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Optimization of formulation process and in vitro evaluation of copper sulfide

nanoparticles
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[Abstract] Objective To avoid the accumulation of copper sulfide (CuS) nanoparticles, prepare and optimize CuS
nanoparticles, analyze the factors affecting the particle size and evaluate their photothermal properties. Methods Based on the
single factor study, central composite design-response surface methodology was used to optimize the CuS nanoparticle formulation
process. The morphology, particle size stability, photothermal conversion efficiency, photothermal stability of optimized CuS
nanoparticles were characterized. The toxicity of CuS nanoparticles on 4T1 breast cancer cells and HK2 kidney cells was evaluated
by CCK-8 method. In vitro photothermal experiment was used to investigate the ability of CuS nanoparticles on killing 4T1 breast
cancer cells. Results The average hydration dynamic diameter of optimized CuS nanoparticles was (10.53+1.63)nm, the actual
particle size of CuS nanoparticles showed by TEM image was (3.10+0.81)nm. It had good particle size stability, good photothermal
conversion efficiency and photothermal stability. Within the concentration range of 100 pg/ml and 150 pg/ml, it showed no
significant toxicity on 4T1 breast cancer cells and HK2 kidney cells, indicating the good stability of CuS nanoparticles. In vitro
photothermal therapy showed that CuS nanoparticles had good ability to kill 4T1 breast cancer cells by photothermal. Conclusion
The prepared CuS nanoparticles have a small particle size (less than 6nm) and a good photothermal effect, which is expected to
solve the problem of CuS nanoparticles accumulation in vivo and make it better for tumor treatment.

[Key words] copper sulfide nanoparticles; single factor study; central composite design-response surface methodology;

photothermal effect
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eI 7% (photothermal therapy, PTT) J2& T 4F
KB IR IRTTEOR, ARG T AT 1L
ST, BAT /N RIE AT, PTT (i 2 %
2, HHELLAMERHOGHGH . IT2L/MEHA BRI A
ZUZEIERE I, B IS R 22U LR DR
REFE A5 0 FARE, IR IR E 42 °C LA, W] 5L
v 20 e ) R T B AET

B AL (CuS) AR —Fh i R DCRGH . HH
Lo 2 BT 1 A 9 OKRE, CuS AR BLA il £ A
RAIPL KL, R E H BATRE RN . CuS 4
KALITLL AP 2R T Cu*' 1Y d-d BERERIT,
DAL T HC G PR, AN 2R | AR AN A B ER B Y 5
Wi, AT AE iR 2 2 b i AR 8 BOEIEON . Cus
AR EAT R AP A WA A1, AT PRI, 1E
55 HA Z2ETCHL B8 T8 A KR [ FE A TE AR N A=
B AU IRURS:, A I 22 AR N o S b 2
GUKRLR) FEZARE Z—, B PR, HAE/NT 6 nm
AR AR AR T8 TR, DTS DR 23 A AR 22 PR
WHE R AARSE

PR, AR SCUL R A kA2 /N T 6 nm 1) CuS 44K
KL, AR R, SRS RAAUR LTy T.25, i
— iR L AN AN T AT ARSI A

1 LS

1.1 ME

Litesizer500 20 Kb & & Zeta HL A7 43 B3 (B
1] Anton Paar /A ] ); JEOL 2010 i 5 B, 1 i {3
B (HAH, TR 44 ) ; MDL-H-980-5W |4 %
JEHFOER (KB e B AR AR AR RX-
300 ZEAMARAGAL (] ZRAE AR SETT A L F A BR A
F]); NVMT SPARTAN & AAX (H 8 FE 75 55 A FR
7y H) ) 3 DV215CD ¥ % 43 #t X °F (€ [E Ohaus
Discovery Zv ] ); HWS 26 HLHE K i 5n (L i —
FE R AL Z8 A7 BR S 7)) ; DF-101S A H X Ha 15 44
fil 1P P (L X T AR A R ST A R ;
H1850R 753X /51 VA R B3 Lo ML (I8 g Y A8 52 36 2= A
TIT %A BRI ) 5 BHT-D24UV 4liK /8 4l 7K — 14
1k £ 48 (1[5 Merck Millipore 23 7])
12 A4

—IK A A AR (CuCly-2H,0) . JUK A B Ak 4
(Na,S-9H,0) ( i BTf7 T A= AL BE 7 B4 A7 BR A
Al ) 3 2 4k Wi ( polyvinylpyrrolidone, PVP, MW=
10 000, B ve 2E an Rl BRAA &) ) 5 4 MRG58 S a1k
3 77 85 (CCK-8, bt S F A U AR A FR 2
] ) ; RPMI1640 5557 i, DMEM A 5¢ 4 5 4 5 77

W, B2 2% b £8 %5 W (phosphate buffer saline, PBS)
(VLA FEAEYHE ARFRAF); BHT A (MWCO
14000, FE[E Viskase A H]); 87K (SL8G% Hiil) o

2 FEEHER

2.1 BRALAR G R A0 ) &

S HIAE CuS GPARREEALE ;B 100 pl
CuCl, ¥ (300 mmol/L) il A 10 ml PVP % (100
mg/ml) H, FANA 30 ul Na,S ¥ # (1 mol/L), =ik
14+ 5 min J5, # A 90 C /K IRAkSE R )5
15 min, I 72 Hok 42 Rl 22 43 B804 X (polydispersity
index, PDI) .

22 RHEAHER

A PRI E] L KA L K EFE] . PVP Y
J& . CuCl, 55 Na,S FE/K E (Cu:S) X CuS 44K i ki
12 A0 PDI B9S2

1 EERIIR, Bkt RS, K IR AL,
Cu:S /N, W] CuS G4 kikr 42 s/ NS . KB
] B, PVP Y IO, RiAR R 1 SE s RS ik
INHY G EE A A TR Z AN [R] KT R I 8 40 K o
7, BRIKIBIREE . PVP YR EE AT Cu:S 5 = AR Ak
HRLAR I B, FRITH AT BEIZSZ M CuS KRR A2 Y
FEREE, H5, S HEARFIKFX PDI 520
ANRE . B, RIERR R E LR, i hidlnt

F1 CuSPKRNEBEERZERLR (n=3)

A1 KFE RN (nm) B EEESL
BEFEB] (min) 3 18.13+5.42 0.27+0.01
5 16.12+1.29 0.27+0.01
7 15.40+1.86 0.26+0.01
JKIEIRE (1C) 80 14.61+4.35 0.27+0.01
90 16.12+1.29 0.27+0.01
100 22.85+1.71 0.26+0.01
KA H] (min) 10 18.1246.31 0.25+0.02
15 16.12+1.29 0.27+0.01
20 21.30+5.71 0.24+0.01
PVPHJE (mg/ml) 80 25.56:+4.40 0.27+0.01
100 16.12+1.29 0.27+0.01
120 20.72+3.38 0.25+0.02
Cu:S 31 15.08+2.92 0.26+0.01
2:1 20.25+1.16 0.27+0.01
1:1 16.12+1.29 0.27+0.01
12 11.34+3.08 0.25+0.02
1:3 11.27+2.88 0.25+0.02
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6] 5 min, ZK AR 15 min, LURLAS R PR 45
b, SR AL A BT o7 T v — 2 A K VR TR
PVP %, Cu:S =R,
2.3 2 E&i-m ikl CuS kA Y
FERAP A2 ISR T, SR FH o0 B2 A o T
1% 11 (central composite design, CCD), £ £E |- i i
TE A =R KRR (X)L PVP IR B (X2)
Cu:S(X3) NHEEEHEK, hifd (Y1) MMt #17
=R FAKT R ST
231 Bt
OSSR TR R | KT AR E N 2
7N, LR SRR 3 R

®2 ERRITERFKTE

7K
A+
-1.682 -1 0 +1 +1.682
X1(C) 60.00 70 85 100 110.20
X2 (mg/ml) 66.36 80 100 120 133.64
X3 0.25 0.33 1.67 3 4

®3 ERRITSIREHRNER (0=3)

Fe X1(C) X2 (mg/ml) X3 Y1 (nm)
1 -1 -1 -1 13.04
2 +1 -1 -1 1423
3 -1 +1 -1 14.48
4 +1 +1 -1 13.39
5 -1 -1 +1 2437
6 +1 -1 +1 27.30
7 -1 +1 +1 18.62
8 +1 +1 +1 20.73
9 -1.682 0 0 18.87
10 +1.682 0 0 15.62
11 0 -1.682 0 24.01
12 0 +1.682 0 17.06
13 0 0 -1.682 13.92
14 0 0 +1.682 15.11
15 0 0 0 18.81
16 0 0 0 16.84
17 0 0 0 16.14
18 0 0 0 17.89
19 0 0 0 16.20

20 0 0 0 16.30

232 HEG
K Design expert 8.0.6, ¥ #5521 [H & (X1,

X2, X3) FBFMF bR (Y1) BEFT Rk 22 100 A5 7 1)
&, FRRWF:

Y 1=4.15-0.0086X1-0.18X2+0.42X3-0.045X 1 X2+
0.064X1X3-0.17X2X3+0.043X1%+0.17X2>-0.22X3>

A 3 AR A K B 3 UK SF (P=0.006 5) ,
r=0.9129, UEIHIZ T 18 5 L PRIG ANG BE R 47
2.3.3 W LA S T A

MG 3 4521, ZHl KR (X1) . PVP R
(X2) S Cu:S(X3) XA (Y 1) Y L 17T

MR 1 A B AT A, i R SO
KR BE 100 °C, PVP ¥ & &7 100 mg/ml, Cu : S
o1 s 3, MR DT T T R4S 3 RS,
i A2 43 9k 937, 12.39, 9.84 nm, F HH K
(10.53+1.63 ) nm, TII{E A 10.86 nm, 5L fi
ZE=(TMNE —SE PRy /500 < 100%, 145 H SZFrf
SHIE R 22N 3.04%, Ut HEST i BeAR R AR
S RIEE, T R AT
2.4  CuS 9 KAz dg R INIE N
241 YPRRIES

B CuS 94K RLIE 5, Jn 25 25 F K B 10 £,
B S wl #i RS 1) CuS g0 Kok, i T 254 ik SRR
(A D)L, A D B R AR, BT 2R AR .
H AR BT f5, A& 5 # 7 8 U8 (transmission
electron microscope, TEM) WIS g KR LA . K] 2
Zi R IR, CuS AR bIE A B, it R, &
Image J FAI &, F-20if2 4 (3.10+0.81 )nm.
242 RifERENE

¥ CuS GRS CETE 4 'C 5 25 C &A%
T, EEERAE . 280, 20 d N CuS 40K
WA AR AR AT B i 22 5, BEBH T Y CuS 4K
b HA Rkt e vh (& 3) .
243 LB

(DIELTAME ) 35 . %% CuS GKRLHk
A1 50 ug /ml Z51F T, AFELREL MG R (0.5 |
1. 1.5, 2 W/em?) X} CuS 4 K76 HBN (5]
K H1 980 nm AT LLAMBOGRR, LLAMARUG A R IR
30 s ICSRIRAE, iC 5% 10 min, “FATIE 3 4, 2517
M2, [k, DK AERR R S04 T oot BE . RilE )
R K, CuS UKk TR AR (& 4) , 1 7E
IR 2T, 258 oK THR HR BN CuS 44
Kpi(ES) .

(2)CuS KK L : ZEAE 1 W/em® Y5 i
T, CuS 9K FHR AL (25 L 50 | 150 | 200 pg/ml)
X HE AN 1 M, I DL 25 8 oK R s LG R
K H1 980 nm AT LLAMBOGRR, 1AM ARG A B B
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Bl1 EE (X1) . PVPIRE (X2) . Cu:S (X3) xHRiRE (Y1) HI=4E0 R & &

80
70 4
60 4
& 501
= 40
4’@ 40
30 == 0.5 W/em?
—+— 1.0 W/cm?
20 4 —— 1.5 W/ecm?
10 -7 2.0 W/em?
0 2 4 6 8 10
i8] (¢/min)

El4 CuSHRNEREINEREE THFRME (n=3)

E2 CuS 4% TEM B 801 Lo 0.5 Wrem?
704 - 1.0 W/em?
—4— 1.5 W/cm?
001 —— 2.0 Wiem?
30 - 4o & 504
25 = 25°C %(40-
~20 - 301
=15 0
&1 - = 13 2 4 6 § 10
M A] (¢/min)
5 -
E5 KEFARINERZE THFHEMZ (n=3)
0 . . . .
0 5 10 15 20
i (¢/d) 30 s SRR, 105% 10 min, AT 3 41, 23l AR it
B3 CuSAKRSRE4C 525°C T o AR NIR, TEAHRIYIRBE #MT, CuS 41K

WETLEML (r=3) KL B BOR, THEEABOR (K 6) .
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-+ H,0

—#— 25 ng/mL
30+ —&— 50 pg/mL

—— 100 pg/mL
20 —o— 150 pg/mL

0 2 4 6 8 10
A 1E] (¢/min)
E6 CuSgRREARKRE THHARME (n=3)

244 OStFEETE

K H 980 nm IT£LAMEOEAR, HEH CuS WA
50 pg /ml, FOETIRE RN 1 Wem?, ¥H064 “ T
J - P17 4 AEER, BIERSS 10 min J5 {5 1k, TR
BB R REHRIT RIS, WE 7 PR, CuS 48K
WL 2T LU BG4 MG AR Tl i Ze S A
— 3, RIS BRSNS CuS 9 A B GBI,
IR HEA R e e .

60 1

50 1

(°C)

5407
e

30 1

20

0 20 40 60 8 100
s 1] (¢/min)
B 7 CuS KA ZITLIINEIRES 4 AR E MLk

2.5 R mAe stk
251 HUEEESLR:

52 CuS KR IEH NS /NE T 40
(HK2) DL K AU IR A0 (AT 1) At . SEB6 T, B
i 18 CuS 9K A % 1 48 (MWCO0=14000) H,

1207 A

100__—-——!—_-,_

801 +

60

ANHEIE ST (%)

401

20- |+‘
0

0 31 63 125 250 50.0 100.0150.0200.0

WRE (ng/ml)

BT 24 h DABR 2% 0. BORHECAE K20 i, R
HK2 40 L F A 1x10° cells/ml, 4T1 40 it 4 J&F Hy
5x10* cells/ml, ¥% 100 pl/AL &Y 40 Mo 5 % 4% Fh T
96 FLANMIEE FoM, & T 37 C, 5% CO, H M.
5 24 h )5, BALINA 10 pl ARIHREERY CuS 44K
B, fdZH 4350 R 3.1, 6.3, 12,5, 25, 50, 100,
150 K2 200 pg/ml, ZkZE 8555 24 h i, £ 96 FLiR
HRREFEEL, TN PBS YR 2 IR (AHEBRR Cu®'* CCK-
8 k5 A RZ ), BEFLINA 100 pl {5373 K 10
CCK-8 A, TH M PIFE 4 h 5, HEEHR I
E 450 nm ARG (A) . ZHRAS:

AN T3 (%) =(Agyzy=Ass p)/(Ag zs—Ass 1)
100%,

THE LIS 1A 5338, Ho Ayefa BA 4L
CCK-8 ¥ Vi AN 25 W v W B FL WG B, A B L
A 5 RN CCK-8 ¥ V1T 15 A5 41 A %) L 1) I '
JE, Ag e tE EAT I . CCK-8 ¥ i M AT 259 s
WA FLI G

g5 R (18 8), CuS 9HKAL 454 100 pg/ml
J 150 pg/ml e FEVE IR N, XF 4T1 FLARIE 40 6 DL f&2
HK2 B 41 34 0 35 /9 41 B 2 1 (40 i 3% o K F
80%), 2 CuS Kb HA5 R AT AE YA
2.5.2  JEHRERON X R A Y AR E

FHE CuS YUK EIAIUN XF 4T 1 4 9 2%
Gite o B B0 K40 M, 45 AT1 20 vk
J 5%x10* cells/ml, ¥5 200 pl/FL 40 At & W 322 Fb T
96 FLANMEIRE F2MR, BT 37 °C, 5% CO, FiFefarh 1%
F% 24 h o, KERAEREEFRAL, INA 200 pl & CuS 4
KL 3% 57 JE (CuS 9K R MR FE R 50 pg /ml) .
KH 1 Wiem? BIE£LANE, BESASFIETE (0, 1. 3,
5.7, 10 min), K J5 % F CCK-8 12571 5 4 it 7% /1
AGE, S5 1R AR, 2R TR 9),
VT LTAMEIR S 1 min %F 4T1 403 A4 35 F1 JE A i 5Y

1201 B
1004 — b & F = [ E
80-

60

MG ST (%)

40

204

0

63 12.5 25.0 50.0 100.0 150.0 200.0
WL (ug/ml)

0 3.1

8  CuS YRR ETHRIE NI
A. #ifid; B. HK2 40 (n=5)
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Mg, 2k &z 4E K R SR (], 40 B G ) 5 28 A R AR
# RS 10 min 5 AN 110N 28.76 %,

1207
1004 — =
S 801
}:; 60
=
= i
= 40
20+
0 T T T T T T
o 1 3 5 7 10

A 18] (#/min)
B9 CuS PRNAHMFIER T 4T1
FLBRERMAEMNFEER (n=5)

RS _EARAHIRI T, 2Ok 6 FLAR, £5 980 nm
ARG Wem?) BESF 10 min J5, ITA 0.2 % &
Wy 1 X FE AN I AT G €0 (2 min) o BRI H
PBS WH Uk 2 i J5 , 765 B AH 22 0 AU T AT AR
W 10 Fr7R, 306 R85 X8k, 40 A bl e i 4k (o,
H s T S0 FL, i BRALUA I CuS 9Kk,
XTI LLAMC RS, HA A H 4G
9 5E 10 455 CuS AUk e 4 i 2
PERTE A Ob o TN i e N

10 4T1 FREBAMAEAR G ENIERER A
A. B CuS Kbt R B SR E IR R
L1220 A B B X Ja

3 i

HEDEHIR AR B IR IR r Bk, S48
IS ARG IR PR B B R A AR |
MRS AR AR SF A2 CuS GKORE Y A0, {5 H i Sk

FIrifIBF) CuS 4K ARAR ZAE 10 nm DL AT
BT CuS GIAKITER N H B, B PR HIHAE NG IR
AR, s VRS AT RIAT SRR DX A TR A
WF 5% 28 B PR 28 25 S L ARE p B - o7 T AT AR 72, 75
F| CuS GRRLA LA T7 T2, il & S prokifs
3 (3.10+0.81) nm F4 CuS 94 K ki, H 4 77 = A
B, G F AR A = iz Aab T h L PVP AR SR SR
F, fifi CuS Gk A RAFrkifefae v, 4ris
1o, NGy R REEDUTE, H R R EEE o At ml & 3
PVP ¥ i Xt CuS 44 K ki ki 12 B A B K m,
PVP IR JEAIK, CuS KA ) KA RE, KRR K;
WP K, 2, 451 CuS gekhikife
B, R EREAE 1Y PVP W, S22 CuS 4k
BRI AN R 22—,

T CuS GKRIAEIT LT A X 2] (700~1 400)nm
AR, AR 2D A RS, BAT B Y
SRS, FFRIER) CuS 9KBIFE 1 W/em? BYIOE
R BT, Y 4 min, J5 AT 53] 42 C LU
b, AT R A A A R T s R SEN ., R CuS gk
R B P RER IR T Cu® Y d-d RESERAT, A
Gy 32 SN RIRER R, PR ARIERYT CuS Gk HAT R
IR FR e M. ARSI FTIEIER) CuS KA
YIAHZS G, ELGT IR 4 i ELAT B 3 RO
FH, 3% 5 2800k HE A — S,

25 b, ARWFSEFTH 40 CuS GKbikiAe A SR
T CuS AR AR PN E R A [, ol LB - 1o FH
R e IR YT o ARG 1 — 25 0 5 T )
R AR AR P 8 A D A B X e 2 2 ) S 44
AR
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