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(1.3 B 25 X 3255212, 4L &KX 432500,
2P EHRFPHRRE PHEFTHFIREL LR T, HKIL 432500)

-

W OEARRERTL-FBEE/ALBE LY (DNT-Se) 89 RAEH & 54, AL E2bH. LEHE (DNTs) K
B #AEFEC (V) HSTmEMBett, LABRMKE. REE., REBREEAFERE, RAMEKILEER
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Optimization of the Preparation Process and Evaluation of the Activity of
B-Glucan/Nano-selenium Complex (DNT-Se) from Black Fungus
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(1.College of Pharmacy, Hubei University of Chinese Medicine, Wuhan 432500, China;
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Chinese Medicine, Wuhan 432500, China)

Abstract: This study aimed to explore the optimal conditions for the preparation of S-glucan/nanosized selenium (Se NPs)
complexes (DNT-Se) and determining the safety of DNT-Se. The concentration of polysaccharides (DNTs), the ratio of
vitamin C (V) to Na,SeO;, the concentration of Na,SeO;, the reaction time, and the reaction temperature were used as
experimental factors. The dual-wavelength colorimetric method and the Malvern particle-size assay method were used to
characterize changes in the particle size of Se NPs in DNT-Se, and the single-factors and orthogonal experimental design
were used to investigate the preparation process of DNT-Se, and the toxicity of DNT-Se to 293T human embryonic kidney
cells and normal liver cells of AML-12 mice was evaluated by using CCK-8. The results showed that the optimal conditions
for DNT-Se preparation were list as follows: 1.0 mg/mL of DNTs, and 1.0 mg/mL of Na,SeO, with the ratio of vitamin C to
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Na,SeO, 6: 1. Moreover, the reaction time was 12 h, and the reaction temperature was 25 °C. The mean diameter of DNT-

Se prepared under such conditions was around 34.50 nm. Cell proliferation experiment results showed that DNT-Se was

non-toxic to 293T human embryonic kidney cells and normal liver cells of AML-12 mice, but it could inhibit the
proliferation of HepG2 cells, and the ICy, value of DNT-Se for HepG2 cells at 72 h was 42.54 pg/mL. The synthesis
process of DNT-Se was fixed in this work, and the obtained nanoparticles were with smaller size and uniform distribution.

Moreover, the DNT-Se could significantly inhibit the proliferation of HepG2 hepatoma cells without toxicity to normal

cells, which was of good biosafety.

Key words: Se NPs; black fungus; f-glucans; process investigation

WA, HEE DK FEARN K, 22428 AR 4
J& B TCH LK TR FH AP Bam iyay . b, 48
KA (Se NPs) RIHBREAR . AR FHEE R . WP m Ak
SRS B R AIE T RN K e A a5 . {HAlY Se NPs A~
Fang, FERI M D25 20 RAE, DR S (e L R A /K
TR ETE, FE A R — B U S R s A
FM AR AR RS 43 AkeA R R
B AR ORI R M 43 HRE ), (B R AR 0BT
{03 2B ST S0 EL 7/ DY i W 1] ) IVA S S sad | SR 3 L A =
SRS RIRAE YRSy F, I FHAR G E YA
PRI, B SR iz W TR 2 E Y R A R,
Meng Z51°0 F1] FH 22 4 IV A% P G0 5 5 15 R A9 —Fh o 78U
PRI 7K I B B KA (Se-APS ) . 45560, Se-
APS i = . KL BIVER/IN, AR L iE
T R EL A G 58, IR BEAZ A HH] HepG2 AU ) 41
YEGE, W A ERS FR 28 . Zhu S5 ST A 5
ZHE(ULP)F25E 1) Se NPs % DSS iS00/ Bttt 1%
PRSI S r AR E ] o TR, & Z2 B -ah KAt A2
G RIS R HA B2

PSRRI A K AEATAR B —FP 258, B &b
25 A N . MBS | Rl I A UBERAE IS AL
PSR BOREA EERETER S 20, BT
O Z Rt ol T SR E BRI B AN R 25
288, JHUER] T AT 5 A Z R A S, and i
i PrEAL . BEMNE B o e 15 S5, AR
R T HAIESE Y, 2 A BE A H h B B — Fh 2 B,
AIFEZK R 42 ARG A (DNTs) U417, s
Hr S IR LAY W] DL g 2P S5, in DOX 24
Y. PtAOV)ORTZ . BEFHTAIC(AIE) YUl KX 4 | 4R
GO JELEIRY T TR R R R AR
BRI, IR A WIVE I —FR R AL HI T, Hoahl g T 25 9Fok
AT RGEWETE, AR HAE 2 IR AT K o

PRIk, AR SCHLE o 3R GE il A5 T 2B 5Ok R
DNT-Se Z G5 Wil 540 AR, 7E9)
KAl e T2, W . 4i2E 3R C 5 AR AN
PR P A5 . s g T RE S5 2 ) A AR 4 K O 1) B
PIEEPO, PRIk, AR SO AR HE B4 SR B/ AN KA 52 A
Y1 (DNT-Se) iyl #& T. 217558, TRFTRB—AT
B-HETRNER R R | A3 C FARRRENTC b . B
TR NESTR] . SIPATE PR AN B 25 2 W 4514 %) DNT-
Se E A& WIRIARNE M, SR R 2= 2 5545 6 1E 2K
IS BEAT L2, AT A 2 1 45 DNT-Se By fE: T,

25 AR HepG2 ITHRANHIHH BN
1 #R5EE
L1 MRS

EARH WL B 2R AlE KT E TR

I A RAF; E4esh REETT RS2
FASE . JC/K B, ik 28 C, WAlmRgeN  Ezh4Er{ik
2 PR E] ST T LA, PRABER VR
Pr T AR B A A BR 2 7] 5 Cell Counting Kit-8
HA AR (L) A PR 7l DMEM #5383 XL
LSRR R « WilF(0.25%) . BifREhsz v
W 32 [E HyClone 2 7l ; g2k ML (FBS) 32
Gbico A H]; “H AN (DMSO) £[E Sigma 2\ Fl;
ARG B AR AR 293 T, /Iy BUIE & JH 41 ik AML-
12 X AAFREARMIRR HepG2 W [ vb B RF2# B 2 9
e S5 4 Ao T o

Implen N60 BRSNS T Jbatiiil
VAR A BN W5 Nicolet 6700 {# BLIH£T 4R Y%
I FEER KRB AR FL YP-2 TKAHL i
BB A FR 2 7] s Mercury VX-300 %4 4R
1 Varian Mercury 23 7]; LC-10A =80 AH {3
RI-10A 75 2Z 4 ) #%  Shimadzu; 4,3% 43 BRT105-
104-102 & B &E I8 4 BRT105-104-102 ( 8 mmx
300 mm) BoRuiSaccharide; Nano-ZS90 ¥i 4 ) &
0 HIRSANASA IR ] JEM1400 35 EE H
A~ JEOL A3 PR 2N 7l s QUANTA200 34 20 HE, 7~ i i
%%  FEI 2\ XPertPro X HFERATHHMY  far 2 iAghE}
Nl ESCALAB250Xi X SR FHERS{Y  Thermo
FisherScientific,
1.2 XWFHE
1.2.1 PBOKH g RAEIRE. 58 JRIE FERR
S35 30K [21] WL, BARE IS, 43 0 FH N
il . ZHR BRI 4 h BERE, Bt AR M T S5 {8
70% ZWEF K 24 h J5 FH 0.9% NaCl $#2 5, e |-
I, SRIGMHEH Sevage EEREE . H,O, 65, i#HT 7 d
JE R T RIS AR H 20l . #eI8 S 25 3k [22] 97
125, SRR - R v T R B SRE I SR A
BHATIRE o R T BT B s s, 8
FHEE N3G EE T A S WEAE 490 nm &b 1Y
SCEEAE, AR TR S 0 B S . A
LM EREAL, SR HTRICH R R PR LR -
HRBE LGS, Kl 2 400~4000 cm ™' U
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B 30 mg FBARHE - RAEA T ST 1 mL it
FA L AR (DMSO-d6) i, B T AZ AN 34705 LA
PR HR (NMRO) S B, IR 25 °Cs

1.2.2 SKHE g4 /KA1 5 5 1) (DNT-Se)
HleE B p-HRBET 60 °C T 28K (1 mg/mL),
Ve AN E R, BT ok HAE K i {4125 RO -
T RPFGIAKAE, AT 44 N DNTs, 49Kl X} fE2H (Se
NPs), RH Vo dJFkidiles . # Ve /KB (1 mg/mL)
DL 4:1(n/n) 04 LY A5 322 0 Vi n 381) S 08 122 4 /K P v v
BIRTS- 2GR T, #5450 Se NPs. DNT-Se il
BT, B FEAH: BRI L 1 mg/mL
B 2RISR, T5 58 V5 2R N 0.1 mol/L (193IF.
il P2 4 (Na,SeO) /KUK, i+ 30 min J5 FHH% IE4E
AFE C 5 WM ENAEC LA 411 (n/n) 2270 4 A=
2 C /KW (1 mg/mL), F 25 °C X 24 h, ZJakE
AIBEMTAEH (MWCO 3000)iB8T, B TR RIS 204
/KA IE 51, fin44 A DNT-Se.

1.2.3  B-5SRMH/AN KA A1) TH GRS PO
FEbR

1.2.3.1 MPERBOCE LHEE R 1 mg/mL
DNTs. 1 mg/mL 4428 C IEWR L 1 mg/mL 44
#E C+1 mg/mL DNTs(v/v=1:1) ., 1 mg/mL DNTs+
1 mg/mL 44 2 C+1 mol/L 3V filli i #4415 W’ (v/v/iv=
1:1:1), #7845 M IR T (200~800 nm) , #7E
£ 2,(410 nm) | 2,(490 nm) MG AL Ay, FFiT
B A/A, BUE, DA R RTARR, DL R (A /A,)
SRYNAELR, 2 R E, DA IS/ NI DNT-Se &2
G Se NPs HRAR K/, B FEMER 3 IR,
1.2.3.2 RiARSGNELS T30 DNT-Se BT 5K
SCHOCRIEE AR, F25E 120 s, T 25 °C FilllZ DNT-Se
HAYIH Se NPs B, B MEEMER 3 K.

1.2.4 DNTs-Se bif2 R ZEHELEE 53517548 DNTs
WL | PARIRENHR R . 4EAE 3 C 5 WARIRENECEL . /2
REHRE | W HTEIXT DNT-Se G AR . 4353 e
WM 0.1, 0.5, 1.0, 1.5, 2.0 mg/mL HJ DNTs ¥
W, FHAD KA LR FFAAE, 5 %% DNTs ¥ JEE X DNT-Se
JE Bz LR A S5 AN AR, 2552 0.6, 0.8, 1.0,
1.2 mol/L 1Y VAl &2 £ %5 W& %T DNT-Se JE A 52 05
G E I A 2 C 5 ER AN, ff — 3 & e R
2:1.3:1.4:1,5:1, 6:1(n/n YW Z L), ZE84E:
A C 5 AR ENED L X DNT-Se JE BB F2 00 ; 43
25 8¢ I B RSN 25, 37, 60, 80 °C B X} DNT-
Se JE BLAYSZNNA; LEARAF FHAB S AN S Y 2504 T 5351
FELITN 3. 6. 12, 24, 36 h X DNT-Se sz .
1.2.5 FASIREIE DNT-Se Bo#l45 T2, DL DNTs-
Se H1 Se NPs RiAS K/ N HAR 2R A I 4 SRR,
FEH =PRI ST A, Wl B S R i)
K, Bh Lo (3T IERZ B Z /KR AR, Fe ik 1
FATIERZIRS, LX) DNT-Se i3 mt—Lrtiik.

F1IEBOHHR R RS K

Table 1 Factors and levels in orthogonal design
~:. K-
S li9=2
1 2 3
DNTs# ¥ (mg/mL) A 0.5 1.0 15
V:Na,SeO;(n/n) B 4:1 5:1 6:1
Na,SeO,if & (mol/L) C 0.6 0.8 1.0

1.2.6 RAKHE B4 BBE/4N KA 2 54 (DNT-Se) 1Y
JESZAE  DNT-Se MJESUAFIE i 3 i O Ha 7 . ik
HE(TEM) SRMEE . BT 7 il 819 DNTs. Se NPs
K DNT-Se #H T BN T 100 H 095 K _E, 15
FESRBEUBR 10 min J5, FHUEARUEE 45 RIATRE A,
FEE T BT, il i TEM USRI ASRE S BITHOUL
JEA . [RIET R A BOGIE SO R i AW A #E A T
UREE, TN R 5 kv, MR ET R Tt 45
1.2.7 AMM3GFESEs SR CCKS8 P Kl DNT-
Se SFFE AT A AN UG FE AN TR O TE O . B SESR I
VK DNTs. Se NPs & DNT-Se X HepG2 & 4
R 3 FE AR O o B AL X B R Y HepG2
2RV b, TN G584 B IR BRSO A IR, O T
FHARMII G PR AR SR 798 B 5. K A TR S
WRGRE G LA 1.0x10* A4/FL B 25 3 43 2 Fh T 96 FL
M PN, TR FRAR T A NG RE . WGRE SR S8
e )5 A6 )5 i) DNTs. Se NPs. DNT-Se %35 5L (6.25.
12.5. 25, 50, 100, 200 pug/mL) 45> B0 A 2|45 FL
[RIEsF ST IC2%) . TCANMEias 14U IC 25 . A3 4
Rt RRZH, B I E 4 DR AL, BT 5% CO,. 37 C
P FEFE TH RS 53 5557 24, 48, 72 ho

1 H R HIZIEM D DNT-Se Xt 293T AJRIGE
AL AML-12 /)N BUE & BF A0S 4 id 52, DAE
—E Wi xE DNT-Se /LW 22 4=k, 1% 293T 4ufi i
AML-12 4B LA 1x10° (4% R T 96 FLAR, FF H:
WEE . Z SIS — & MR RA ) DNT-Se £53%
3(6.25. 12.5. 25, 50, 100, 200 pg/mL), [ A4~
o5y . AR Es HALRIJCZ5Y) . A AN pd X R
2, B E 4 NEFL, BT 5% CO,. 37 C s
FErhakses R 48 ho

DL b =R ge 2k B35 5, AL TG PBS
TH VRN 2 IR PAVEF IS IR AL, FEAIIA 100 pl 3% 10%
CCKS8 K573k, THIFRAA HRLMEE 20 min, )5 4
BEARAXAE 450 nm AZbAG I LW BE OD (B .
TR A FETE 22, FH Graphpad prism 7.0 11
2B (IC ) :

HMIAFIE (% )=(OD 4505~ OD s 51 )/ (OD e —
OD. 44 %100
1.3 HIEAIE

K Graph Pad Prism 7.0 #4188 3574811
SR, TR RO O bR fE2E (X+s ) FoR, 241 1H]
%R FH One-Way ANOVA #6556, P<0.05 3822
SAGIFE
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2 FERESh
2.1 FEARE p-ARENIELERFIE

JIT A5 22 0 SR FH AR Iy - R 2 DU A5 B 5 i oy
94.1%, PRI Tl vkl . 3k as
F-BOTRARH. i R P B L KB S
FEANSLAEIEAT T PRAN I RAE, SAS S HZ WA T
WA T 5 2 %) b, MTTRIE 2 AR £14h
FERFENE 1A iR, AIE 1A AT SRR HATRYELE
890 cm ™' A B i (WKL, Sy B A TRY P AR T I,
L5 RTINIEGE, IZ B ZHE R p-T R

&)

4000 3500 3000 2500 2000 1500 1000 500
WAL (em™)

HS

/ 3t
H4
[y Hot

.

6.0 55 50 45 40 35 3.0 2.5
f1 (ppm)

(©) C5.m

C2,t
Cs j Ca.t C4.C6d
C1,Clt e, \
3

) t\ jz/%

110 100 90 80 70 60

f1 (ppm)
(D) HO HO
HO HO
OH OH
OH O O
HO Q (0] Q HO Q
S 7
OH OH OH

K1 RARH B RIERTLLAMAE (A) | BREIR A
(B) . B3 pikunit (C) K HA5#(D)
Fig.1 FT-IR spectrum (A) , '"H NMR spectrum (B) , °C NMR
spectrum (C) and structural formula (D) of f-glucan from
Auricularia auricula

SRR LR S ARG S AT BE A HE - S b
miERz 7=, aniE 1B FE 1C s, 78°C g dt
PR vh oA S BB (X BETE 2 {5 5 (176.5 ppm), #HH
BAHIRNIE TR, SEAH: - R 74.26 ppm
&b C2t BUIMEL (IS ) FILE 72.99 ppm Ak C2(F=5%) FH
SHBEIUAE A 1:1.4, DNTs (T A LA anse 2
. SRTEHRIE BARE 2452 1) NMR RHIEIG
SEHE PO T HA AL T R — A B-(1,3)-
AN R A B-(1,6)-F S MGE, BAARSY
= AnK 1D .

2 HOKH S-HBBHAH A1SC NMR fL#0i %

Table 2 'H and C NMR chemical shifts of S-glucan from
Auricularia auricula
He2ives4 2 3 4 5 6
(ppm) 2md 2t 3md 3t 4md 4t 5dt 5m 6mt 6d
'H 424 — 293 3.20 3.10 3.16 3.28 3.67 3.43

PC103.5 73.0 742 86.6 772 69.0 70.6 76.7 752 61.4 69.0
T m, AR 3R ATHIEE | 1,3,6- IR MANA i A A o

22 ZEKE pARENKMESY) (DNT-Se) HIH
ETIZHR

2.2.1 AR EEEROERE R Ys Z ATdE

I IS AA 5 TR LIR30 71l R, A0 90 K SO A A5

SE e=1g(AYA)) [ 1g(A/Ay), Hodh AL A, 535 3R7R

FESMTEDERS 2,0 A, FROWIRME . TTH A /A, I ERIE
ARNELDIKATG P RIARAZ A, 4 FEAEANAZ T, G KA Yy

BARA A A=A FUARDBOR, GNoRAMFRpRAS BN, JE

FUBASTE o & 2 AR WY UV-Vis PKSTHH
OGS . EIH AT LLE Y, DNTs. Vo X H 1R
BREMTE 200~300 nm i [l YA B g g i g, E
1E 300~600 nm & [l N JC B 2. WA T DNTs+V o+
Na,SeO; (bW AT i ) £ 200~600 nm &b H545 Wz i,
HWEE R T, DEPHTENNA Na,SeO, Ji A2l T —a2 i)
ZPKATG, PIHAE 300~600 nm JEFEIPZERL 410 1490 nm
VE DRI E B, TFLL Ay o/ Ao VEHFRNEDN
AR AS B A AR AL AR A A8 AR

1.5
—— DNTs
_ V(‘,
V+DNTs
1.0 — DNTs+V+Na,SeO,

0
200 300 400 500 600 700 800
HA (nm)
K2 AR UV-Vis 2 HoE g
Fig.2 Full-scanning UV-Vis absorption spectra of different
solutions

2.2.2 PARZFEFZELELIGSE
2.2.2.1 DNTs #EEXT DNT-Se Wl aUs2nn Ay
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LIBART: B-45 AR VE W DNTSs FE AR5, #F5E T
DNTs # i X} DNT-Se &2 54 Se NPs KLA% 152
e, AHREE TR BYIOGEE LB A DNT-Se 549 Se
NPs FPRLAZ 1SR 3 s o R3S DNTs ¥ BE 9450,
Ao/ Agoo M EUIE 52 B 58 b TH S R B9 #, 7E
DNTs ¥ 4 1.0 mg/mL 5 Ay, /A e 15 Bl 5 KAH
2.549+0.025. [AJHT, HhoR SORARAGMNAS iy 25 SRR B,
DNT-Se &Z 5 Se NPs kit H 5/ N HE ok
A, £ 1.0 mg/mL B Se NPs fpRifedx/N, K45
HEEWOCE 7 d 5, IR R RIS, v w250t
AHAS-LH R e M R A, A, #%54%% 1.0 mg/mL DNTs
VER LA Z H DNTs HOHEE

# 3 6] DNTs W BEXT ORI IRRLAR B2 Ay o/ Ao IFETR

Table 3  Effect of different DNTs concentration on the size of

Se NPs and A, (/A 490

DNTs#JE (mg/mL) Ay /Ay BUEK AL KAk AE (nm)
0.1 1.796+0.008" 49.3749.61°
0.5 1.7980.002° 36.86+4.44°
1.0 2.549+0.025" 32.30+£6.62°
15 2.384+0.030° 41.04+3.73°
2.0 2.313+0.041° 39.71+6.03°

T RIS AR/ NG F-REE FRR 4 8] 24 5 8.3 (P<0.05); b IR /NS
FHEFORARZE R R RE(P>0.05),

2222 HEAFR C 5WAREHHIMC LX) DNT-Se &
JEHFENE 25T TR B IROGRE FUAEL A AR R A
gk 4 PR [IRE SN AAS 28 AT PR A P 2 He S
0.1 mol/L, V. FEEX SN i 5200 2R IAEMAR R
HOMPARPR NS AR 2 SE U, RETR AL WAL A5 4
A o AT S N S e AR B P e ELUL ) A U35
WO BOTR T, BRE WT N KAl A= il e Bl =2, [R] AT,
Agor Aggo WHTHESEEITT Hls THE . R 40
FTLLE Y, B V/Na,SeO; T, Ay o/Ageg 2 HT
HEHN, XUV O R 2 i AN TR NS S T R
B TS PEAEIR S 5:1 Z 05, Ayyo/Agee B BRI
X ULI Y V/Na,SeO, ik 5l 5:1 ZJ5, WK &R
PR NP RN AT 2 T SE AN, AN A
Z, PRI Ao/ Ao TR/, B ME T
S T TR A R AR , % ILHAE V/Na,SeO, K
501 BFEPRIAE /N, IREE RS O FUAE AR R — 2K
P A WOCE 7 d Jm, AR K BIRDIEIE, nlH)
F 4 AR Ve 5 Na,SeO; ML LU X4 KA 728 K
Ao/ Ao MIFE
Table 4 Effect of different ratio of V, and Na,SeO; on the size
of Se NPs and A, /A,

Agi/Ase0

Ny, NNa,SeO; LB He ) YKAN KA (nm)
2:1 1.646+0.005° 42.85+3.42°
3:1 1.797+0.005" 41.99+5.62°
4:1 2.153+0.012¢ 40.86+1.79°
5:1 2.183+0.008¢ 37.88+7.32°
6:1 2.158+0.003¢ 44.86+1.12°

AU A ZH RIS E M R 4f . 4G al 21, st
£ V/Na,SeO,=5: 1 fERRMAE R T 4R C 5
AR EN Y LLA5]
2.2.2.3 MU JEXT DNT-Se JE AL 2 ik
FEASEAARAREAL A I NG 2R, T HXAE AR E
Y ZHE DNTs WA 20, BRI, 8 58 — 8 1Y 0L
e B H A AIEMTTE T AR A RO
et 2 XS K AR T il B 52 ), SERG 25 2R UNSR 5 P .
INEEFR A AT LIFS AN, BEAE SIS I THET, Ay o/ Asoo
BT RRAR, DKL TG N, H2 2 7E 80 °C iy HY
BT ERUC, PRI o d s A n BER S AS , [W)
HsFHE 1 20 2R 232 RS2, S BOEA SNVAR AN
FaE , ZHREE DK RE o5, ST 25,
37. 60 C BF¥RAAERDL, H 25 °C 1) DNT-Se Hi
Aedne/ N, PRI, 5E68F 25 °C /521 % DNT-Se ffER
PR o
5 RIE SR XK ATRLAR S Ay o/ A ggg IS
Table 5 Effect of different reaction temperature on the size of
Se NPs andA (/A9

SN (C) Ao/ AgogPUR A L EATE ) POKARRLARE (nm)
25 2.085+0.015° 37.65+2.64°
37 2.047+0.010° 42.4143.10®
60 1.88240.008° 49.06+5.70°
80 — —

T FOR R R MUR S T

2.2.2.4 JZWEFE]X DNT-Se JE AL BOELM 5 0
TR EE X AN KA A R NS i — A, N Bt ) X gk
T PRAS A B 2RI, PRI, AR ERST T
JRF FSF T8 X5k 4 KA TE 0 1) 5 i, 256 2 SR an k6 Jr
ANo MEERRTPT LIE Y, SOVEHEIE 12 h W, BEE 2
RS G, A, o/ Ao WLIZHIEE N, 2N AKATERT 252
WO/ 24 N B A KT 12 hBF, Ay o/Agge TT LR R
IS, GURATRIAR G IN . RN B — 2 i, Bl SN
A 18] A S I, AR 25 v A BB AN KT 2 T4 22, s A
Bl a2 B 8 B - B 2T B A2 1, Ay o/Aleo
W49, DNT-Se BiARy/ N33, (H W Bsfa) it <, 4i
KAili2s K HE AR B, AN KT IR ARG R, R A B3
a2 LT AAR RG240, Fe LT Ayt . ik,
JZ N B AN B a4, #3412 h £E Rl 46 DNT-Se
A4S RE S ]

K6 RIS AARTATRAE B Ay o/A oy I
Table 6 Effect of different reaction time on the size of
Se NPs and A, /Ayq0

_ X Ayo/A Y.
SO TE] (h) (3 &j‘g Lt%oi 1) ZORAIAIAR (nm)
3 1.812+0.007* 49.25+7.16°
6 1.845+0.005" 41.25+7.52%
12 2.092+0.019° 35.76+7.45°
24 2.039+0.013¢ 40.16+4.38"
36 1.913+0.007¢ 44.93+6.37°

2.2.2.5 \VAGERENHE BEXT DNT-Se JE 2 4
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B R, S BAH SR 4RI 5 ) (DNT-Se) Bl 8 L2 SR B4 - 167 -

W 20 B SRR 53 3 B A E RTHE T,
FIH DNTs 1280 7T BEZS BUAHKAMG . PR IHG AN K AT 1)
WPE 2R G L AR S APG PR BN TR B X PREARE 1 52 A
TN BEBEUREEIEIN, Aylo/ Asep BEHTIR/IN, 2
KA AL A2 S BRI A $A FEMRBE SR 1.2 mol/L
f, FEAL L T RUTI SR o SEE R, 0.6, 0.8,
1.0 mol/L 1Y Ay /A oo FRAZAHZEARTK, 455 FH 1Y
H Y, 148 Na,SeO; S 1.0 mol/L Ak sz B4 2 il
TGP B AR L o
7 A Na,SeO; Wt FEXT AN R4S K
Ao/ Aggn FIEN
Table 7 Effect of different Na,SeO, concentration on the size
of Se NPs and A, /A4,

A4 1 0/ A490

Na,SeO, ¥ & (mol/L) Bt ) HKAMFAE (nm)
0.6 2.158+0.043° 37.93+4.70°
0.8 1.832+0.003" 41.79+1.96
1 1.795+0.016" 43.40+3.08°
1.2 — —

2.2.3 IEAZIEGIE DNT-Se fUHl4 .25 FET0T
IR EPAPR B SLES AILE IR MASTFS TR TS H Y, %8 DNTs
W (A) | 43R C 5 AlER 4N A D E (B ) ANV AR L
WP (OVE MR ZR, SRl B 554 E R b TRl K,
FBAR = AR, SR ER Shas B, VR RARSEEG 1Y
PRZE, SR =K Ly (3T IERR G2,
Wi DNT-Se il T2, LbFSrohaioRiihits.
SCEEAE A PR KNSR 1, SEIGAE IR AN 8 .
8 IERIRRI HEER

Table 8 Orthogonal experimental design and results

K
S A B C L, BOKARRLAE (nm)
DNTs#t & V:Na,SeO; Na,SeO & =

1 1 1 1 1 47.56
2 1 2 2 2 46.22
3 1 3 3 3 44.28
4 2 1 2 3 37.97
5 2 2 3 1 40.12
6 2 3 1 2 39.64
7 3 1 3 2 43.87
8 3 2 1 3 47.06
9 3 3 2 1 44.70
K, 138.1 86.3 89.5 88.3

K, 78.5 88.9 85.9 86.5

K, 90.4 85.7 85.5 86.2

K, 46020 43133 44753 44.127

X 39.243 44.467 42.963 43.243

i< 45.210 42.873 42.757 43.103

R 6.8 1.6 2.0 1.0

X IE A2 3 58 i 45 51, DL DNTs-Se H' Se NPs Hi
BRI HFER, AT EDWR 4T M Ty 225381, AN 8 il
2% 9 U, IS HEHFE MR 22T, I A.B.C ¥
FAES5IEFHE L3 S vl A, E2R A AN FEIZKCEXT 92K
RS A .25 1 22 5, Bl DNTs ¥ B8 55 gl KA 11

FEM) 5835 (P<0.05) o 45 PRI 3T G KA A28 114 5 i A
R A>C>B. RIGIEISIEEGAE R, S5 AET RN
A,B,C;.

9 IERRIEE R TT =0T

Table 9 Analysis of variance of orthogonal experiment results

W& W2 Pirfm BHlE Flt FIiFHE W&
A 82.180 2 44.494 19.000 *
B 4384 2 2.374 19.000
c 7.233 2 3.916 19.000

R 1.850 2

T FIRER B E, P<0.05,

2.2.4 BUFSEES s HIEASIRIG TS iy f At At
17 5 AT Ha A T50HIE, B DNTs ¥ 1.0 mg/mL,
e C 5 WAl PRANEC EL 611, SV A R 40 s B2 A
1.0 mol/L 5 YRIGUETEEE 19 435 5 Hh 9 KA 7 422 43 1)
k7 33.59. 35.10. 34.48. 35.32. 34.01 nm, 5 R iiF
ST AR TRLAR I E Y 34.5040.72 nm. 3%
P& A,B,C; 1E N BAERIE 251
23 EKE p-ERPEMNKIMEESY) (DNT-Se) B
SRARAE

DNTs M Se NPs (Ui S LS R UK 3 s,
&l 3A s, DNTs fE7K Ha] 3 2028 ik P34 JAR
24787 200 nm IRIACIR I AP Zs gk EF 4. A 438X
4l Se NPs NIEREE U H] FURIARE K, £9°0 220 nm
("l 3B) . &l 3C F1&l 3D J2& DNT-Se 04 1% 5 Ha, 5%
&L RitE A K. AR, P DNTs BIFTE, Se NPs A~
FRERA, M — | A—H 5 HF DNTs fyH=s
K, 5 ICHR [17] 0B AHAT . DNT-Se JEZR R
1, B /IS, 2970 30.9 nm (& 3C), 1 IEAS IR U i
B IRIAR R/ INT M 34.50 nm, 3% 2 P S 1 32 56 E s

@) =4 ® ©

— \s-. §

1\) 500 nm IOO_nm 100 nm

30 1 (D)

15 20 25 30 35 40 45
Rit% (nm)
%13 DNTs, Se NPs, DNT-Se /) TEM [&1% & DNT-Se H
Se NPs fif5 57 &

Fig.3 TEM image of DNTs, Se NPs and DNT-Se, and particle
size distribution of Se NPs in DNT-Se

1E£: A. DNTs; B. Se NPs; C. DNT-Se; D. DNT-Se #' Se NPs [

KIAZ I3
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Fig.4 Survival rates of different cells at different incubation
time of DNTs, Se NPs and DNT-Se

T A~C 435113278 HepG2 4243715 DNTs. Se NPs, DNT-
Se 1E 24, 48, 72 h J5 WY A MLA715 %¢; D %78 DNT-Se 5 A [+
M F 48 h J5 BYAIAEAFIR 45 *P<0.05, **P<0.01; n=4.

2.4 YHREIETESCIG

B HFFER, S a AR 55 S A ML R T
RAFEHURIETERY . WO P AR T i 2 A RN T
HANMVER, A58 R CCKS 7:%F DNTs. Se NPs
¢ DNT-Se X HepG2 gHARAYFEHAT Ti8T. 4551
nE 4 s, HIE 4A AT50, DNTs 5408646 72 h
Je, e AR T 75%, Bil] DNTs
ASASTACHEHL, o AT HEM A A | AH I T B
& 4B W1, 200 pg/mL ) Se NPs S54II1EH 48 h
J&, TEI = B T A R T 92%, 1 24 HAE FA AT E]
ik 72 h B, HARTE R B2 TR HS 48 h AR B3
P22 5 (P<0.05); FR 1Al 4C n %, BE#E DNT-Se 541
HIEHEE (Bt R] AN, JHAEE FR WA, X =4~
AsF ] B2 14 2 BB e B i 1T 1145, DNT-Se 7E 24,
48 .72h 11 ICs, S1RCA 412,81, 125.64 ., 42.54 ng/mL .
1] bl,, DNT-Se Xf HepG2 4l a1 1E FH 2 A B TR 4K 4
P, HAE45 A B PN, DNT-Se 2H 14 1C5, HIIK T Se
NPs 2H, 7] U6 £ DNTs 53U il 57 (DNT-Se) fig
¥ Z2[¥) Se NPs i ATz 4tifite, DA B8 dy-Hb & $5 00
e A S FE IAVE o 25 RN TRIFRIAEAAR N P A R
D, JE SIS 48 h /1 DNT-Se M 4520 A%
S MM E RS TE]

M T 254K DNT-Se X IE # 4HU A4, A<
SRR 293T AR 4l Sz AML-12 /NEUIE R
AFAmRL R CCK8 SL86 LARRIEI 224 . A&l 4D B
7%, DNT-Se 43515 293 T 4iifi F1 AML-12 41 i
48 h Ji7, R 7E e i e 32 (200 pg/mL) B, A0 M A7
WRA R T 82%, Ui DNT-Se XJ1E % 4 I JC#E
AR, BA BRIy e,

3 it

AR AN L il 45 AR EL B-F SR/ 4N K
Wi 4% (DNT-Se), % %<7 DNTs ¥ i | 4B R
C 5 WARERENEC LY . SONIREE | SN RSTE] | SRR R A
HRIEEXT DNT-Se B2 R/NAISEMN], Fe 240 5E DNT-Se
IR 2 T2 DNTs ¥R 1.0 mg/mL, 442 C
5VAN RN EC L 61 1, SV A BR3¢ B2 S 1.0 mol/L,
SRR BE Sy 25 °C, MBS TE] 2 12 h, irf§ DNT-Se
B SEHME N 34.50 nmo AU IS FE ST U0 45 R B,
DNT-Se *J 293T ARG 4 )i &2 AML-12 /N B IE
H T A IEAS TCEE M, (B2 %) HepG2 JTJi 40 M 14
G HA WA I EIVE I, HIHXT HepG2 JHHas 40 i
FHPFNHIVE B 20T Se NPs. A58 S~y ZZ /40
KA AT IR B T Jhil
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