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Preparation and in vitro evaluation of folic acid-albumin nanoparticles co-loaded
with paclitaxel and nanosilver
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Abstract: Objective Paclitaxel and nanosilver were co-encapsulated into folic acid-albumin nanoparticles to increase the toxicity and
uptake of the drug and improve the targeting ability of tumor that highly expressed folic acid (Fa) receptor. Methods The mean Fa
binding number of bovine serum albumin (BSA) was determined by ultraviolet absorption method. The nanoparticles were prepared
through self-assemble method and then its shape, partical size, Zeta potential, and encapsulation efficiency were characterized with
the dynamic light scattering (DLS) and transmission electron microscope (TEM). In addition, the cellular uptake of nanoparticles and
the in vitro anti-tumor effect of drug-loaded nanoparticles were investigated on the KB cells model of oral epithelial carcinoma.
Results Ultraviolet absorption results showed that the average Fa binding number of Fa-BSA was 11. The nanoparticles were discrete
and uniform spheres with the average size of (98.20 + 3.58) nm and Zeta potential of (—39.90 = 1.98) mV. Cellular uptake experiments
showed that folate-modified albumin nanoparticles were more easily taken up by KB cells. Cytotoxicity and apoptosis assay indicated
that the modification of folic acid and co-loaded nanosilver could increase the inhibition of tumor cell proliferation and promote KB
cells apoptosis. Conclusion The prepared nanoparticles have small particle size and high encapsulation efficiency, which can enhance
the ability of the nanoparticles to be uptaken and the toxicity of the drug-loaded nanoparticles against tumor cells.
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M52 1, DR 3 FH 1 22 R okt i il 450, Lk,
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A ZIRFE B a- FHy-FR A FAT B 1) SN 1
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TE25E R AR Fa, @i Fa 55 Fa 2RI M-
ZARGESVER, RGN RS S b LR ) e 4 i
RERSHE R KL bR S g 1, AT 38 5 L e
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W (PTX) &MWL G R 7 B 42
BRI R AR VAR AR =4 — s A s i &, 7
IR EC&T Z H TR 059 kB0 Rt
HVAIFI), Gk (AgNP) 2R 48K A ) &
TR R BT, HRIARYEHIAE 10~100 nm.
AgNP O 2T, BF. I REmEZ
M. PEIRIE, AgNP AT H#HAH
SR MR BT SR ZL A I AR U, R R
AR A Y, U R AR N Ah s
KR8] AEse!, Rk, A9 IR RIE Fa
AR D i KB 40 fE R g pe, A
FEFEFE HNE, B Fa (BRI E A (BSA)
b, FECAHAE N EAARIRN PTX AT AgNP, MK 24
WIEE R IR BRI AL, S R AR K
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1.1 K5

BSA (Jli&E 7% 96%, #'5 A116563). = (2-
PREE L) BEEER . (TCEP). 1-3- W& K
H)-3-Z M WA (EDC). N-FRFEBEHME

W% (NHS) AIFE -6 (JRESE>98%, fit's
C100929), _Figfh T AMEH A AR A F]; Fa
(iR H=97%, #t'5 67000834). FHERELAN 4-—
FH S e (DMAP), [F 2448 4k 24185745 PR A
PTX (#it'5 N1005A, FiE/4>99%), KiEFEL
VARG IR AT ; Hoechst 33342, b5 14533,
ez EAEMER R AR R4 mE (FBS), it
5 A37F00H, 2 [H Invitrogen A &) ; HHEXL (PS)-
JEEE AIRG-EDTA % dEULTRER (NEAA) Fl
TR ER R (PBS), &M Corning AH]; PYHIAE
BEMEEE (MTT), 3€E Sigma-Aldrich A #]; itk
WRE (PD, iR T 4R R A TR A ] 3
fihi BRI A b at, BRI A F .
1.2 YE5

Malvern Nano-ZS 06K T Zeta BN EAY,
JE[E Malvern AF]; IKA FEARTIRE 1 HiPEes, [
IKA A ; WX HISS0R & 3wyl vk & oL, 8
FE WA SE IR BT KA PR AR BS224S HLTFK-F,
LR Z R R A AR A7), JEM-2100F 200
kV S REES BT BEE, HABRFHRASH: &
Reira e, LEZERRBHARAR; fEHKR
HEE, LB TREEARAF; Heraeus BB15 —
S RIEFEHE, £ E Thermo Fisher Scientific A& ;
I8 RS, B XEE/]; Infinitie 200 BEbR
X, Hid: Tecan Aa]; FIEWHRMEE, EE Leica
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N bR rk KB 40, T E @R 2
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2.1 Fa-BSA H9& AR

Fa 1211 () EAR REE 2 S 4K KL XS Fa S2AARH
96 A R P BE 3B 1k e 7, AR AR 7 iR HEA T
#1201 FRHL 50 mg Fa. 300 mg EDC 300 mg NHS
A5 mg DMAP, JIA 5 mL [FJE/K — H & EHR
(DMSO) H, FFTE 55 CHBEEHFE 2 h #7751k .
SR K 40 mg BSA W f#E] 10 mL Tris 2P+,
W 3R R SOBOR N E] BSA W, SR80 e N i
Wo Gt BRDIR, RBEHUMNENTE (B
X R E 14 0000 #HATENT, S 10 mmol/L 1)
RSN IATUENT 48 h, 2 R4 /KENT 12h, &%
5 4 CIRAF.

BSA &) Fa HUEiE & AMNESHTIE o
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FE a5 BCH 0.2 mg/mL [ Fa ¥ GA74 0.1 mol/L
IBRBRENZZ D B FE AT . L — R 517
IR IR AT, o ArdEfi . B 0.1
mol/L BRIRENIEBCKFE B B A G IR, T
366 nm I EHLEIEE (4D 1H, Rt
T Fa PRI . BEATEIRE (ppsa) fHH
BCA V£5E . #¢J5 BSA HI°F3) Fa (BB (m) %
ARHAT

m=Mpsp X Cra/Prsa
m ¥ BSA 1) Fa fBIKEL, Mpsa N BSA BRI, Cp,
JIVEIN Fa (KEE, ppsa NTERIA BSA A5 R L
2.2 KRR E FNRAE

K FH e R LR R i AgNPRYL
1.5 mg MIFFER =4R1 1 mg FIRSRRER A T 40 mL
FRAKH, FEVKIG R B RR &350, Z 58 1.2 mL
0.1 mol/mL M EAEAZHT R B FIRVEHH . RN
FERE, ERFE R A AR T, R D A AR
Pl v B S R ORAT 2% FH o 85 F 400 pL R ER Fh
WM 8 mL HH & AR (2.5 mg/mL), Ff
£ 75 “CKH R HEFE 5 min, B A K 800 pL WY ERER A
W (10 mg/mL) ZEM23 hn 3 L3R N B 10
min, £ 0.22 um JEMEE, M.

AT TR F B B 9Kk Selie ] 8 mL
FIEE AW (BSA Bi# Fa-BSA, FimiKEAN S
mg/mL), I\ 120 pL Tris £ A1 200 pL ) TCEP
VW (32 mg/mL), JBAHIE . FEHEH 10 mg/mL
1) PTX % (DMSO A, HEUJeBC | i) PTX
VT 400 pL (F53E# AgNP, WIZEIIN PTX J& 7B
FION 5 mL S 471 AgNP, BT ED A
FIRREAEWT, FELL 1200 t/min FIFEE B 2
he RGN RGAT VKR, HAKENT 1h,
£ 0.22 pm JEFENL S, 7£4 'CH, LA 8000 r/min
(L B0 20 min, WCAEDTIE AN SRR 2K
HE, HISMPERRRIR . Zeta AL AW HL
HFe% (polydispersity index, PDI) i HBh A6
SHAREAT o #r, TEASTEE S B T T M.
HPLC {3l PTX fIaE ), ik BCA
PAED, SR T, SRR
ZyiE (DL) FER (EE).

DL=VCprx/mnp

EE=VCprx/miotal
Cprx JIEIH PTX FITEGRIE, VNIRRT, mye 9K
RIS, mygw 9 PTX HHRZ &

2.3 4HREIREN

A FEE N 70%~80%M KB 4HfE, WL
WE R BT VR B, DA 3 X 10YFLI S A T 12
LR, fFL 1 mL #5985, B TREFEMAP IR,
YNy EE . K HEREF T -6 (& kg2
YURRLH 8 T7E, Rk PTX IR A S35 -6
W, HRAE, IANEER-6 IR R E N A
EER 171000 FIgRR R 26 0R:, (& 556
(22 BB S N 50 ng/mL, ARJEZ-5100 1 mL _Eik
PR VAN KR HURNAR L LA . BT 55 7740 7
B4 hja, MMAFERTECHILFHT Hoechst 33342 (1@
1000), ZE4EWEHE 30 min. FEREREIRI, FHTRA M
PBS ¥tk 3 Ik, f&JatEfLIn 300 uL PBS 220, T
15 B 6 B N T e g I .
2.4 YHREEM

KA MTT 35D &% KB 4 M 1) 24 f 25
M. BLEEAL 1X10° 4> KB 4ifdEfh 3] 96 FLI L,
TERRFRAET G IR 24 h Jo, WRZH3R 5L, 3 BT
Jfes FH 55 77 B I ) 4 ) A TR ol Ik RS S 1Y) PTX A
#H PTX MIZKRIAM 100 uL, BBEREHE, &
T 37 C. 5% CO, ZMMui =4+, Wa 48h; s
¥ LR Zyisrds, ML 20 pL FUOGEAFR S
mg/mL MTT W, 48834537 4 h, WFH MTT K
SRIGEFFLIIA 100 pL DMSO VA fif A B 45 € 45
FFABE CMITT V25 ARG 0 38R A 3 400 P 2 A v F B 3
% i S BE A AN MTT 38 JE /K AN T e 5 4
g R BORUURRE AN R, T AE4n L Te e D) Re,
i FH DMSO 45 i A2 B WS, AR B bR A R4 T
€D, BT ASERIRZA F, 150 t/min {K#7E
% 10 min; 94 J5 FERFRXAE 490/570 nm P il &
A8, BEMiHESAN KB NS, A d
ST 96 FLEIN 100 uL DMSO ¥ 57, X HEZ
S NEE IR IR IEH A 2

I =1—(4 wn—A 2e)/(4 5u—A »1)

7t Graphped prism 7 #Afr,  DLANRl A
ALK, DL PTX H 5T & B R BUE A bR, 22
HILN BN 22k, N logistic HERILA B
A, HEAEEANHEIREE (ICs0).
2.5 ZARAT

W Ab T BUE KR KB 40l t, ARG
PL 1 X 10 /FLI 3 B R T 12 FLAREE i, BT
BiFEAE, 4kERWE 12 ho ARSI PTX. #
PTX Mgkl (Horb PTX (IR B 5 pg/mL, £
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FREFR 1mL, BETRFETIHE 48h, FEK
FREE, FALIN 1 mL G L TR A 7
(Hoechst il PD, JF7E 37 CZ&AF T HE 30 min, %4
JEF R ARG, A PBS BEIETE 3 K, s AN
200 puL PBS. K5 & 20 BB L5 KB 41 i
T HRIAH RFAIE o
3 #R
3.1 Fa-BSA BIKIE

VERFIRIZIEANR, BSA BA RIFHIAEYIAH
BHEANFEE AR MR, 7 BSA IR SERH AL,
, B Z AR R R, X BSA A KE
(PR FETR AL, X L G TR I AT 1 S AT A,
AL AR 7 OB A R A B ], AR SEEGiE
o Fa MRS BSA MZERMN, I H
Fa-BSA. SAMRSGEN €135 Fa £ BSA EHEL
o 11 A FEBHFGIES, K51 B Fa fBEX
HH 3 B, Fa SiAedem K18 Fa ZARBHTE
YA . 1024 Fa BECEGE 10 B, Fa 121
HRAA AN B 40 e S I R S S ),
LA SIZ56 BT 1] 4% F) FA-BSA BETS IR I 3th 42 = 2590 1)
TR, EH TSR
3.2 HKRRKAFRAE

FHR €227 TR kG 9K, LAGKRLI
AR R A PN Fabs, MUK R 75 [ [
IR, BARIREERI 254K E 4 AN TT T IR R
B, B E KRR AR L 2 A D)2 300 W,
ABFERTIA] S min (B 3s, 15 25s), RAMRERE
5mg/mL, Zi¥)iEKE 0.5 mg/mL. KR
KA Zeta AL AT WA 1 Fiow, GKRL 25
PIERIR, I HORIAR KNS B0 28 G BURHE I H R 1A
fo B 1 H R 4 FKRLE] PDI /0T 0.3, 42
TN R AR AT LA — o A SIS AT 4% 1 40
KL BT, 1] Fa-BSA/PTX [[(—38.00+2.67)
mV ] Al Fa-BSA-AgNP/PTX [(-39.90+1.98) mV ]
) Zeta HLA7 5 BSA/PTX [(-30.20+1.34) mV ] Fl
BSA-AgNP/PTX [(—31.404+0.84) mV ] # LA Al

BSA/PTX
— Fa-BSA/PTX
——BSA-AgNP/PTX
——Fa-BSA-AgNP/PTX

A

1 10 100 1 000 10 000
i /mm
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Fa-BSA/PTX
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Fa-BSA-AgNP/PTX

-100 =50 0 50 100
Zeta HLf7/mV

1 Fa-BSA ZRKHIRIZSTE (A)s Zeta BAL (B) FNFE
®E (©)

Fig. 1 Size distribution (A), Zeta potential (B), and electron
photomicrograph (C) of Fa-BSA nanoparticles

TEE, KRN Fa B 2 MR, Frs i i
faf, 10 BSA IR s E I, A IR, P8
EAEAAEERSS . BSA AR 1 A Fa shaxiiin 2 /4
fHLAar, BITLA Fa B (1) 2 PPN KA Fa-BSA/PTX F
Fa-BSA-AgNP/PTX 73 B2 WA, HER 1 Af
BN, GRRIILE AgNP JFRE IR/, XATRES
BSA (Fa 121i[1] BSA) 58 AgNP 1A% 04743,
AgNP EEIRATRT R/NER . RG]
YKL ) B F RN B 2 R A S SR 2K
HILE AgNP JE9P KRR ZIRE I3 . Aok, &
S I E T Kkt PTX IELERAE 1), 5 80HE M

F1 FEHRRMIBUMR (X+s,n=3)

Table 1 Physiochemical characteristics of various nanoparticles (x £ s, n =3)

PIKHL hif%/mm PDI Zeta HLA7/mV EE/% DL/%
BSA/PTX 279.243.84 0.2040.01 -30.2+1.34 6.3410.28 7445+3.27
Fa-BSA/PTX 28294227 0.240.03 -38.042.67 6.700.32 75.261+2.94
BSA-AgNP/PTX 100.1£5.28 0.2440.01 -31.4+0.84 8.4540.18 86.53+4.26
Fa-BSA-AgNP/PTX 98.243.58 0.2240.04 -39.941.98 8.69+0.42 87.754+2.38
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12K A R G55 B A IS (ICP-MS) H 529K
KXt AgNP (G138 RS
3.3 ZHAEIZEN

AR I8 200 L P 3% £ 1 FH -5 e 400 kst
KL R AR DG . fEART T, {8 Fa 1210

e (%)

HFEHEE-6
2 KB A ARIEHETE -6 HKAAIREUER

Fig. 2 Cellular uptake of different coumarin-6 loaded nanoparticles on KB cells

KiAHLE, KB AN 50615 5 B W58, i8] Fa
&M e, ik 5 KB 4R T =Rk 11 Fa 2R &5 4
S EARAE T YK 4 15
3.4 YHREESM

MTT &5 R0 3, WFE PTX FI#521 PTX (44
KRLIRERE T Co AMMAIIGTE, EZAGPRRIH
HilHE 1 EIIR AR, {H PTX fE45 25 IR FEJE
M §E 0L — 20, X B ES PTX X KB 41
IR RE JI3 22, IX AT BE-S PTX 5 40 i PR AL HR X )
RORBHRA O, HABGPRRL 7T DA 325 PTX 1)
YU KB 4 EsE I EE /1. RIS 84 Graphpad
prism 7 X EAE AT GTH 0T, 15 B KR
ICso {f - BSA/PTX. Fa-BSA/PTX. BSA-AgNP/PTX.
Fa-BSA-AgNP/PTX i 1Cs 737179 2.437 0.0.934 6.,
0.712 9. 0.536 3 pg/mL. ¥ PTX fIK7E BSA 4k
FijE, 5 AgNP 33k, LLKAE BSA FRIMEIT Fa
J& . GIRKLZH IR ICso MRIKFEAG. XK W] BSA 9K
Fin] DL = PTX 43, 5 AgNP sk 5 it —
g T PTX Wi fhfe )1, Faf&ififs, w@idsziak-
Bl fALE 4 Fa-BSA-AgNP/PTX [f] ICso fE1X A BSA/
PTX 411 22%.
3.5 4HRAT

1T 6 ) T3 A 2 IR A P e AR T
LR AR 1 i AT T 2 73 A R 200 i R T 5 1 1D
A5, QAN B A% B [ 406 2 e B 0 ok BT

BSA, W#HFE T ER-6 & RAGIKRL, $2man it
YKk I . KB 4 i s LA 2,

BSA #KRI7E KB 40 9 H ISR ROG(E S, &
B BSA gifbin] MRt & & K-6 B4 it N
Y. TE Fa /&6 BSA 9Kki2H, 5 BSA 9K

Hoechst Merged (&)

80

(o)
S

HHILAFTEBE F1/%

IS
=)

*PTX
= BSA/PTX

- Fa-BSA/PTX
*BSA-AgNP/PTX

-+ Fa-BSA-AgNP/PTX

20

0.1 10
YR EIR IS (ngmL )

)
L

ek

ICso/(ngmL™")

—_
'l

|
N

L] L]
BSA/PTX Fa-BSA/PTX BSA-AgNP/ Fa-BSA-
PTX AgNP/PTX

AFZ4HE L T P<0.01
comparison among different groups: “P < 0.01
3 AR PTX #I5I3f KB 4AAEHIEM (n=6)
Fig. 3  Cytotoxity of free PTX and different PTX

nanoparticles against KB tumor cells (n = 6)
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(A, @it Hoechst 33342 Al PI et XUAric 40,
TSR R T4 A . WA 4 Fizs, PBS
Aoy IE A, 2R, JMERE, EE
Wi, JHFHTCA ARG, METEE PTX AW
(PTX. BSA/PTX. Fa-BSA/PTX. BSA-AgNP/PTX
A Fa-BSA-AgNP/PTX) Ab#H)5, BT A 4ifds AR5
4, AN 2 AR R IR LS M, PR 2
YIS T DNA S RE 2028800 . FTrE R
BUR A 5611 PLBHPELN MU, SR di s 24
YIRS B R A MR Y s B, JF HLAL k)
5T EMRIKIESR, X5 MTT 4R —%.

PBS

PTX

BSA/PTX

Fa-BSA/
PTX

BSA-AgNP/PTX|

Fa-BSA-AgNP/
PTX

- ‘BF CHHZD . Hoechst

4 g

TERHF B ThRe M KL, AgNP B JURR 14T
Jigg & M, L AR dE T P A N T B P O A 2R R
P R R, PRARZRRLAR IR I B 57 Sl s v, JF
Sl LRI I ThAE T R0, Ok AgNP 1R R
TETERIIEE R, BeS 40 i 3R T 2 1 3R 2R AH T AR
fie JE gy K R Wk & 40 B b . AgNP 7E

BSA-AgNP/PTX 1 Fa- BSA-AgNP/PTX iX 2 /Mith
ARG, MR HIBITAY), 1 HIERAE N
i 7 38 1 5 4 6 3R T R R A A G 0 40 i xg
YKL I B L o

Merged (&I

4 TREIHFIX KB AMCRATAIFAN FRR: 100 pm)
Fig.4 Apoptosis qualitative analysis of different PTX formulation against KB tumor cells (bar: 100 pm)
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RS E VEH 42 KB 4L % BSA Fil Fa f21f

BSA G (1 B 5 LA S AN 8] il 71 4% KB 4 il
TR, R e KB WA ] il 77 e £ Ui
BHET RO, (BEE BoR BRI BUE, JELEnT e
I R R A A B e, PRIt
# AgNP Fl Fa i&11)5 5 R % AgNP FIARAEIRL
HARZE AL o AR SEHG ) 2% 1 L4k PTX F1 AgNP )
Fa-BSA #KKi, FEIEMRSL Fa Z 1k IA M KB 41
i b2 gg 7 iR . RS AE TS . 5

Kz

i Fa gKRIZH AN B3R PTX 9K RigHAHLL, Fa

BN AR AN L%, AgNP 41 7] B 3 32 v 40 i 45
YKL ) RE RN by i ) 5 1, %25 Fa-BSA
YKL EAR N BRI IR L T 5%
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