Ultra-4 #8738 550025
BB AR iR B 7 000 r/min, B 10
min, & B 4 °C,NEAR T RECH 6. B0 1R L UK
EUE LR a, /INO G B B0 T R
L PBS % M U % B0 26 B 3 IR, B T MR e T S vk
BB I 2R 1 mL, 8 MR 6 a3 990 ul ik
AW L HEAT 50 2 KB IR 4l b, WA 8 e M b, )
FE R ERAE MR YR 4R WL A by DL S 3 A O 08
a3 e e o aifh 4, BRI 4E R a b e d,
DI, LI, IV,
1.3.3.2 HIRMEEE L AR EE I G-150 $E 1T
TEBEFKPEK24 hs . B mL %KY
] S8 W B s 2 PR VR A Sigma Prep™ 5.0, T
1 000 r/min %3 F B0 1 min, 3 FIEW . 7EIE MY
) SROWE B8 I AR 2R 1T /N 0 T 0 40 pL FRF 464K Y Tin/
PCL o 23 B , T 1 000 r/min %% 3 F B0 4 min,
WA 0 A IES R U0 S AR A RO . BB i T

x100%




- 260 - ZEAKFFIR Acta Universitatis Medicinalis Anhui

2026 Feb;61(2)

40 plL, R IR ELOERAE SR UE 8 B R A3 O
T E LAl 1k 4 K, 15 30 U8 H 4l Ak 0 5 AR 2 BOR oy
BIFRIE A 1.2.3 .4,
1.3.4 #ALst R 547 Th/PCL IS A il £ J5 5
JEFIH Tfo 43 F H A ZIE S PEG-PCL - [l B2 3L
It B i B i AT A B o AB AR UR TR B R PR R R
TERE B ES T 2> T RO BE

ARSCHEE T W R aliAb o B 5 ik o AR R A
(4 3 5 D B R R 7 1) 4l A8 B 2 U8 D VR P OR ARG
H T, H¥RAE W T &5 Co & 1 HLE B T
i, I A Al Ak 58 4

AR 47 SR B M ) 3 8 D L A SR R I 1 1)
afifbHe bR 2 S g R Th &5 Co e iy L e &
I, ATIACH A A 56 4

Tfn F5 5 19 I 22 77 2R FH s ik B 72 (bicincho-
ninic acid, BCA) . il & 2, W4tk J5 i) e 46 W L
T WO B8 M AT B VKIS EE A 438 S min, HURR
20 pL A 96 FLAR 4R 5 i A Fae HE U B 45 B i 9
TAEW 200 pl/AL, BASFE B 3 A7 0 R, 5
SPIRAIR , T 37 °C EBEEHEE 30 min, 7E 540 nm 40
AU 5 TR G B, 422 BE ARV B R T8 T B9 75 1
1.3.5 %t 42 ALK A GraphPad Prism
10. 0 B BEAT B A GE T 2400 M o 45 Bl 4 SR LU
s R, R K 9 F LR R T 2253 T (ANOVA)
W P<0. 05 W 2ZEm A gt L.

2 #R

2.1 KRHIFBEIMTES SRR S I 0
&4 & 1 iR . PEG-PCL-C6 IR o (& 1A

1D) . Tin/PCL & H (] 1B 1E) LA K Tfn/PCL , I
(L 1C . 1F) BRiAR KN Je Z2 57 148 28 (polydisperse
index, PDI) 43 %1 & (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 & i J5
JE B 7K AR AR B 3 O, HL R 8 1 2 R Y 4
I kAR K . TEM 45 5] A1, A5 A0 s o 2
R I 4 BRI 2544

2.2 BMRHBH=E

2.2.1 CoArfrnsk A UREE Co W WM N Y2
o B S R W 1. DL COVE R C(ng/ml) Ny
T A A | X6 IO 8 28 5 B Height {H A 2\ A8 bR A 748
PR (FE 2) , 1526t #2 H=0. 369 1 C+0.512 7,
R*=0.999 5,45 KM , C6 7£ 1~100 ng/mL ¥ J# 75 [l
PR SRR S R R AT

F1 TEC6REX AR EER

Tab. 1 Fluorescence intensity of C6 solution

C6 (ng/mL)
1 5 10 20 50 100
Height 1.133  2.697 4.119 7.432 18.723 37.631

2.2.2 PCLARR#EZE HHET 3N, KI5
R A B b co S g 2 s . MR
N oy DU HICO P ik .
ﬁ:&ﬁié@ﬁ%g%xm%,mﬂm
FE Sl B2 R Y 28 25 1 5 518 0. 046%, 0. 045% LI I
0.047%. MZERTH X T LT KR &
WA K, S 3R 2580 0. 046% , il £ T. 2 Fa 2,

RERE A i S lifl 7 ik BT SR R 2 A

A Size distribution by intensity B Size distribution by intensity C Size distribution by intensity
10 20 20
S8 S5 Sis
> 6 z 2z
Z Z 10 Z 10
5 4 8 g
R ES £
0 0 0
1 10 100 1000 10000 1 10 100 1000 10000 1 10 100 1000 10000
Size (d.nm) Size (d.nm) Size (d.nm)
D E F

El1l PCLERMZXNRIARSTEM R
Fig.1 Particle size and TEM images of the PCL micelles
A,D: PEG-PCL-C6; B,E: Tfn/PCL, 5 C,F: Tin/PCLy,
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0 10 20 30 40 50 60 70 80 90 100
Concentration of C6 (ng/mL)

2 Colriftiizk
Fig. 2 Standard curve of C6

R2 ZHETRRRERCOEE (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 (g) 1. 634 1.436 1. 642

2.3 HUBRIFEM

2.3.1 Ak WIS 0 R A E S alifh
AR BE R T LTI IV 3647 T & 8K
W, 2502 30 XTRAE W a b e .d HEAT Tfn 5 2
JE N CO & f e , I35 Tn/Co 1Y MR E LA, 25
W4 HIZERATH, X T 5 5 B i Y Tfn/PCL
4R 2K G, B R BEARKG AN H T I AEHE
[ INF 45 5 V& WD Tin/C6 oA Y 728 46 7T 0, 4l 4k 2
W , Tn/CO LUAEFEALRFE AN, Al 4lifbh 56 4. i
Xof T 5 BE A A B Tin/PCL A1, B3 1 5 , BB
HLP AU H Tin B9 AFTE , B3 WP T/C6 1 1
EIEAPREEAAE  RIATELL 1R G , R T lifh e 4

®3 BRZBHEPTMEE (ng/mL)
Tab. 3 Content of Tfn in the filtrate obtained by
ultrafiltration method (mg/mL)

Filtrate Ti/PCL,,, Tin/PCL,
1 3.964 0.029

I 0.013 -

1 - -

v _ -

2.3.2 #WEEBEE KR —MALALK ThE
T J o, B 40 pL 322 1. 3. 3. 2 15 F 454, gEAT 44k .
S WS A 9 1,23 4 BEAT Tin FI1 C6 & RGN,
IR A . SRS, g R a, X T e
FEREM ) Tin/PCL 21 , 82 2 5, U8 1 W h Tn/C6
FUAB FEARE RS, vl i ali Ak e 4, X 5
IEE IS — 3, A B, X AR BB

F4 BRERBEEPTMEE.C6ZE.T/C6LLE
Tab. 4 Content of Tfn, C6, and the Tfn/C6 ratio

in the concentrate obtained by ultrafiltration method

Concentrate

Density of Tfn
a b c d

Tfn (mg/mL) 27.256 30.255 30.824 31.608

Ti/PCLy, — C6 (ug/ml) 1.144 1.282 1.308 1.341
T/C6  23.825 23.600 23.566 23.570%%%

Tfn (mg/mL)  9.407 8.227 8.005  7.696

C6 (pg/ml) 2.744 2.405 2.339  2.256

Th/C6  3.428 3.421 3.422  3.411

Tin/PCL,

##%P<0. 001 vs supernatant a.

RS HERMERAOEIRH P T, C6 & & . Tfn/C6 tL{E
Table 5 Content of Tfn, C6, and the Tfn/C6 ratio
in the filtrate obtained by sephadex gel method

Filtrate

Density of Tfn
1 2 3 4

Tfn (mg/mL) 1339.883 541.452 227.917 94.885
Ti/PCLy, €6 (pg/ml)  55.882 22.809  9.604 4.002
Ti/C6  23.977 23.739 23.731 23.709%%%

T (mg/ml.)  201.130 79.908 33.270 14.077
T/PCL,,, €6 (ng/ml)  57.306 22.567 9.301 3.942
THn/C6 3.510  3.541 3.577 3.571%

#P<0. 05, ***P<0. 001 vs filtratet 1.

Tin/PCL (21 , 5 BRMEEE e 12 5 8 D8 A7 A I S AR [
(IR . 4 M 2 TP, 4 YR B W P 1Y Tha/C6 1Y HE
(AR P S b Fh a3, g ad 3 X A # T3
AFE o Tn/C6 HLAEUE T 17K (3. 510) AIgE Lt 4 ¥
(3. 57T B M2 57 (1=2. 917, P=0. 043 4) , iX
— PG5 R, D 5T 400 1 o 3
Tin (918 Ui 25 B ke 0F — 25 0 W7 o AR 0 e o179 2k 24
I, LAY C6 A Tin (¥R BE , 38 T iR 220
Ji2 o 1T Tin ARG 1R 5 5

C.1,/80 000
Tfn% = x 1000 x 100%

gk e N, AR, Wi ali i)k
FHEL, TCie i % B 2 3 SR 3 A o, ) SR R e
Al Ak I A5 I TR S T T 8 10 % 1 i T R i k4l
PR PTAS SIS AR AR AR % B A 1% 22 S A B - D
1k 4 YT R R I 1 Ak I AR IS SR R I Tfn 2 5
A 14. 38, 8 UE Ik 4l Ak BT 15 5 R R T T % N
13. 74, B G 2¢ 225 (1=8. 134,P=0. 000 2) .

3 itig

MR R LA R AT SE 5 25 R,
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£6 WRITRAA Ti/PCL SRR E T MIEIHEE (%)
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 94.91
sephadex gel method 96.55 95.59 95.56 95.47
ultrafiltration method 13.80 13.78 13.78 13.74
sephadex gel method 14.13 14.26 14.40 14.38""

Tfn/PCLy,

TH/PCL,,,

##4P<0. 001 vs Tfn/PCL,  ultrafiltration method d/4.

U 1 TR R R e s 1 i A S5 SR AR T < A T 3
LR (nPCL:nTn =1:2) , BiFP k3T BEA LT
2 WA Sl Ak B B AT KE 5 28 (4 Tin 43 B8 58 42 5 76 Tfn
B4 % BE B R A5 0L (nPCL: nTfn =100:15) , 4fifk,
VYREDAT . ELAK IS FRAS Tho 466 e o B4 2013 77 18
PR 7 VA 0 M 2 5 - SR e v Ak )5 Ak
3B To/PCL IR T Tn B % B K, X — 2% 5F
TEAR 5 BE Tin #6119 Tn/PCL i o 4 Ak vh 26 380 Ky
iR

25 57 D PR R S Ry i 1Y) ) 8 4l Ak R
FHIG o Thn 8 1 JE AR — M AR I8 T 55 1 48 1 2% 2 A 7
FERE, T 23R 6, 38 28 Bk e B N 3% 42 3 i R
AT, S5 I 235 SR I 85 2R BT ) T HAth 3 2 B8 5 1
AR NG A A F B, BIAS T A& i 19 48 K a2k
LRGN B R R B AR H R R
R sy B aifb Y B i o T 22 5, R W R
Gy TN KA o F /N ) T e B 25 T
SOBBE IS ) FH 43 HEBH €0 3% SR 3 /N T
A p R I N I R R T B AN B
HEBE B S, D AR PR 2o 8 A E A B8 R
Ten/PCL I it 25 2 1 Tt 816 % 2 AR ], 20 F K
INEAEZE S . RIEE MR R X FizERA
U, T HAEAR % B Tin/PCL KSR A4 43 85 4l Ak, %o
FABMG (1 AR LB i 1 R 2B, BT A =k
Tn B FAAME P FP PCL S TR A 117 75 SR M
B RE 125 4 1) D 3 R A T AR B AT T R A% 3
RN 2= 5, D Bl 5 0 e A SR O R A 2l Ak vk
B8 22, Tio B4 (1) PCL KSR 4 B A 240 R 38
FEIAE T B B L, BT Th 1810 % 5 5 PRI N4
B PR T AR Tin/PCL SR il 2lifk v 22 57
NBH G T 7E A 35 BE Ten/PCL e o 114 2l Ak v 26 310 Y
B 25 55 . 0 SRR BEI 15 43 B8 I 49 (1) Tin/PCL iR
5B U A AT M B LL , T Sl B

T3 A0 INERAE DL B AR 55 5 T R A e 0 1

A X B Sy 5 B R 0 A A AR SR B
W ERTTEEZ R WA 5 A 55 e A a% B e A
FOREARTE A RS R E A R A% H
A% AH G L, HL— s B b ] 5 8 ) R
B

SCHRUS B, 45 24 2R 45 2% 1T O AR 1 48 1 4 13 o)
T 32 20 M 1] 245 ) 8 2% AR G 0 HE 1) R LA Y
iSRS SC LA A T 48 4 A4 RS SR R F ST X 42
B LU T WP 4l Ak Jr i ——— e U T R R vt
J i, =3 B Al AR R AT, (E A SROMEE e vk i ik
Ji AR A B Thn/PCL 8 AT 40, 3 T Tin 816 25 & 07
K, X — 2 FFE Tio/PCL & o &4k b 22 38t 0 B
o AT ZE A 45 T B 1 98 K 259
W IE RGBT, DL T 2R i e A A A 1 4k
IR GRS

[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. 1038/541578-020-00269-6.

[2] LiJ, 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/].
freeradbiomed. 2018. 06. 037.

(4] WAL B, X s HERE O S R 2 AR
BRI VB 25 B K2 2440, 2006, 23(10) : 676-80.
doi:10. 14066/]. cnki. en21-1349/r. 2006. 10. 017.

[4] Zhong Z R, He Q, LiuJ. A survey of studies on drug delivery of
transferrin and transferrin receplor[]]. J Shenyang Pharm Univ,
2006, 23 (10) : 676-80. doi: 10. 14066/j. cnki. cn21-1349/
r. 2006. 10. 017.

[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. 1016/51357-2725(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 TR820-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[ﬂ. Drug Deliv Transl Res, 2023, 13(3): 822-38. doi:
10. 1007/s13346-022-01245-z.

(9] 7 #F, XM, JPHIE, 55 . JRBUAK BR324k miR-145/
CPT JHF 95 0 o) M3 06 R ESEAR AR R0 2L 52 [0 ], et
K22 A, 2024, 59 (9) ¢ 1501-8. doi: 10. 19405/j. cnki.
1ssn1000-1492. 2024. 09. 002.



ZEAKFFIR Acta Universitatis Medicinalis Anhui 2026 Feb;61(2) + 263 -

[9] RongJ, Liu TT, Yin X J, et al. Co-loaded with miR-145/CPT transferrin-polyethylene glycol-polyethylenimine/DNA  complexes
nanoparticles for targeted delivery and magnetic resonance for systemic tumor-targeted gene transfer [J]. Bioconjug Chem,
imaging in hepatocellular carcinomalJ]. Acta Univ Med Anhui, 2003, 14(1): 222-31. doi: 10. 1021/bc0256087.

2024, 59 (9) : 1501-8. doi: 10.19405/j. cnki. issn1000- [13] Toma C M, Imre S, Vari C E, et al. Ultrafiltration method for
1492.2024. 09. 002. plasma protein binding studies and its limitations[J]. Processes,

[10] Hong M, Zhu S, Jiang Y, et al. Efficient tumor targeting of 2021, 9(2): 382. doi: 10. 3390/pr9020382.
hydroxycamptothecin loaded PEGylated niosomes modified with [14] Tayyab S, Qamar S, Islam M. Size exclusion chromatography and
transferrin[ J]. J Control Release, 2009, 133(2) : 96-102. doi: size exclusion HPLC of proteins [J]. Biochem Educ, 1991, 19
10. 1016/j. jeonrel. 2008. 09. 005. (3): 149-52. doi: 10. 1016/0307-4412(91)90060-L.

[11] Wei Y, Gu X, Sun Y, et al Transferrin-binding peptide [15] GuoZ, He B, Jin H, et al. Targeting efficiency of RGD-modified
functionalized polymersomes mediate targeted doxorubicin nanocarriers with different ligand intervals in response to integrin
delivery to colorectal cancer in vivo[ J]. J Control Release, 2020, avp3 clustering [J]. Biomaterials, 2014, 35 (23) : 6106-17.
319: 407-15. doi: 10. 1016/j. jconrel. 2020. 01. 012. doi: 10. 1016/j. biomaterials. 2014. 04. 031.

[12] Kursa M, Walker G F, Roessler V, et al. Novel shielded

Comparison between ultrafiltration and dextran gel method

in the purification of Tfn/PCL micelles
Yu Lingho'?, Zhang Yadong”*, Xu Rui'?, Sun Yuyu’, Wang Huiyun®, Yang Jinjin', Cui Yanan®
(" College of Pharmacy, Shandong Second Medical University , Weifang 261053;
* College of Pharmacy, Jining Medical University, Rizhao 276800;
* School of Pharmacy, Shandong First Medical University , Jinan 250100)

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, re-
sulting in two types of micelles: Tfn/PCL,; and Tfn/PCL,. The pharmaceutical properties of the two types of micelles
were characterized. The micelles were then purified through ultrafiltration method and dextran gel method respec-
tively, and the efficiency of the two methods, along with the purity of the final micelles, was compared. The den-
sity 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/PCL, and Tfn/PCL,, 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 Tf/PCL,, and Tfn/PCL,, respectively. For the dextran gel filtration method, the Tfn/C6 ratio
reached 23. 7 for the Tfn/PCL,; 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. 042 4) was ob-
served between the first and last filtrations. The density of Tfn in the final micelles were calculated. For the ultrafil-
tration method, the Tfn density of Tfn/PCL,; and Tin/PCL, 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/PCL, group,
the density results revealing a statistically significant difference (P=0. 000 2). Conclusion The purification effi-
ciency 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 Tin/PCL; micelles.

Key words ultrafiltration; sephadex gel; separation and purification; transferrin; drug delivery system; ligand
density
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