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Preparation and Cytotoxicity Evaluation of Doxorubicin-loaded Rhein Conjugate Micelles

HAN Lifeng, OUYANG Huizhi, QIU Liangzhen, XIE Yumeng, XU Wei, WANG Xiaoying"(Fujian University of
Traditional Chinese Medicine, Fuzhou 350122, China)

ABSTRACT: OBJECTIVE To prepare doxorubicin(DOX)-loaded TPGS modified carboxymethyl chitosan-rhein(TPGS-CR)
polymeric micelles(DOX/TPGS-CR PMs), and study its cytotoxicity in human breast cancer MCF-7 cells in vitro. METHODS
DOX/TPGS-CR PMs were prepared by dialysis method using TPGS-CR conjugate. The particle size of DOX/TPGS-CR PMs
was detected by dynamic light scattering(DLS), the entrapment efficiency(EE) and the drug loading-capacity(DL) were studied
by Ultraviolet spectrophotometry. The vitro release studies were performed in PBS(pH 7.4), the cumulative release rate of DOX
was calculated, and the cumulative release profile was plotted. The cytotoxicity of DOX/TPGS-CR PMs in human breast cancer
MCF-7 cells was detected by MTT assay, and the survival rate of the cells was calculated. RESULTS The average particle size
and polydispersity coefficient of DOX/TPGS-CR PMs were (151.3+1.8)nm and 0.129+0.020, respectively. The zeta potential of
DOX/TPGS-CR PMs was(—26.9+0.8)mV. The DL and EE of DOX/TPGS-CR PMs were(23.16+0.01)% and(55.00+0.04)%,
respectively. Cumulative release of DOX in PBS(pH 7.4) from DOX/TPGS-CR PMs was only about(35.73+2.21)% at 24 h, while
the cumulative release of free DOX-HCI reached(90.25£6.20)% at 6 h. The cytotoxicity of DOX/TPGS-CR PMs was better than
doxorubicin hydrochloride(DOX-HCI) in the concentration range of 5-20 pg-mL~!, especially at 48 h. CONCLUSION The
DL of DOX/TPGS-CR PMs is good, and the particle size is small and uniform. DOX/TPGS-CR PMs have a sustained-release
characteristic. TPGS-CR conjuage is less toxic and safe. DOX/TPGS-CR PMs display cytotoxicity significantly in MCF-7 cells.
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Fig.1 UV spectrum

A-DOX-HCIl; B-DOX/TPGS-CR PMs; C-TPGS-CR conjugate.

212 LMEXRFRFLE  KEF DOX-HCI 2 mg,
AW EEAT 10 mL #i1, 15 0.2 mg-mL™' DOX
&, A& 15, 20, 25, 30,
35ugmLt REVMKE, DIHEE 2 (AW, 1
502 nm AT E HR G HE (4) , A 4 R EE Cug-mL™)
HATENE RN, 75 [ J7 R 4=0.020 9C—-0.025 9
(r=0.999 7), W FETE 15~35 png-mL~' NI R BT
2.2 DOX/TPGS-CR JiEH 1 4

DOX-HCI Jiit #5 : K5 % F HU 12.86 mg
DOX-HCI, JH 0.42 mL DMSO &G, wE it
TIMA=ZM(DOX-HCl : =Zi=1: 3, FE/KIL)
9.52 uL, fEPES R, i =25 DOX-HCI 5843 2
M, B2 HCLERL DOX, BI85 30 mg-mL™!

P E LA P 257 2020 4E 8 45 37 %45 16




DOX fi) DMSO 7

K HEMT S £ DOX/TPGS-CR W . FREL
TPGS-CR 4 18 mg, Jil 3 mL #HE4LKIFM, vk
IKIEHER 10 min, 85 #ET1HEFE T 4% 400 uL DOX
f) DMSO ¥ (30 mg-mL")Z& &% ¥ TPGS-CR
BB, BIZEERE 20 min J5, WKoKIBHk
M 30 min, EENAET, ZEBACHIENA T,
BN 12 he Z5RENTE, KOKTBHEL S 20 min,
A 0.8 um flALuE BE 8, ¥R T RIS
DOX/TPGS-CR i .
2.3 DOX/TPGS-CR CHUKIAZE . 434 S B

FREL 4 mg DOX/TPGS-CR ZH, FIA 4 mL
ZRIK, VKOKIBHELEA 10 min, 0.8 pm JEARE
DS, HIRLT O BEASCIN R e R AR AR S I A
i o SEH4KiA% R (151.3+1.8)nm, PDI iy 0.129+0.020
(n=3), Rif£<200 nm, HAAEIA], B R (-26.9+
0.8)mV (n=3). Z A1 KL TPGS-CR 1B i o )4
#£4(122.80+7.80)nm, HL{Y Kj(—4.52+3.65)mV., 5
BRI, B2 RO A IR, H
PLAHXTE AR AR, SR AR R A MRS
2.4 DOX/TPGS-CR I HITE A2 R AR

G DOX/TPGS-CR AT, FH 2.0%E
TR A G, 5 5 H T B B %, DOX/TPGS-
CR IEH R IKIE BRI , A3 5 A5 R LA 2.

200 nm

2 DOX/TPGS-CR fi K % 5t 0,4
Fig. 2 TEM photograph of DOX/TPGS-CR PMs

2.5 DOX/TPGS-CR & # #% 2 & (drug loading
capacity, DL)M ¥} (entrapment efficiency, EE)
FA I 2

SR HIEEAh-0] W43 66 B2 B i DOX/TPGS-
CR sy DL &% H: EE,

}5 B FRHL 4 mg DOX/TPGS-CR JRH, il 2 mL
Sli7K ORI AR, B 250 pl FH st 4%
5 mL, % “2.17 WFJENE DOX ) 4, Jf
AR FH 242 2020 4F 8 A4S 37 B46 16 1)

A DOX Mk, I T AXTHE DOX/
TPGS-CR Z# ) DL #1 EE,
DL(%)="1x100%
my

EE(%)="1x100%
m

X, m B ARAK T DOX TR, m A
DOX #2448 , my s DOX/TPGS-CR i i Y it .
%414, DOX/TPGS-CR % (%) DL 1 EE /3
I°A(23.16£0.01)%F1(55.00£0.04)%(n=3)
2.6 DOX/TPGS-CR & R ARSI 5T

F BN A EFT DOX/TPGS-CR KSR
FGRE . %% T DOX/TPGS-CR JEE R AERELIE
W AR R pH 7.4 1Y PBS 1AW HHROIE I o

Pl pH 7.4 () PBS WA S 1, IS5
JEEETTAE 502 nm AbHEST DOX (AREM £k . Higk
PETTFE N 4=0.017 5C-0.002 4(r=0.999 8), HFELE
15~40 pg-mL! PIZRPER R RIT

A3 kS % PR B DOX-HCI 2.13 mg il DOX/
TPGS-CR JX T 8.63 mg, %3+ %I/ 4 mL PBS(pH 7.4)
i, B2 mL & TENTAEY, DL 100 mL PBS(pH
TAYNBERA BT, RIS K, 5
100 r-min~', 37 ‘CHEATIRIMREIA LS . 4351 F 0.25,
0.5, 075, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 18,
24, 36, 48, 60 h BUEMTAEAMEIA BT 30 mL, [A]
M 30 mL [R]3R 45 F PBS(pH 7.4), BUH ARSI
IR E T 15 FGE & PBS &3, %My
eI E Horh DOX (&8, HE R ARt
. DOX 1 ZIHREE

n—1
Opox (%) = 2 GG o

DOX

3, Opox N DOX WY ZEIHRECE; Vo
B B ] S R B AR R, 10=30 mL;
Ci Ny | KHURERT, B iarh DOX MR EE s 11
FREA B AT, =100 mL; C, N5 n REURE
B, B DOX MR IE ;s Mpox NBHTASH
DOX AT (DOX i =48 25 & xR 25 IR R Y
FiiE).

HA WA AE pH 7.4 1 PBS I BB h
ULE 3, DOX-HCI 7E PBS(pH 7.4)75 Wk HH B TiCse bk,
7F 6 h BYBE>90%, 10 h B B BEHUCRITFHE AR,
HEMHATREH DOX MYEHUSPES I . T DOX/
TPGS-CR CHIWRENE, 6 h B BiHREHCR K
26%, 24 h ZITERAN 35%, MR 60 h )5,
-1923 .

Chin J Mod Appl Pharm, 2020 August, Vol.37 No.16



DOX HIBIHEM LA 44%.

2.7 DOX/TPGS-CR &A%+ MCF-7 4l B PE A5
2.7.1  AiffIlE3E MCFE-7 4fi4E 37 'C, COx(5%)
Rig#40 H H MEM 8532 L EA 785 9% | i gR 3k h &
H10%M2F M, 1%EH ARG R, 1%ELTHE
R, 1%SABM . WE 559000 & k3

80%~90%H, BIFIMLACREFE, A 2~3 IR,
100

—e-DOX/TPGS-CR KR
—-#-DOX-HCl

80

°\\°
ﬁ 60
AR
i
= 40
Bk

20

0

0 10 20 30 40 50 60
t/h
3 DOX'HCl f2 DOX/TPGS-CR f& & 1k 4 8 # th 4

(PBS, pH 7.4)
Fig. 3 In vitro release profile of DOX-HCl and DOX/
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2.7.2  4IEFEAE: @ik MTT 3E9F454 DOX il
X MCF-7 4l 402k, LA DOX-HCI 2y
X, BOSEUE KIEMINE, DL 1x10°-mL™! (9%
JEFEANE 96 FLAR T, F3FLIn A AL PE IR 100 pL,
R TR E 48 h [UHLIEEE & DOX-HCI
24 .DOX/TPGS-CR X # 4 . TPGS-CR HEBEH2H (1%
DOX/TPGS-CR M&H Wi & TPGS-CR Ik it
. FAAMER A, WBE R RS -
A AZ R, ] 96 FLAR T IA 150 uL 5 2585
FE 2 IR, DOX ¥JE H 0.01~25 pg-mL™!
) 8 PR, B MERETAT 6 1~FL, DIAS
YRR S SRR MTT W2 HA, A S
M N IEF 4, AN PBS 1 BOREG  3000
37°C, 5%CO 87348 E . 4l Fhngi)s 24,
48, 72 h BEEFEARECE, RERIEFRM, BALMA
0.5 pg'mL~' MTT ¥ 100 pL,37 ‘CHs 34t rhaks:
WEE 4 h JFEGH /NI EVE W AL A DMSO
150 uL M iE R B85 Y . w5 B A AU AR
570 mm AL RE OGRS o XTSI AR
FIXHARIAE % 5 (0= semmle ~ o

A
blank %x100%

control ~ “*blank

R Aample A2 7 A LS5 25 4RO R
Acontrol 72 FH 25 FARE TR LA FR A9 1M A9 W E RS, Aptank
S IR IR G

ARl EE DOX i3 & TPGS-CR fHEY)7E
-1924 .

Chin J Mod Appl Pharm, 2020 August, Vol.37 No.16

24, 48, 72 h B % MCF-7 4 o 1) 40 At 25 4 1 U0 &
4, FH GraphPad Prism 5.0 715 4% 4 il 7 #4) ICso-
Wit MTT i3, TPGS-CR {BIBEMHkELE 0.01~
25 ug-mL™' N, 24, 48 h B, TPGS-CR {HEH %}
MCF-7 4 JL-FA RN R EEAER, AT
TPGS-CR B IKIVE Ry A B L4742 4 5 i
fE 72 h iF, TPGS-CR BEY X MCF-7 A #5851
AMifER . DOX/TPGS-CR JIRHRAE 24, 48, 72h
I E) ICso fHN 8.849, 1.797, 0.444 pg-mL',
DOX-HCI 7E 24, 48, 72 h BffY ICs fH M 9.115,
1.710, 0.209 pg-mL™", Z55EH] DOX/TPGS-CR
W AE 24, 48, 72 h B ICs {H5 DOX-HCI /Y

== TPGS-CR {BEtY) =3 DOX/TPGS-CR IR

mx DOX-HCI

A

125

—
(=3
S
Z—
[——

~
w

HMAFERI%
3

0 =
0.01 0.1

1.0 50 10 15
DOX ¥ /ugmL™

20 25

100 |

AT/ %

10 50 10 15 20
DOX ¥ & /ug-mL™

0 2] &
0.01 0.1

C
125

—
[=3
(=]

YA IE R/ %
YRS
S &

N
W

10 50 10 15 20 25
DOX ¥ E/ug-mL™!

0
0.01 0.1

4 DOX #| 7| B £ & xF MCF-7 4 f & 48 Bt & 1 Fl (n=6)
A-24 h HHEEEAEIN; B-48 h AMEEIE; C-72 h MEIEN;
DOX/TPGS-CR % 5 DOX-HCI #il, YP<0.05, 2P<0.01.

Fig. 4 Cytotoxicity of DOX preparations in MCF-7 cells(n=6)
A-—cytotoxicity at 24 h; B—cytotoxicity at 48 h; C—cytotoxicity at 72 h;
DOX/TPGS-CR PMs vs DOX-HCI, "P<0.05, ?P<0.01.
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