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W OE: BY Sl L BERHERME (PBP) MIEGUREL, ISP RN S . A& DURGAE R E AT
BRI, ) L 2R R R DU 9K KL (PBP-SeNPs), i i 5K 2 546 F1 Box-Behnken WS [HI VA £4Y, PBP-SeNPs [194k 5 &
fileg T2, MU e Pk, 208Efe s (PDD. iz, EH T RMEE (TEM) WERHANIEE,
] s} 25 YN A B A R e FIE N Bk SR MTT 514l PBP-SeNPs X 4T1 40 HI kb5, JFIEL 4T1 fif
PR /N BRI S AR N B RO . 2R ALy el 4% L2008 PBP. WAlERSH (NaxSeOs) PR MER LR &L 79 9.79 1 1 ¢
3 #ckl, PBP HIREIEN S4mgmL™, KNIREN 24°C, KVETEY 2.7h B, PBP-SeNPs HIFifE N (126.40046.402) nm,
PDI 4 0.19740.021, & HAAN (-8.17£0.35) mV, Flig 1.2%, FHZAEN 55.0%; TEM W% PBP-SeNPs 21— BRI,
PBP-SeNPs 7F 0.9%FAEAEM . PBS. 5% & #iA M E /M I P E 12h R A BN, =RME 15d e, 4k
AR EE S E S2 PBP-SeNPs fg ik 4k 4T1 FLARE AN G5, % 4T1 0 i 4 K4l /8 B L [RIVR E PBP 5 9[- 3
HIIRE (ICs0)s 62.64 vs 189.10 ug-mL1]; &P BRI LG+, PBP-SeNPs X farfa /) it 18T ZR BF S50 - BH 28 24 ] 2 2935
(68.3% vs 33.6%, P<<0.05) 1 PBP i&TK (68.3% vs 49.7%, P<<0.05), H/NRAIRFEAATEIEEIIR HBLEE F % (P>0.05).
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Preparation, characterization, and anti-tumor study of Pleione bulbocodioides
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Abstract: Objective To prepare Pleione bulbocodioides glucomannan (PBP)-selenium nanoparticles and preliminarily evaluate their
anti-tumor activity in vitro and in vivo. Methods PBP nanoparticles (PBP-SeNPs) were synthesized using in situ-generated selenium
as a crosslinker. The formulation and preparation process were optimized through single-factor experiments and Box-Behnken response
surface methodology. The optimized PBP-SeNPs were characterized by dynamic light scattering (DLS) for average particle size,
polydispersity index (PDI), and { potential, while their morphology was observed via transmission electron microscopy (TEM). Their
particle size changes in physiological media and during the storage at room temperature were monitored for stability assessment. MTT
assay was used to evaluate their in vitro cytotoxicity against 4T1 breast cancer cells, and the in vivo anti-tumor efficacy was investigated
in 4T1 tumor-bearing mice. Results The optimal formulation was the feeding mass ratio of PBP-sodium selenite (Na2SeOs)-ascorbic
acid being 9.79 : 1 : 3 with the PBP concentration of 5.4 mg-mL"!, and the system was reacted at 24°C for 2.7 h. The resultant PBP-
SeNPs showed a particle size of (126.400 + 6.402) nm, a PDI of (0.197 + 0.021), a { potential of (—8.17 + 0.35) mV, with ta selenium

content of 1.2% and a drug loading content of 55.0%. Transmission electron microscopy (TEM) showed that PBP-SeNPs were uniform
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spherical. PBP-SeNPs were stable in normal saline, PBS, 5% glucose solution or plasma with no significant particle size enlargement

within 12 h, and remained stable at room temperature for 15 days as well. In MTT assay, PBP-SeNPs demonstrated significantly
stronger growth inhibition against 4T1 cells than free PBP (ICso, 62.64 vs 189.10 pg-mL™). In the in vivo study, PBP-SeNPs exhibited
higher tumor inhibition rate over doxorubicin injections ( 68.3% vs 33.6%, P < 0.05) and PBP solution (68.3% vs 49.7%, P < 0.05),
without inducing obvious body weight loss or organ index alterations (P > 0.05). Conclusion PBP-SeNPs with good stability were

successfully prepared and significantly improved their anti-tumor activity in vitro and in vivo compared with PBP solution.

Key words: Pleione bulbocodioides (Franch.) Rolfe; glucomannan; nanoparticle; anti-tumor; improve treatment effect
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PTIPIRAE F 5l R % 50y, anH EE0E 1) BT
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RIFRENME. W0 T3 8 MR LR s S5
LG, ARG S AR, SR, AR 2
BRI AR, ER] DA b 78 2 2 22 H 1Y, Al =5
MR Z Ve ElIRAE, 8552+ 5.

AT P DU A S AC BRI 45 PBP 1Y)

AARRE, AEPRUENARIAS EVE R, 35 77 AR
W& KABUAMRRIE R EAREES (NaySeO3), fE
PBP ¥ I AZ IBci 26 L 25 2 ] H 2 -l g oK
Ki (PBP-SeNPs) X H AT A ARAL, L5651k
PSR S GRS, 3R E N R TR RS 2 B
TG TERIERFHER, 29 PBP-SeNPs 1Ay /ieg il 7]
RIT R N RS 5%

1 #H
1.1 {5

Zetasizer Nano-ZS R4 K R AF AL AT 43, 3
E RSB A TR A ] JEM-1400 80KV #43% 5
B (TEMD, HACHL 7#24k; Alpha2-
4LD plus BB VRT ML, 8E Christ A7)
Tecan infinite M200 Pro %Y £ I Relg bR, ¥t
Tecan A &5 AL204 HLF K, IR #)-FLH4X
BAMRAT; DL-CI2ND AL T/EG, b
SURBB RS IS A TR A7) ; NexION 300D H
SR G SE B TR, 32 Perkin Elmer 2 & ;
Nicolet 6700 {8 48 21 48 4%, 32 [H Nicolet
ANl Cary RAM-FT WL (UV-Vis) 06, %
Agilent A 7] .
1.2 RAFIS5HR

PBP (Jii B0 40=90%), 2RI EFL 254
WFFE AT 2= D iR 20 $2 s NaxSeOs (175 2332679),
Pk LR SGARAF: KR (kS
BC4635), At HZRERHEA R Aw; fad g (52
516000044 0.25%J#HE (525 25200056) %
R IR G (185 15140122), [ Gibco 2
7], RPMI - 1640( 55 C22400500BT), 3£ [E Thermo
Fisher Scientific A ] o
1.3 ZN49FIZaAE

Balb/c /MR, MEVE, fRIE 16~20 g, HIbE
YEim e A F AL, SPF 2%, W AIIES SLXD-
20240610011 SPF 2%, SD K i, M, /A & 200~
400 g, HAbRHETDIAR A RI$EMHE, AAES SLXD-
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25 AW 7T T IMPLAD & BEZ% (3 24k vt (Hbitk =
SLXD-20240610011 #1 SLXD-20240517006) .
2 FESH#R
2.1 PBP-SeNPs Bl

F:T Zhang ZEROURIE 4K L 2 S 4E 4T PBP-
SeNPs [¥iill 4 o FEHiFRE &1 PBP 8T L E T
IR A 8 LA IR FEBR L 1) PBP 23 HUA R o [RIS 50 5K
SEFRETIR MR A NaxSeOs FH 25 851 /K L il AT
1% PBP 5 NaySeO; Fist HI 5 & L, K F NaxSeOs
FUAMER S PBP LA 1 2 2 & 4 AR TIR S
AN EE N AN RIS [A]f5 S SO DA 25 B /K0
B 48 h (EEIAEXS 7> Tl & 8 X 103~1.4X 104, £ 12
NI R 1 UGBTI B 255R B 1 NaxSeOs IR
MR, HEHT NI T-EI1S PBP-SeNPs.
22 N, ZHEFEE (PDD) RCHEAIRNE

W) 2% UF O oK RV W, T 3 A& e B
(DLS) WJEIE, F|FH Zetasizer Nano - ZS B /R 3CHi
BHALHA, RillERifE. PDI K& € ®A, &4
FEAH IR 5E 3 K.
23 BERIWER

PLKIAR . £ Ba3 (PDD K CRAL NIRRT EFR,
M Na;SeOs 5 PBP AFfEL (1:5. 1:10, 1
15.1 200 ANF PBP A& (1.3.5.10mg-mL "),
ANFRNIE (1. 24 3 4h) ANFERMIRE (25,
35.45.55 “CH4ANJFHN;“2.17 i K % PBP-SeNPs
b T2 T R R 52
23.1 NaySeO; 5PBPJEILEL  KMWIREEE25C.
PBP Jfi ikl 5 mg-mL™"\ e MIHAA 2 h, % 0892.17
TR 79243 A NaxSeOs 5 PBP JlE 3708 1 -
5. 10104 10150120 BI4PF Tl % PBP-SeNPs,
Hi# 1 741, NaSeOs; 5 PBP (i st Ay 1 ¢ 10 i,
PBP-SeNPs Hikifdae/N, (R 4axf i, PDI A
BN, WUEPE NaxSeO; 5 PBP Jli& L 10 10 #H4T)E
2.3.2 PBP IREHEL fERMNIREN 25C. kM
i A4 2 hy Na»SeOs; 5 PBP Fifth v 11 10 A%
PEF, 4% “2.17 TUF J7:4 BILE PBP LR IKE A
1. 3. 5. 10 mg-mL~' {4~ il % PBP-SeNPs, &%
RNz 2, PBP JIEIKE N Smg-mL B, ZKHE
FEIRLAZ AN PDI 570, C HLASE 68 6 % i » #0i% 4% PBP
FUEIRE N 5 mg-mL " #E4T 5 2520 .

1 NaSeOs 5 PBP RELLHIFM (X L5, n=3)
Table 1 Effect of reaction mass ratio of Na:SeOs to PBP

(X £s,n=3)

L FiAzinm PDI CHLAZIMV
1:5 36130156 0.3814+0.021 -5.76+0.01
1:10 138504011 0.23240.043 —8.65+0.15
1:15 156.2040.13 0.2184+0.013 —6.71+0.12
1:20 276.10+0.14 0.315+0.057 -7.13+0.14

=2 PBP RERENENE (X £s,n=3)

Table 2 Effect of PBP concentrations ( X *s,n=23)

PBP Jii &

WL Hif/nm PDI CHLAZ/MV
(mg-mL™)

1 258.50+0.35 0.278+0.019 -7.18+0.11

3 274.10+046 0.251+0.017 -6.37+0.15

5 153.10+0.12 0.213+0.014 -9.31+0.18

10 285.10+0.74 0.237+0.015 -8.17+0.13

233 RMNISEFEE  ERMIREN 25°C, PBP

BN 5 mg-mL !, NaySeO; fil PBP Jfi & Lt Ky
1210 IYSRAFTN, 2 “2.17 BUR L5l OB 1
2. 3. 4h 4% PBP-SeNPs. HI% 3 a[%n, CHAZBE
SR TR K SSER TE] A 2 i, 4Rk
RIAE A PDI o/, SREEIEKI AR ST,

PN I ] 2 h AT S 4505 .

*3 AERRNATERFEE (X £s, n=3)
Table 3 Effect of reaction time ( X *s, n =3)

I [a]/h k4% /nm PDI gHLAL/MV

1 203601428 0.219+0.031 -7.24+0.75

2 13850+6.40 0.212+0.041 -8.76+3.10

3 159.30+2.30  0.28640.031  —9.46+0.61

4 250.10+4.19  0.368+0.012 —8.75+0.31
234 RPGREES FERMTEDY 2 he PBP i

WREH 5 mgmL !, NaSeO; 5 PBP Ji&EH v 1 : 10
I, 4% “2.17 BURNJTEESAIE 25, 35, 45,
55 ‘C2ME N H% PBP-SeNPs, H# 4 Al%l, KRNI
FEN 25 C, GeRRiFRIEA PDI /)N, CHATZANHE
W, WORPRRNIRIE 25 CHbT IR 4525

R4 TERFBEMFM (X s, n=3)
Table 4 Effect of reaction temperature ( X s, n =3)

E/PC Fii2inm PDI CHLAL/IMV
25 168.304+5.07 0.185+0.031  —8.9540.03
35 205.102.06 0.31020.054 —7.24+0.32
45 306.101.78 0.28610.061 —8.43+0.54
55 328.60£0.27 0.3414+0.012 -9.76+0.02
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241 SERFRERITEER EREFEZENE
fiti I, F|H Design Expert 13 #f4, PLkife (YD) K

PR E, RN (XD RBETE (X2 PBP R
wWE (X3). NaxSeO; 5 PBP i &Lt (Xy) NEHZ
&, Wil BBD-RSM fifbibT7 T2, AAEREKF.

I TT R KA R 5.

% 5 Box-Behnken i{IEIT54ER (n=3)
Table S Experimental design and results of Box-Behnken (n = 3)

s Xd°C Xafh X X4 Yinm | %5  XJ°C  Xoh X X4 Y/nm
(mg-mL™) (mg-mL™)

1 20(-1) 3(1) 5 (0) 1:10(0) 1423 | 15 25 3 7 1:10 1487
2 2500 3 3(-1) 1:10 1521 | 16 25 2 7 1: 1739
3 25 1(-1) 7(1) 1:10 1532 | 17 25 1 5 1: 2372
4 25 2 (0) 7 1:12(1) 2019 | 18 25 3 5 1:12 1984
5 25 1 3 1:10 205.1 19 30 2 3 1:10 1604
6 25 3 5 1:8(-1) 1625 20 25 2 3 1:12 1916
7 30 (1) 3 5 1:10 144.7 21 25 1 5 1:12 186.2
8 30 2 5 1:12 205.2 22 20 2 3 1:10 180.8
9 30 2 7 1:10 155.5 23 20 2 5 1:8 198.8
10 30 1 5 1:10 164.6 24 20 1 5 1:10 1745
11 20 2 7 1:10 143.3 25 25 2 5 1:10 1296
12 25 2 3 1:8 230.3 26 25 2 5 1:10 1343
13 20 2 5 1:12 183.5 27 25 2 5 1:10 1276
14 30 2 5 1:8 201.1

242 FUEEMET RSN RIER 5 S HdE,

VA SR B RE: Y=2722.81—34.9165X—
226.639 X>+123.99 X; —316.846 X3+ 0.615 Xi1.X> +
0.791 X.X;+0.485 X1.Xa+6.062 5 XoX3+10.868 7
XoXa+4.168 7 XaX4+0.500 7 X2+ 14.481 7 X+
4445 1 X32+13.029 8 X4, R>=0.988 0, A p<
0.000 1 M HE BEM2 R MAH PEH=0.3303 T

BEMZES (P>0.05), B LAEEEEAATH
T PBP-SeNPs 4b 5 L2 5T, H 24 IL# 6,
R XM X5 1) P<0.000 1, X4t P<0.05, FZMAHLE
E, FAEBK, XPRARRISZIERERRT, B A R 20T
BAEIIFEIT N Xo>X3>Xa> X1 0 R IR 2 K
SRR, XX XX XoXas XaXaw Xi2o X2,
X2, X RREMZER (P<0.05. 0.0001) .

o6 [EIVMEBIFESH

Table 6 Analysis of variance of regression model
WH FHM HBE ¥E FE P TiH SErA HEE ¥y F1{a P1{a
AL 2289273 14 163519 64.80 <<0.0001 | X 767.50 1 76750 3042  0.0002
X1 5.95 1 595 023  0.6366 | X2 1094.18 1 109418 4336 <<0.0001
X2 2466.77 1 2466.77 97.76 <<0.0001 | Xs? 1548.46 1 154846 6137 <<0.0001
X3 1416.89 1 141689 56.15 <<0.0001 | X2 14 172.56 1 1417256 561.67 <<0.0001
Xa 114.39 1 11439 453 00467 | %= 27756 11 25.23
X1X2 37.82 1 3782 150 0.246 4 | ZHNI5 253.90 28.21 238 03303
X1X3 156.42 1 15642 620  0.030 0 | 4w 23.66 11.83
X1Xa 94.09 1 9409 373 00796 | B 2317029 25
X2X3 588.06 1 58806 2331  0.0005
X2Xs  1890.08 1 1890.08 7491 <0.0001
XaXa  1112.22 1 111222 4408 <0.0001
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SEAETN, RARBERE S NI [A] R K TN, Xo —5E
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N " 3.0 L N, e
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Xy/C Xa/h

~

30l 8

—EMISMET, RiARREE & H K SE e
WK, Xy — 2l , KRR Xs 3K ek JE 36 K
FRF RS, 0 E R
SEMROK o 43T e S T S 4625 5 R %l PBP-SeNPs f i
WTTHREFAT N RNERE 24°CL [RNETE] 2.7 hy
NaxSeO; 5 PBP [IFiE LA 11 9.79. PBP (&K
FEHN 5.4 mgmL™, FSFEARIAE N 12630 nm.

10 15 20 25 30°83 4 5 6
Xo/h X/ (mg mL?)

B 1 ZEHESWNEN=4EE

Fig.1 Three-dimensional plot of independent factors and response values

2.5 TZWiE

HRIEAL ST AT T 2R R PR E N 24°CL
MEFEA 2.7 he NaSeO; 5 PBP fIFigE A 1:
9.79. PBP [ &K AEH 5.4 mgmL ! (&M T,
#% 3 4l PBP-SeNPs, llEHift. PDI HCHAL. 4551
W 7, F¥IHRifE N 126.4nm, PDI K 0.197, 5
G TME FZIE , RSD A 3.9%, 156 B B 7 (1% 0 o
TS A) A5 B R, PO Mok

&7 PBP-SeNPs R HNKKIRIE (X x5, n=3)

Table 7 Preparation of optimal prescription nanoparticles
for PBP-SeNPs (X *s5,n=23)

HEIK Hifz/nm PDI ¢ LAz /mV
1 126.80+6.15  0.195+0.014  —9.34+0.51
2 135.50+£1.27  0.206+0.058  -8.72+0.35
3 116.90+£7.23  0.192+0.007  -8.74+0.56

2.6 PBP-SeNPs HUZAE

2.6.1 W& EMBLAENE WK Chen FE2NH)T;
%, B 5T PBP-SeNPs 75 WU K AR ER I /E T T
AT R AL B . BEJS,  F FE R & S B A

JEAC (ICP-MS) B E NS IFEN 1550 W, #
HAERREA 18 L'min!, SIS ERGE A
1.2 L'min™!, MPEMESPRRESE (WD,

Wi=CXVim
C AMFIFREIRE (mgmL™); VA (mL); m A PBP-
SeNPs % T HUFE BT (mg)

SR FH 2R Wy - B B 1200 5 22 BBV S, 4l bm
MiZk, MAMERLA Y=4.15X+0.049 9, R?=
0.997 5, £&MEVEREIN 31.25 pgrmL™'~1 mg-mL™',
FREL 10 mg PBP-SeNPs, M 50 mL 2 & -F/Kid R
HifiR, HL 1 mLPBP-SeNPs /K¥&, M 1 mL A&}
W (0.06 gmL™D), HJEMA SmLIKRGEKR, EH
PE57, 100°C F/KH 15min, 7E 490 nm YK A
WEE (4 fH, R ZHRERAE.

WEE=CXVIW
C NFrERMZE T PBP-SeNPs ZHHF EIRE (mgmL™); V
HIEFIARL (mL)s W RGERRIE TR SR (mg)

£ ICP-MS $ ARG, PBP-SeNPs HHifi 7o & 1
JREEN 1.2%. BFRER, 29K E &+
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A& EARE R R BN, KREZERE 5%~
20%, 1%ZESEEZWE . SRR & T
UL KA AR S TR R e 3031t Ak, Bl %
AR Z R LR 55%, B LU ALAE B
A A BT ) 4 TR 2 BB b, AU T 20T,
HHEA S EPY, HE R R ] 52 2 B (s K
X ek 5 B] )P B BRAE D, S 35 1 0 1 4K 2
(UNIEZTEY NG = A WAL
2.6.2 Fife. PDI HCHALRAE  HUHI & LF gk
KO, 4% “2.27 BURJENE, g5RwmEl 2 o
7~, PBP KIEWIMIRi42N (1389+336) nm, PDI
J90.811£0.222, FEpAGLE 3 NN, Uil H
K42 RN A7 Y 4 98 HANES — . PBP-SeNPs -3
Fi4E A~ (126.400+6.402)nm, PDI & 0.197+0.021,
CHALAN (=8.17£0.35) mV, FEAE 1 MEHENY
BI AT, B — A0, LB B AT . KR
VP PBP-SeNPs ik [ — AN H 2454514, PBP-
SeNPs [PPRLAREk /N, HoAs e YRR, AYiE AR
FH AR R vy 3Y, T Jie g v 7 R AR 48 K R [ R AR
7E 30~ 150 nm B¢l 25 53R B ] % 43 2] ¥ PBP-

SeNPs & & Ja ZE ) e it 72 .
A
oS S
1 10 100 1000 10 000
FifE/nm
B
1 10 100 1000 10 000

FLfE/nm

2 PBP (A) F1PBP-SeNPs (B) HIKIZ5# (n=3)
Fig. 2 Particle size distributions of PBP(A) and PBP-
SeNPs (B) (n=3)

2.6.3 PBP-SeNPs ] TEM M%< FREX PBP £l PBP-
SeNPs % 10mg, 7 liaT 10mL £&E 7K+, FH
FBE KRR 1 %453 0.5 mg-mL"! ¥ PBP 1 PBP-
SeNPs ¥##il. #HL 10 pL ] PBP 1 PBP-SeNPs i
F1 300 H M, = 10 min, FHIE4ART
NG EZ ARG, TN 8 UL 1) 2% R e B

t Smin, HAAET. W IL5 PBP #HLk, PBP-SeNPs
1 TEM R AT B, 2 E I A ERTE 4544
(K3,

s g Ay
T R, 'f..' ‘oo~

e “” “
' . ‘o

3 PBP (A) #1 PBP-SeNPs (B) HJ TEM
Fig.3 TEM photos of PBP (A) and PBP-SeNPs (B)

e |

2,64 EAMGIESHT FEEFREL PBP-SeNPs Al
PBP #% 10mg, 77T 10mL L& -F/K+, FH
KB FIKMRE2 4%, 7430 0.5 mg-mL ™' /] PBP-SeNPs
A PBP ¥il. KAEA-0T WA e THE 200~
800 nm P KA, LB T/K RS, MlE PBP /K
T VRFI PBP-SeNPs [1)45 #h-1] WL G HE o

W 4 frox, 5 PBP KIGWAHEL, PBP-SeNPs
7E 260 nm PRIT B IR IR0, I REAE I S AT
KA T ORAT A RBT38, R LR, 440
KA FIRIAZZ) 100 nm B, HAE 300 nm P TEEN
R ROU AL U

PBP-SeNps

PBP

200 300 400 500 600 700 800
WA /nm
4 PBP 0 PBP-SeNPs B9 551 -A] I 255 KA T
Fig. 4 UV-Vis spectra of PBP solution and PBP-SeNPs

2.6.5 ZLAMGIEEE (FT-IR) 04 F FT-TR X%} PBP
A1 PBP-SeNPs #475%f Lt % %¢. FREL 1 mg 45 PBP
F1 PBP-SeNPs #7055 150 mg {64 (KBr)
FERF R — R B OB R IR ), T a3
N AMEREAL, 7E 4000~400 cm™! FH5 R FREL L 4
HIZLAM61E, FH Origin 2021 #AHE R 550 Hr .
HP 5 W0, PBP 7E 3358.1 e AL HIEH 1 F8 0
O-H [{#45RE5hI4%, PBP-SeNPs £ 3332.2. 2 888.2.
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