DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol20 NO.23 DEC.2020 - 4407 -

doi: 10.13241/j.cnki.pmb.2020.23.002

TR AR R 24 T 2 i B L RS *

XA Mk HEE FEF HRAY FHEA
(7 PBERR 252 B2 BT 1~ 530021)

RAE B 5 &0 8 MR m B Yo s A R K & PN LR A SR Mk 5k s RS R 89 MoS, 4
KR ARIE, AR MoS, sk L#) S Bz EEBAFHRE L BARK, REBIBIER D EEEAE - HAR - RARR
(RGD) #e&14-F, BikEHEREEF 3- (2-wbeg —5AK) ®ER N- 8B LA (SPDP), 433|254 2 /k MoS,-PEG-RGD-SPDP
(MPRS),MPRS # — ¥ 5 3 A 164 17 5 % (DOX ) B_E , 7 s MPRS-DOX 24k & 4k £, B it i 4+ & F 2445 (TEM) , X- S48
&, F R AL (XPS ) AR 4 KA g A5 AL Aok, 09 A A AT FAE ;A R 9T U4 6 2 3 ml X MPRS #9288 25 M4k, SRR 3Rk
S E AT 2 MPRS-DOX #9825t 48, Z53R . 204 % MPRS-DOX #h k£ 354 % , 14542 K /M fE 200 nm £ 4, Zeta ¥,45 5+28.2 mV;
BB R A 86.8%, BB A 53.5%, HIMEH LI KA, £ 10 mM A BeHAk(GSH) A= pH=5.5 #) &1+ F DOX B4 8% % . 4
R AT KR A E M MPRS-DOX 24k 3,254k & ,MPRS-DOX B4 GSH #= pH & vfy 514, 7T 52 ILFRHA 69 B A I8 L3R 35
W IEH B 4. XA GSH Fo pH & v 5269 28 K 3254k & A 87— R ok 5 20 0 ok 25 2 Se s A a3 T 9704 B35,

KT R R4 TR F TR Bk sk

hE 4 %S :R-33;R730.5;R944 TEAERIAAD:A XE4HS:1673-6273(2020)23-4407-06

Preparation and Properties of Dual Response MoS, Nanodrug
Loading System*

MO Chun-hong, YANG Jian-ying, CHEN Yan-hong, LI Man-ting, GUO Tong-tong, LI Xin-chun®

( Department of Pharmaceutical Analysis, College of Pharmacy, Guangxi Medical University, Nanning, Guangxi, 530021, China )

ABSTRACT Objective: A targeted MoS, nanodrug loading system that responds to the tumor microenvironment was prepared, and
its drug loading and drug release performance were evaluated. Methods: Based on the MoS, nanosheets synthesized by hydrothermal
method, the S vacant sites of the MoS, nanosheets were used to connect lipoic acid polyethylene glycol carboxylic acid, which was
combined to the Arg-Gly-Asp (RGD) targeting molecule by amide coupling reaction. Succinimidyl 3- [2-pyridyldithio] propionate
(SPDP), a linker was then chemically binding to the precedingly prepared composite material, forming the nanocarrier,
MoS,-PEG-RGD-SPDP (MPRS). Further, thiolated doxorubicin (DOX) was tethered to the as-prepared nanocarrier, ultimately producing
the nanodrug, MPRS-DOX. The synthesized materials were characterized by transmission electron microscope (TEM), X-ray
Photoelectron Spectrometer (XPS) and nano-particle potentiometer; The drug loading performance of MPRS was tested by ultraviolet
visible spectrophotometer, and the drug releasing performance of MPRS-DOX was investigated by fluorescence spectrophotometer.
Results: The MPRS-DOX nanodrug-loading system was successfully synthesized. Its particle size was about 200 nm, and its Zeta
potential was +28.2 mV; In addition, its drug-loading efficiency was 86.8%, and its drug-loading amount was 53.5%. In vitro drug release
experiments showed that DOX release volume was the highest under the conditions of 10 mM Glutathione (GSH) and pH=5.5.
Conclusions: With appropriate particle size, MPRS-DOX nanodrug delivery system is successfully prepared. Furthermore, MPRS-DOX
has dual responsiveness of GSH and pH, which can realize the expected controlled drug release in simulated tumor microenvironment.
This dual-response nanodrug system of GSH and pH provides a new idea for the construction of a new generation of stimuli-responsive
nano-carrier system.
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Fig. 1 TEM image of MoS, (a) and MPRS (b)

2.2 X- B SERFREE(XPS )54

160000 4 160000 4
a b MP
1200004 1200004 O1s
- Cis
S 80000+ 3 800004
3 8
40000 4 40000
Nis
Mo3d S2p
¥ |
1200 1000 800 600 400 200 O 1200 1000 800 600 400 200 O
Binding Energy(eV) Binding energy(eV)
C 160000+ d 160000
MPR MPRS
120000 4 Ots 1200004
4
@ >3
2 € O%s Cis
§ 80000 - Cis § 80000 4
o
40000+
40000 - Nis
N1 S2p
i P W . Mo3d S2p o
T T T T - — 1200 1000 800 600 400 200 0
1200 1000 800 600 400 200 0 Bindi
inding energy(eV)
Binding energy(eV)

[ 2 (2)MoS,.(b)MP
Fig.2 The XPS spectrum of (a) MoS,, (b) MP, (c) MPR, (d) MPRS

(c)MPR,(d)MPRS Hj XPS £iE



. 4410 -

DREMES#HE biomed.cnjournals.com Progress in Modern Biomedicine Vol20 NO0.23 DEC.2020

[l 2 J& MoS, MP MPR MPRS #f}#] XPS 4[5, MIA
2a [ IR A H] C 15,0 1s Mo 3d 1 S 2p HYF#fiEIE, TilE 2b
i) Mo 3d 1 S 2p TR FFHEME L RgOER S, X —3 274
MoS, F i I &4fi LA-PEG-COOH, C 1s il O 1s (#Jis ] I} a7
LI I Mo 3d F1 S 2p (UEBH 855, nIRI i -r R o —
BRI LI HEAE MoS, 9K i L IF78 55 T 30 . [/ 2¢ I
2b bAE, B C 1s [ 0e B k55 , 3 mT fE 2 R &1 RGD J5
H T RGD 7 2% MP 30fi ,RGD % LA-PEG-COOH &/ /011
CJEF, "iAHh RGD a4 F#5I A . 5] A SPDP 5215
J, E 2d 1% C 15,0 1s #1 S 2p FIEFE 2¢ i) C 1s #1 O 1s 1
S 2p MU A A X1, X2 R T SPDP 2 F & A Z ) C R
T, 5800 O JRFLAKGIA S T IZH, nuFR] SPDP % 4%
T MPR I,

a MoS2

16+ —MP

——MPR

i3 —— MPRS
g 12 —— MPRS-DOX
=
2 8
g
S

44

0 L) T

10 100 1000 10000

Size (nm)

Zeta Potential (mV)

2.3 HIfR4YFFN Zeta BRALHY AR

YRR LR ZR R AR TN L AE — 2 RR I b 255 i 40 Xt
DKM RHBEI, RiAR A5 1 Zeta B A7 BTS2 44 K 41 RH)
BEERIETB, BHE YK AR BE MW EZE RS, A
[ 3a ] LLFE F MoS, .MP MPR .MPRS FI MPRS-DOX [} {2
K/NTEW 225, RiARAE 200 nm 247 . MAJE] 3b AT LLA F
MoS, MP MPR MPRS MPRS-DOX [ Hi {3 /N 43 31l fy -57
mV,-35mV,-30.5 mV,-35.6 mV,+28.2 mV, %4 I DOX J5,
RAET WA, TR g IE LT . DOX A I H faf , Ui
DOX Jil i = MPRS, 43 1w hy £ e, T il 2545 20 9
YKk R MPRS-DOX iy IEHLART, 33X 7 40 %o 44 K 2%
FTLNENIER i

(o

N N B
o o o o
1 1 1 1

N
o
1

&
o
1

& 3 MoS,.MP ,MPR,MPRS ,MPRS-DOX H#i124>75(a ) LA R B AL 254K (b)
Fig. 3 Particle size distribution (a) and potential change (b) of MoS,, MP, MPR, MPRS, MPRS-DOX

24 ARSI

0.8

o
[e)]
1

A=0.01883C+0.03262
R=0.9997

Absorbance(a.u.)
o
S

o
N
1

0 10 20 30 40
Concentration(ug/mL)

4 FB AR 2
Fig. 4 The standard curve of DOX

YR SCHkARGE %, DOX Hl DOX-SH Ay 48415 I B
25, X N RSB AR 2520 DOX AYYERERRAE , B Ut , ]
FABT R R AT SN I8 R AT 2SN RAE . B 4 P ST
HIBTER Z AR, HA N RV i T RV, R A
480 nm PAKL AR ICEAE I G IR PE T A 2N -

A=0.01883C+0.03262(7=0.9997) 3)

o A 2 480 nm P AR YL S FE(E, € S T W vk

1.8
—MPRS
151 —— MPRS-DOX
§ ——DOX
S 1.2
o
[72]
£ 0.9
°
[0}
N 06
©
£
S 031
0.0-
200 300 400 500 600 700 800
Wavelength(nm)

[ 5 DOX #1 MPRS #ZHRTEHIZE5M - AT R IR S iE
Fig. 5 UV-vis spectrum of DOX and MPRS before and after drug loading

FEH, R* 53 0.999, %8 DOX IR EFE 5 wg/mL-40 wg/mL 2 ]
HA RIFMEELR.

M 5 A LI 5] MPRS 42K AALE 200-800 nm 4 75
PG B . Y W i i, DOX TE 480 nm Ab A — A i 1Y) W Wi e
MPRS-DOX 7£ 500 nm 3+ 478 —A™ 58 [ W % , MPRS-DOX
HIAFFIE IR DOX (FFIFIELIAS T 20 nm™), 7] LI DOX &
Z AN EH: MPRS,

4 7 {4k MPRS FIl DOX By fz i R & 1L, 47 T
MPRS-DOX #k 241 ()5 5%, 25 5 AR 6a s , iz DOX Jii



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol20 NO.23 DEC.2020

. 4411 -

V]

[o2]
o
1

(4]
o
1

S
o
1

Drug loading ratio (%)
N w
F. 9

e
o
1

1:.0125 1:025 105 11  1:1.25

Reaction of MPRS/DOX

b

90
<
% 80
=
ko)
Q
£ 70
{=)]
5 i/
@ 604
o
(o2}
2
A 50

1:0.125 1:025 1:0.5 1:1 1:1.25

Reaction of MPRS/DOX

& 6 5 DOX R[E L BIiR & # MPRS By ZHE(a ) NFHHZE(D)
Fig. 6 The loading capacity (a) and loading efficiency (b) of MPRS mixed with DOX in different proportions

——a: PBS pH=5.5
——b: 2uM GSH pH=5.5
c: 10mM GSH pH=5.5
——d: PBS pH=7.4

e: 2uM GSH pH=7.4
—— f:10mM GSH pH=7.4

1204 @

1004
801

60

FL intensity (%)

500 550 600 650 700
Wavelength (nm)
& 7 REREH GSH IR A[E pH # PBS &4 T GSH 3¢
MPRS-DOX 93 J57 g Bz 5% S S 15
Fig. 7 Fluorescence spectra of MPRS-DOX by GSH under different
concentration of GSH and different pH of PBS

(3N, 22 BT KRG T V22, I 6b R 2GR ek
KI5 T, 24 MPRS Fll DOX ByJfiig tboh 1:1 B, 2R Z5sR ok
(86.8%), #zhm M 53.5%, W, JEER IR & il 4
MPRS-DOX,
2.5 MPRS-DOX B ZE Ml Kz 14 53 #7

Ji e 20 B P B8 R v R ) GSHL AT pHL S 55 AR P, i af
WAGIR AW P GSH MR AR AL pH Sk, R, 1 —
X 58 MPRS-DOX 7EiX B3R5 B jik DOX [T BL. 45
UL 7, 7E 10 mM GSH il pH=5.5 (335 F ,MPRS-DOX [
DOX Bjie,, 7t 10 mM GSH il pH=7.4 [{§3F55 T DOX
BRI Z . fEANE GSH LI K 2 uM GSH 14444, DOX
HFE R 5 pH A %, pH=5.5 Al pH=7.4 A1t ,pH=5.5 Ay FRHE
T DOX Bt % . i8I MPRS-DOX BEU L 1 VG,
¢ fRF&KMZ 10 mM GSH 1 pH=5.5 ZF N SO Y 3 i TR
B, TR DOX &R L f %M JE 10 mM GSH
A pH=7.4 54 F RN LVEW, WWONRA @, KPR
DOX RZ . a FRRMIJELE PBS(pH=5.5)4%{4 T M iy FI,
VTR TC 035 B 5 b ORISR TE 2 uM GSH il pH=5.5 1) %% A4
R B LT W e I, R BT DOX AR X4
. d RARMYIETE PBS(pH=7.4) ) 4544 T i 1 L V5, 1
N T35 W s e AR JEAE 2 WM GSH il pH=7.4 1) 5 1
TR VR, N T B IR, IR DOX

D JWFARE BT A 257581 MPRS-DOX 44K 2025 1R R 7E
BRALU AR SR 58 (10 mM GSH, pH=5.5)DOX B it e K,
TEREUL A ML AR PR AVAR T DOX BEC iR/

3 ik

bR TR o 7 A 245 ) — LR R A K R 2 R R ) —

ANIFFE R, A P g 200 P o i RE A4 GSHL LA K2 555 TR

PEZAF R K i i8 R GE 28 PRI SIS 1 — & RIS

HERECI BN pH I i AR E 2GR R AR LE , GSH IS5 IR ER

BT MR AR G IR R A WFTEATI IR D o AR SH IR B

HGEIRA R, A T MoS, 4K F ARG R B R 5 &

TR R 73 RGD, A FIXUE fEMTH] SPDP 4

G DOX 25901, e i i 1 —Fi GSH 1 pH XU I

NEHY MoS, 442K 5 1) MPRS-DOX , HoiAR R /Nl v, R Ty

TEHLAT AR TR A R IR AT TEM XPS I UV-vis 2

FBTRAE . 2L R LY MPRS A7 = 425 M aE , B2y

S W] MPRS-DOX TERLU AR AT T BA B2 iy

UM RENGHA , TERTL A 1L AR PR AR PR S5 v 25 ) R il ek

R, LA 45 RAH] MPRS-DOX HAT RAFHY N FHHT R, F—20

RN AT ARSI LA AR N BT R T

2 % 3L #f(References)

[1] Ariyasu S, Mu J, Zhang X, et al. Investigation of Thermally Induced
Cellular Ablation and Heat Response Triggered by Planar MoS,-
Based Nanocomposite[J]. Bioconjug Chem, 2017, 28(4): 1059-1067

[2] Li Y, Lin J, Cai Z, et al. Tumor microenvironment-activated
self-recognizing nanodrug through directly tailored assembly of
small- molecules for targeted synergistic chemotherapy [J]. J Control
Release, 2020, 321: 222-235

[3] Liu S, Pan J, Liu J, et al. Dynamically PEGylated and Borate-
Coordination-Polymer-Coated ~ Polydopamine Nanoparticles for

Synergetic Combination
Therapy[J]. Small, 2018, 14(13): e1703968

[4] Liu M, Peng Y, Nie Y, et al. Co-delivery of doxorubicin and DNAzyme

Tumor-Targeted, Chemo-Photothermal

using ZnO@polydopamine core-shell nanocomposites for chemo
/gene/photothermal therapy[J]. Acta Biomater, 2020, 110: 242-253

[5] Li Q, Zhao Y, Ling C, et al. Towards a Comprehensive Understanding
of the Reaction Mechanisms Between Defective MoS, and Thiol
Molecules[J]. Angewandte Chemie, 2017, 56(35): 10501-10505

[6] Xie M, Yang N, Cheng J, et al. Layered MoS, nanosheets modified by



. 4412 .

MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol20 NO.23 DEC.2020

biomimetic phospholipids: Enhanced stability and its synergistic
treatment of cancer with chemo-photothermal therapy [J]. Colloids
Surf B Biointerfaces, 2020, 187: 110631

[71 Chen L, Feng Y, Zhou X, et al. One-Pot Synthesis of MoS2
Nanoflakes with Desirable Degradability for Photothermal Cancer
Therapy[J]. ACS Appl Mater Interfaces, 2017, 9(20): 17347-17358

[8] Jin R, Yang J, Ding P, et al. Antitumor immunity triggered by
photothermal therapy and photodynamic therapy of a 2D MoS,
nanosheet-incorporated injectable polypeptide-engineered hydrogel
combinated with chemotherapy for 4T1 breast tumor therapy [J].
Nanotechnology, 2020, 31(20): 205102

[9] Kim J, Kim H, Kim W J. Gene Delivery: Single layered MoS,-PEI-
PEG Nanocomposite Mediated Gene Delivery Controlled by Photo
and Redox Stimuli[J]. Small, 2016, 12(9): 1184-1192

[10] Liu Y, Liu J. Hybrid Nanomaterials of WS, or MoS, Nanosheets with
Liposomes:
Nanoscale, 2017, 9(35): 13187-13194

[11] Upadhyay S, Mantha A K, Dhiman M. Glycyrrhiza glabra (Licorice)

Biointerfaces and Multiplexed Drug Delivery [J].

root extract attenuates doxorubicin-induced cardiotoxicity via
alleviating oxidative stress and stabilising the cardiac health in H9c2
cardiomyocytes[J]. J Ethnopharmacol, 2020, 258: 112690

[12] Wan L, Chen Z, Deng Y, et al. A novel intratumoral pH/redox-
dual-responsive nanoplatform for cancer MR imaging and therapy[J].
J Colloid Interface Sci, 2020, 573: 263-277

[13] Karimi S, Namazi H. Simple preparation of maltose-functionalized
dendrimer/graphene quantum dots as a pH-sensitive biocompatible
carrier for targeted delivery of doxorubicin [J]. Int J Biol Macromol,
2020, 156: 648-659

[14] Shaker ME, Shaaban AA, El-Shafey MM, et al. The selective c-Met
inhibitor capmatinib offsets cisplatin-nephrotoxicity and doxorubicin-
cardiotoxicity and improves their anticancer efficacies [J]. Toxicol
Appl Pharmacol, 2020, 398: 115018

[15] Lu H, Zhao Q, Wang X, et al. Multi-stimuli responsive mesoporous
silica-coated carbon nanoparticles for chemo-photothermal therapy of
tumor([J]. Colloids Surf B Biointerfaces, 2020, 190: 110941

[16] Chen H, Fan X, Zhao Y, et al. Stimuli-Responsive Polysaccharide
Enveloped Liposome for Targeting and Penetrating Delivery of
Survivin-shRNA into Breast Tumor [J]. ACS Appl Mater Interfaces,
2020, 12(19): 22074-22087

[17] DaiY, Sul, Wu K, et al. Multifunctional Thermosensitive Liposomes
BasedonNatural Phase-Change Material: Near-Infrared Light- Triggered
Drug Release and Multimodal Imaging-Guided Cancer Combination
Therapy[J]. ACS Appl Mater Interfaces, 2019, 11(11): 10540-10553

[18] Lee H, Choi H, Lee M, et al. Preliminary Study on Alginate/NIPAM
Hydrogel-Based Soft Microrobot for Controlled Drug Delivery Using
Electromagnetic Actuation and Near-Infrared Stimulus [J]. Biomed
Microdevices, 2018, 20(4): 103

[19] LiQ, Cao Z, Wang G, et al. Diazonaphthoquinone-based amphiphilic
polymer assemblies for NIR/UV light- and pH-responsive controlled
release[J]. Polym Chem, 2018, 9(4): 463-471

[20] LiuY, Lin A, Liu J, et al. Enzyme-Responsive Mesoporous Ruthenium
for Combined Chemo-Photothermal Therapy of Drug- Resistant
Bacteria[J]. ACS Appl Mater Interfaces, 2019, 11(30): 26590-26606

[21] Li Y, Lin J, Fan Z, et al. A small molecule nanodrug consisting of
amphiphilic drug-drug conjugate for self-targeted multi-drug delivery
and synergistic anticancer effect [J]. J Control Release, 2017, 259:
el9l

[22] Zhang B, Wu P, Zou J, et al. Efficient CRISPR/Cas9 Gene-chemo
Synergistic Cancer Therapy via a Stimuli-Responsive Chitosan-Based
Nanocomplex Elicits Anti-Tumorigenic Pathway Effect [J]. Chem.
Eng.J, 2020, 393: 124688

(23] F443, BAHE, 0%, F. TR T B MR AR A 28 K K%
et e AR B AR [T). LA 4 B 5 3K, 2019, 19 (18): 3410-
3416

[24] Guo Z, Yang Y, Shu Y, et al. Stimulus-responsive tea polyphenols as
nanocarrier for selective intracellular drug delivery [J]. J Biomater
Appl, 2020, 35(2): 149-157

[25] CaiM, Li B, Lin L, et al. A reduction and pH dual-sensitive nanodrug
for targeted theranostics in hepatocellular carcinoma[J]. Biomater Sci,
2020, 8(12): 3485-3499

[26] Zhou YJ, Wan WJ, Tong Y, et al. Stimuli-responsive nanoparticles
for the codelivery of chemotherapeutic agents doxorubicin and
siPD-L1 to enhance the antitumor effect [J]. J] Biomed Mater Res B
Appl Biomater, 2020, 108(4): 1710-1724

[27] Chen W, Zou Y, Zhong Z, et al. Cyclo (RGD)-Decorated Reduction
Responsive Nanogels Mediate Targeted Chemotherapy of Integrin
Overexpressing Human Glioblastoma In Vivo[J]. Small, 2017, 13(6).
DOI: 10.1002/smll.201601997

[28] Qiu L, Hu Q, Cheng L, et al. cRGDyK modified pH responsive
nanoparticles for specific intracellular delivery of doxorubicin [J].
Acta Biomaterialia, 2016, 30(30): 285-298

[29] Lin T, Wang J, Guo L, et al. Fe;0,@MoS, Core-Shell Composites:
Preparation, Characterization, and Catalytic Application [J]. J Phys
Chem C, 2015, 119(24): 13658-13664

[30] Liu L, Jiao S, Peng Y, et al. A Green Design for Lubrication:
Multifunctional System Containing Fe,O,@MoS, Nanohybrid [J].
ACS Sustain Chem Eng, 2018, 6(6): 7372-7379

[31] Feng W, Chen L, Qin M, et al. Flower-Like PEGylated MoS,
Nanoflakes for Near-Infrared Photothermal Cancer therapy [J]. Sci
Rep, 2015, 5(1): 17422-17422

[32] Ding C, Xu Y, Zhao Y, et al. Fabrication of BSA@AuNCs Based
Nanostructures for Cell Fluoresce Imaging and Target Drug Delivery
[J]. ACS Appl Mater Inter, 2018, 10(10): 8947-8954

[33] Chen L, Xue Y, Xia X, et al. A Redox Stimuli-Responsive
Superparamagnetic Nanogel with Chemically Anchored DOX for
Enhanced Anticancer Efficacy and Low Systemic Adverse Effects[J].
J Mater Chem B, 2015, 3(46): 8949-8962

[34] Santra S, Kaittanis C, Santiesteban O J, et al. Cell-Specific,
Activatable, and Theranostic Prodrug for Dual-Targeted Cancer
Imaging and Therapy[J]. J Am Chem Soc, 2011, 133(41): 16680-
16688

[35] Peng C, Xu J, Yu M, et al. Tuning the In Vivo Transport of
Anticancer Drugs Using Renal-Clearable Gold Nanoparticles [J].
Angew Chem Int Ed Engl, 2019, 58(25): 8479-8483

[36] 42 E, 35 E, $F, 5. pH A 2 K 400 Ao 3 S RAE(T].
AR AMEF3H I, 2017,17(15): 2808-2812



