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Abstract

Objective: In recent years, MXene, as a new two-dimensional (2D) nanomaterial, has been widely
studied as a nanodrug delivery platform due to its excellent properties. In order to explore the
new surface modification method and anti-breast cancer effect, we constructed DOX@Tis;C.@Au-PEG
nanocomposite drug delivery system. Methods: TizC, was modified by gold nanoparticles (Au NPs),
the sulfhydryl polyethylene glycol aldehyde group (SH-PEG-CHO) was introduced to improve
water solubility, and chemotherapy drug DOX was loaded at the same time to construct the
DOX@Ti;C;@Au-PEG nanocomposite drug delivery system, and its successful preparation was ve-
rified by characterization. Further experiments were conducted to study its photothermal proper-
ties and anti-breast cancer effects. Results: TizC; was successfully etched into a single layer. Au NPs
were evenly distributed on the surface with an average size of about 20 nm. Ti;C;@Au nanocom-
posites have good photothermal heating performance and low cytotoxicity. Cell experiments have
proved that DOX@Ti3C.@Au-PEG nanocomposite system has achieved the best anti-breast cancer
effect of photothermal therapy (PTT) combined with chemotherapy. Conclusion: The drug deli-
very system DOX@Tis;C;@Au-PEG based on Au nanoparticles modified MXene was successfully
constructed, which showed excellent anti-breast cancer treatment effect of photothermal chemo-
therapy, which deserves further study.
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1. 51§

IEAESR,  FLAME IR & BT[], Ky EZRAFAR. 97, BUTEESGF B, SAMIX L
RGBT J7iE BAR BRI R AP IR T AR, (A AEAEVF 2 A il e kol W e 25 2 G5tk
Gire i 2P 25 B R MFER (2] Bk, TREFMRGEIT Tk, RAYENGTT & R R MIR a7 1)
BT FEFIIATT (PTT) & — Fh 7 IRl 2 2 SR A e LA TR B IR TT T30, e iR A FIAE AR IR 1)
TR, WUSOBRE, ForERE R, WOGREIL AL RIRE, (LS T m, AT AR R AN sl 4 23] .
PTT EN—FhEGIATT Jrik, DL, RIEH D 1M 52 BOR 2 238 1 5GE

FAT, —ZE@D)AIRMEL, AHEaRIm[4]. BhM[5]. RBEk6]. — MM ND[7]. BIHEA#E
MR Z4 . FEMRMIEE. BRI MBARIED TN, EAEYEESIEAR] 2. B
RS, MXene fEN—FHT ALY 2D GUKARL, G TR ER8] [9]. T AaRXA
M1 Xn Ty (n = 1=3)IAF KL, 85 i 48 (M) FERIE )AL, eSS R MAX FHAE . AR
FKuFE RS WA B3 IVAERTER, TARERENRRNERED, W-0. -OH. F-F, XERTFrik
FIRIZIhA . S50 2D 9K RIAHEL, MXene TEAEEE £ N BA LR LML : 1) FE IR
B RE A LA RAF 1SRk, RO T K2 8T 29 s K PRI R A (101 2) AT AR A 1) 400 f 25 1 A R
UF AR SR PE[1L] [12]; 3) B RWIEMERT, FESAMIT AT hFfyT, BiSEM 5 7%
AT R TT[13]: 4) BEAREMIE AN EIR I RN AL AR [14] . IR LERFPEE TS MXene A
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I — R RAF e AL, (R — R ER AR B 29 A s 34, AT A& AL 7 38 B B8 U 16 97 3%
Ho

TEARE T, I R A AR K 177720 Au NPs [E] B 7E TisC, 3R 1H, 51 NS R £ —FE % 5 (SH-PEG-CHO)
WnE oK EYE, RN T 25400 55 5 (DOX), 4 DOX@Ti:C,@AuU-PEG 4k E &4 &R, ALK
RN AN EREFIPTFLEIEE R, IR iR T SR BLE Ot 7T SR B

2. SCIGER4Sy
2.1, SCIgHHE

IR, FACHE, SRR, [ 258 Bl R BR 2 7 5 S 3R £ R K (SH-PEG-CHO, 731 & 5000),
PH 2 EAEYA RA ;s DU IEELBE(THPC, 80%), RMWMEEEMRE(PAH, 4T & 15,000), Lk
BT HAEHE A R AR ; 18 2 (DOX), KiERCHEMEF AR AR ; CCK-8 il &, MedChemExpress;
RPMI-1640 #5373, G4k i (FBS), 3£E GIBCO AH].

2.2. DOX@Ti;C.@AU-PEG 4K E &2 ik R &l &

Y, FERRRIFAL L Z) il i KA TiAIC, T ALE, AR TisC 90K . % 1 g Sk A2
20 mL 9 M EhFRIE I A HE 5 min ML SE AR, SRR 1 g TiAIC B IR, 35°CHER
R 24 he Z 00 BRI E RIGW pH IAF 6 I, 153 TisCo 4K .

SRIG, M-S FREERIEN, FRMABEAMAKRTTER AuNPs [ 5ETE TisCo 49K 3R . F 12
UL Y32 H RS AL (THPC, 80%) 1 0.25 mL &AL AN(2 M)A I £ 45 mL 47K HF 45+ 5 min, o 2 mL
HAB MR AW PE A FR R T, =i eGSR, S 3EM TR # 25 mg BRI
A 1.5 mL SERRIT 100 mL Ak g, =i MRS R, BEeAKER. # 2 mL Ti;C 40Kk
B mg-mL Y IIAZE] 4 mL 2 mg-mL™ [ R PI EERER 2R (PAH, 43T 15,000) 770 T80 [N, B0
Bk LEBRZ R PAH 2 FJ5, M 10 mL &M, =R 4h, BOWRFEERZREM FERG,
IS ARKIERIEFE 20, NN 29% FFEEE A 1 h, EPR 21 Ti,C.@Au 1B

2, fil#% DOX@TisC,@AU-PEG Kk E A #ZA R . K 1 mL Ti;C,@Au (1 mg-mL )2l HUE 4
mL $i%E % 2 —FERS 3 (SH-PEG-CHO, 4 mg-mL )& # 4 +E 2 h, i\ 20 mL 10 pg-mL™* DOX &, =
T T B R R B TE IR SE )y DOX@TisCo,@AU-PEG, AR TIE)E, B T-20 CHEfE L& 5 848 ] .

2.3. FAE

A8 B 4140 L R A (SEM) FIE it FEL T B AMUBE (TEM) WL EE Ti3C, 99K A TisC,@AuU 45K 5 & AHRHEK)
TSR, A FH 20 A AR A 37 S 56 TP (KR BE AR AL
2.4, SRR

# TisC,@Au E3(0.05 mg-mL Y)FH 808 nm. 0.75 W cm (IO RS 10 min, W& HIE AR L5,
HEGKBEBAEAE . Ti;C,@Au i (0.1 mg-mL )4 514 808 nm. A% (0.25. 0.5, 0.75. 1 W-cm?)
BWOLIRST 5 min, BT HOGRFHERERE .

2.5. YARASELE

2.5.1. ZHpEIESE
NP AT 2R AT A0 H 75 5 K2 B E 2 e ot s 36 = 3243t . 8545 90% RPMI-1640 F:Ait ks
FEFE. 10% FBS il 1% % R /555 £ DA e R 5 ik TR 9%, BT 37°C. & 5% CO, HI4H ik
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2.5.2. {&4p DOX@Ti;C,@Au-PEG HiFLARFERFER

NS TisCo@AU-PEG 9K A8k AN #5tE, & 568 4T1 401 8 x 10%FLI S5 FE B fh T 96 4L
R, SEAREFREM E R, MAnMuGEE, A FIR B Ti;C.,@Au-PEG & (0. 150, 300. 450. 600
ppm)iEE 24 h, TAWERTAELL, WES NG, FH CCK-8 WG4l fuAH X A5 % . AR FA
[F 2 Ti;Co@AU-PEG £ 4 NIR MU A A ER, K IRIFESs & i A i MG BEAA I, 73 o0l 5 AN Rk 2
Ti;C,@AU-PEG £7%(0. 25. 50. 75. 100 ppm)#¥ & 4 h, H 808 nm. 0.75 W-cm 2 (R30G5 min, i
F CCK-8 1711 K U 240 B AH X 4745 2R

¥ ATL 4NAR LA 8 x 10% LI 25 FEHeRt T 96 FLA P, st M m i, MEgnfuitise. sk 1 for,
S T AT, SAAHRLE RS, (] Calcein/Pl XYL G HHATANMISL, TEAMIp Yeii st ta, SE
YU G, AR LANEI, EE ZREK.

Table 1. Cell experiment groups
< 1. YHRESCIG 4R

F5 2H 53 AL TH 1 i
(1) Xt R 40 FH 100 uL A=K B e HEE 57 2L, W9 E 2h
(2) NIR 41 FH 808 nm. 1 W-cm™2 B RE S 10 min
3 DOX 4. A 100 pL £ 10 pg'mL " DOX [ LAl 1 75 4 5

[HREFEE, BF 2h

A 100 pL % 20 mg:mL ™! DOX@TisC,@Au 1)
Er B HA R, WE 2h

RERAES WAL FRE, WE 2h 5, H 808 nm.
1 W-em 2 FIB0OE IR S 10 min

4) DOX@TisC,@Au 4

) DOX@TisC,@Au + NIR 41

2.6. GHES

181 SPSS26.0 B AT GE it 0. e TR AIIEL + ARvEZE(Means + SD)RR, B4 550t
BRI WIS AR A t 4556 (independent samples t-test), P < 0.05 A A% R B A G #E L.

3. ZB/REHL
3.1. T Au NPs #iff Ti,C, FIZRE A B HRAE

N TAESEHLE TisCo Ml TisCo@AU K E SRRl 4%, X HPEAT 7 SEM FAE, Wil 1(a).
1(0)FTR, B EUE TisCo R T4, BEA M, AuNPs ¥5IHIBAE /> AT 7E TisCo 9K 00, B LR
4%, UiEHHEAA RIFIIZRTIME, SEM BUR HEZIESL T TisCy Al TisCo@AU 11 L il % o

TEM EUZR(E 2(a), Bl 2(0) 45 5 SEM BUEAEXS B, 7] LLSE i i g 21 TisCo 49K i TSN,
e ez 2HER, 54, AuNPs fEH KM A0, RARLE 5~30 nm Z 8], XFEAHXTE/NE
PUKRAT, NIGEARNE BIEFARAL T T RedE.

FiAk, Ti;C.@Au PKE G MBI R E OB TR (R 2) R T HFEITTRHAM: C (51.62%). Ti
(1.76%). Au (8.81%), Hr Al EZC& M MAX M # e a2 ohds, W] TisCo BRI 4 LA Au NPs
() B G T ] 7

DOI: 10.12677/acm.2022.124522 3603 I IR = =23t e


https://doi.org/10.12677/acm.2022.124522

MEZH E

Figure 1. The SEM images of TisC, (a) and TisC,@Au (b)
1. TizC, (a) 0 TisC,@Au (b) BIFIHE FEMIT(SEM)ER

(@) (b)
Figure 2. The TEM images of TizC, (a) and TizC,@Au (b)
2. TisC, (a) # TisC,@Au (b) BESTEFEME(TEM)E

Table 2. Main element composition of Ti;C,@Au nanocomposites

= 2. Ti;C,@AU WAREAMBHEETERAM

JER JR7 5 FE%) A E(%) SR E 5 (%)
Ti 22 1.76 2.82 0.84
c 6 51.62 83.02 98.14

Au 79 8.81 14.16 1.02

3.2. SRRt REM S

Jf 808 nm., 0.75 W-cm 2 FI30E &5 TisCo@Au £ i(0.05 mg-mL™) 10 min, G &F A LLIAF] 49.4°C,
MAFZA TR, KIERIAEILE] 36.5°C (18 3(a)), — & Z AMFIEREGITI % 57(P <0.01). AuNP {EH—
i e, ARG BAMRGPCHRTHRIERE, SPUORMEBIE G ik, St PhE 17BN R
., HAh, H 808 nm. AEIHE(0.25. 0.5. 0.75. 1 W-em ) NIR B4 Ti,C,@Au (0.1 mg:mL™)
5 min, Z5RNE 3(0)FTR, FEEIIRBEMN, Ti:C.@Au B IR ZH s, H&ARGERES T
e, MINFEN 1 Weem 2I, BETTLLUER] 56°C, BAIMGIRETHE T 26.3°C, Wi HEA T KA
AT B o
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Figure 3. (a) Heating effect of H,0 and TisC,@Au suspension (0.05 mg-mL™?) irradiated by NIR (808 nm, 0.75 W-cm2) for
10 min. (b) Heating effect of Ti;C,@Au suspension (0.1 mg-mL ™) irradiated by NIR (808 nm) with different powers (0.25,
0.5, 0.75, 1 W-cm™?) for 5 min

[# 3. (a) H,0 #1 Ti;C,@Au E3(0.05 mg:-mL ™) FF 808 nm. 0.75 W-cm 2 B33 ERST 10 min BOFHEMM . (b) TisC,@Au
Bi%(0.1 mgmL )£ 808 nm. AREJLIZ(0.25, 0.5, 0.75. 1 W-cm %)Y NIR BB5t 5 min B9FERN

1.05
ns 1.0 + .
_ 1.02 4 08+
{:g 0.99 1 {:‘i 0.6 1 %
L& L& .
*
E £ 044
Y 0.96 4 v
ek e
0.2 -
0.93 4 -
T T T T T T T 0.0 T T T T T
0 100 200 300 400 500 600 (1) 2) 3) @) &)
W (ppm)
(a) (b)

VE: (1) X4 (2) NIR 4H; (3) DOX 4; (4) DOX@TisC,@Au #; (5) DOX@Ti;C,@Au + NIR 41. ns: L4iit2#
ER *: SXIRAMLEIL, P<0.05; **. SxERAMLEE, P<0.01; ***. SxtiRAMLEE, P<0.001.

Figure 4. (a) The cell survival rate after coincubation with different concentrations Ti;C,@Au suspensions (0, 150, 300, 450,
600 ppm) for 24 h. (b) The cell survival rate of each group
& 4. (a) 4T1 (AR S R ERE Ti,C,@Au-PEG &i%(0. 150, 300. 450, 600 ppm)itiFE 24 h FHIMAMEER. (b) &

SN ERLARY AR

3.3. {ApASELE

Z RN GOR B A HARTE Y = 2R SEBR B, FLAm B O — A e M A i, CCK-8 56 i
(A 4()), BIE TisC,@AU-PEG 9K E & 3R RIMREELE] 600 ppm B, AL PR = AT IE R (P
N 96.1%), HIESZIRE T, HAMAFE R 50 AL, gt % 7% % (P > 0.05), X K Ti;C,@AU-PEG
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YUK B GBI RAMREENE, XA — PR AR TR R IR B R bt 7 rTREME . 4L, 4235
1 R4S T AT U AR S Ab 38 S ﬁﬁamsﬁ%,%%WW4@%T,%@%mﬁéﬁ%ﬁﬁﬁ
FHEG, BFESTH 2R, KU ST I — 272, {5 DOX@Ti;C,@Au + NIR 4697 R i
WY, JLAIMIAF S 20N 17.8%, H S50 IR [A477E 535 G i 7 22 57 (P < 0.001), XuiH] PTT BK&10yT
LR G AL IR SR B, A BB — TV BN T VAT SR o Ak, SRR AR & mT DL i
G B AN AT, T BT REA R ngn M E M, AN IR g0 M X 2 A A R, #E—P e
A RAET

4, g5ig

25 L FTIR, AW AR L] 4 T 3T Au NPs f&11i MXene 190K &2 4 25k 2 DOX@Ti;C,@Au-PEG,
Ti:Co@AU-PEG 9K EifA B RIFHEHTHEYERE, RIVEAR MM EE, EXMREA R T 29t
ﬁ,ﬂ&%%ﬁ%%%@%ﬁﬁﬁm%%ﬁwoﬁ%%ﬁ%ﬁ%wﬂ,f%%i%*%*%ﬁﬁaﬁm
PTT hRMEIT LRGP IR R, BEBBCG YT IR T & 5 —J7iE, IX R B MXene EG4KEE 2 AL R 2
SUREAT [ BN AR, (EAREET T PR R

EEWH
748 E AR R JE 4 B BT H (ZR2017MH042) .
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