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Construction and bioactivity evaluation of hepatocyte growth factor-loaded poly (lactic-

co-glycolic acid) nanoparticles
XIAN Wenjiao, WANG Xue'er, ZHANG Lin

Department of Histology and Embryology, School of Basic Medical Sciences, Southern Medical University, Guangzhou 510515, China

Abstract: Objective To explore the optimum conditions for preparing poly(lactic-co-glycolic) acid (PLGA) nanoparticles and
evaluate the bioactivity of hepatocyte growth factor (HGF)-loaded PLGA nanoparticles. Methods Bovine serum albumin
(BSA)-loaded PLGA nanoparticles were prepared using a double emulsion-solvent evaporation method. The preparation
process of nanoparticles was optimized by orthogonal test with the particle size, encapsulation efficiency (EE), drug loading
(DD), and recovery as the indexes. HGF-loaded nanoparticles were then prepared under the optimized conditions. The EE, DD
and release characteristics of BSA-loaded nanoparticles and HGF-loaded nanoparticles were evaluated using a BCA kit and
HGF ELISA kit. The bioactivity of HGF-loaded nanoparticles was evaluated using CCK8 proliferation assay. Results The
HGF-loaded nanoparticles prepared under the optimized conditions had a uniform size with a mean diameter of 234.4+4.8 nm,
an EE of (77.75+3.04)% and a recovery rate of (49.33+9.34)%. The in vitro release curve highlighted an initial burst drug release
followed by sustained release from the nanoparticles. HGF-loaded nanoparticles obviously promoted the proliferation of
Hacat keratinocytes in wvitro. Conclusion HGF-loaded nanoparticles prepared using double emulsion-solvent evaporation
method under optimized conditions possesses a high EE with a good sustained drug release profile and a good bioactivity.

Keywords: poly (lactic-co-glycolic acid); nanoparticles; orthogonal test; hepatocyte growth factor
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Tab.1 Factors and levels of orthogonal tests

Factors

Levels PVA concentration PLGA dosage Ultrasonic power Empty

(%) (mg) (W) column
1 0.5 25 40
2 1 50 55
3 3 100 70

1.4 PLGA #h R4y i 2330
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Tab.2 Test results on average particle size, encapsulation efficiency, drug loading rate and recovery rate

Preparation parameters

Observation index

TSP pya Cong’)ntraﬁ"“ PLGA dosage (mg) [;gifesf‘(l\‘f,) v mﬁzesrig:(nm) EE (%) DD (%) RE (%)
1 0.5 25 40 1 296.9 5315 413 60.78
2 0.5 50 55 2 3195 80.77 197 5229
3 0.5 100 70 3 299.1 9353 096 2445
4 1 25 55 3 273.0 5772 811 3048
5 1 50 70 1 261.5 7052 340 5925
6 1 100 40 2 376.6 9160 124 2688
7 3 25 70 2 2712 6080 865  50.50
8 3 50 40 3 273.1 7754 452 3107
9 3 100 55 1 491.0 83.64 174 3094
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X IEACIRIE I SR T T 22500, Nk 3 i
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Tab.3 Variance analysis of the average particle size

PLGA H X BSA 9 Akt B R A 2y A gei 24
H L (P<0.05), Uil PLGA HI i mi i R fnak 2l i
ICHERN K, MR 6 i1, PLGA & PVA KT
FHIRST RICE B Gii 40 L (P<0.05) , Ui =448
SRR EISCR 1 SRR K

Source of variance Type III sum of squares df value Mean square F P
PVA concentration 2114.890 2 1057.445 11.494 0.039
PLGA dosage 35928.120 2 17964.060 8.150 0.061
Ultrasonic power 22734.063 2 11367.032 2.268 0.251
P<0.05, the difference was statistically significant, the same below.
x4 BEHENHFESNER
Tab.4 Variance analysis of encapsulation efficiency of the nanoparticles
Source of variance Type III sum of squares df value Mean square F P
PVA concentration 563.117 2 281.558 4.643 0.121
PLGA dosage 1414.069 2 707.034 121.058 0.001
Ultrasonic power 424.612 2 212.306 4.240 0.134
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Tab.5 Variance analysis of drug loading rate of the nanoparticles

Source of variance Type III sum of squares df value Mean square F P
PVA concentration 0.002 2 0.001 1.812 0.305
PLGA dosage 0.005 2 0.003 99.040 0.002
Ultrasonic power 0.002 2 0.001 1.901 0.293
Fo DR FEDNER

Tab.6 Variance analysis ofrecovery

Source of variance Type III sum of squares df value Mean square F P
PVA concentration 955.392 2 477.696 33.697 0.009
PLGA dosage 1203.219 2 601.610 22.557 0.016
Ultrasonic power 838.512 2 419.256 26.667 0.012
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Tab.7 Range analysis of the average size, encapsulation efficiency, drug loading rate and recovery rate of the nanoparticles

Preparation parameters

A PVA concentration B PLGA C Ultrasonic Primary order Optimal level Optimal group
(%) Dosage (mg) power (W)
K1 305.17 280.37 315.53
K2 303.70 284.70 361.17
K3 345.10 388.90 277.27
R (average particle) 41.40 108.53 83.90 B>C>A A2BI1C3 A2B1C3
R1 75.82 57.22 74.09
R2 73.28 76.28 74.04
R3 73.99 89.59 74.95
R (EE) 2.54 32.36 0.91 B>A>C AIB3C3 A1B3C3
S1 235 6.96 3.30
S2 425 3.30 3.94
S3 4.97 1.31 434
R (DD) 2.62 5.65 1.04 B>A>C A3BI1C3 A3BI1C3
Q1 45.84 47.25 39.58
Q2 38.87 47.54 37.90
Q3 37.50 27.42 44.73
R (Recovery) 8.34 20.11 6.83 B>A>C A1B2C3 A1B2C3
Total optimal group A2B1C3

K: Average of the test results of particle size at the same levels of all factors; R: Average of test the results of encapsulation efficiency at the
same levels of all factors; S: Average of the test results of drug loading at the same level of all factors; Q: Average of the test results of recov-

ery at the same level of all factors.

Bl HGF gRKIAE SRR
Fig.1 Transmission electron microscope images of HGF-loaded nanoparticles (A:
x10 000, B: x20 000).

TR B REABOR , FH B, A N> (3) PVA HBE A
A DA PR KL IR AT BN R . 7EN
KA e R RIS PR AN U vk P 2
KT BRI E AR AN Al A . PVATREEA
A, AT RES I GORFLIN & Il Mo i, DA R
it SRR A DR/, B AR IR
KN ALK FLIR S 20 BT , SRS 5 IF

By, BRI ISR, AR 22 5 PR 2GR
A PVA HRE 7 1%, PLGA JHH M 25 mg, #i
YA 70 Wo

i — 20 AR AR A5 & HGF 440K
L IR R RE ST . IRSMREIUE Ih2R B7R , HGF 1)
R R B, SRS RS B R J R T2 By
Bto 7E6 hit ,HGF 4k A BSA 9Kk ERVREICH



A

10 100
Size (d.nm)

E2 HGFRBIRIE D T EI(A)FA Zeta EBALE (B)

1000 10000

Total counts

400 000 T
300 000 1
200 000 1

100 000 1

0

-200 -100 0 100 200

Zeta potential (mV)

Fig.2 Size distribution of HGF nanoparticles (A) and Zeta potential of HGF nanoparticle (B).
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Fig.3 Cumulative release curves of drug loaded
nanoparticles in vitro.
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Fig4 The effect of HGF nanoparticles on the
proliferation of HaCaT cells was detected by Cell
Counting Kit-8 (n=6) (**P<0.01/*P<0.5 vs Control,
#¥P<0.01 vs HGF Solution, ““P<0.01/“P<0.5 vs BSA
nanoparticles).
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