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Abstract: Oleanolic acid (OA) and betulinic acid (BA) are common bioactive substances in various fruits and
vegetables. In this study, pure natural OA-BA nanoparticles (NPs) were prepared using OA and BA as raw materials through

a supramolecular assembly strategy. The microstructure, hydrophilicity-hydrophobicity balance, particle size distribution,
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and sustained release capability of OA-BA NPs were characterized. The protective effect of OA-BA NPs on the inflammatory
response induced by lipopolysaccharide (LPS) in RAW264.7 cells was clarified, as well as its protective effect on LPS-
induced acute lung injury in ICR mice. The results indicated that OA-BA NPs exhibited a sickle-shaped structure, a water
contact angle of 36.6°, a hydrophilic diameter of approximately 360 nm, and an accumulated release of approximately 80% in
a pH 7.4 medium over 48 hours. /n vitro experiments demonstrated that treatment with OA-BA NPs significantly reduced the
expression of cytokines TNF-a and IL-6 and significantly increased the expression of IL-10. Tail intravenous injection of OA-
BA NPs effectively reduced LPS-induced acute lung injury in mice. Compared with the model group, the expression of p-PI3K,
p-PDK1, p-AKT, and p-GSK-3/ proteins in lung tissues of the OA-BA NPs treatment group significantly decreased. In
conclusion, OA-BA NPs exhibit favorable dispersion, stability, and sustained release properties. They demonstrate the ability
to modulate the LPS-induced release of inflammatory factors and effectively ameliorate LPS-induced inflammatory lung
injury. The underlying mechanism is potentially associated with the activation of the PI3K/AKT/GSK-3/ signaling pathway.
The successful development of this nanopreparation presents a novel approach for managing sepsis-induced inflammatory
injury in early clinical intervention.
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Fig.1 Microscopic morphology and hydrophobicity test of different nanoparticles
E:a A OA.BALF LMK, bIRA A OA. BA = OA-BA NPs 9 SEM B4, ¢ 4 OA #= BA 2245 OA-BANPs #93%/k /.

2.2 OA-BA NPsHE b 4 I & 4F

OA-BA NPs [ ¥ 48 73 A Je 3% 1H1 HE A 45 S 0
K 2a flr7s, OA NPs fil BA NPs “F- 135 /K 1% B 4% 9
W1%9 320 nm A1 710 nm, PDI 454 0.156 1 0.576,
OA-BA NPs P #4557k P H 4247 360 nm, PDI 4 0.403
E— 20 R H Image) B 4b B A0 73 #1144 %) SEM &
%4 OA-BANPs V¥ FE A TINE, 2554 55 nm.
I HE 7 22 WY, NPs ki 42 7€/ F 300 nm Ny B,

4

b BRI 2 Ak, IR e kA S 4 ks
OA NPs. BA NPs 1 OA-BA NPs vE & T /N AR A,
TN FOIRAS, 45 RIE 5 BA NPs 3 H eI &
ey DSBS, HRHR WAL 7R
o 1XF ] BA NPs M FH A2 2| R, AREAE AN
K i) 57038 i B2 # Bk VA 9T, OA-BA NPs gt 4 J&
BA ¥ 8% F B . NPs [ 3% TH H 47 9 5@ &5 1 2oR
(1 2b), OA NPs K[HIHMm£] -7.0+0.5, BANPs K




MK EBBHT

Modern Food Science and Technology

H fif £ -3.840.7, OA-BA NPs 35 [ HL fif 2] -2.7£04,
BRI, BETCHROED, e s R R
THI FELART 1) NPs B0 5/ If1L375 25 1 W PR RE I -3 1,
F HAE B AR S B O Tt s A . ik
— BRI KN AV FRRR, lE T OA-BA NPs
T & A [F) e gk B 8] S5 URLAR e A I L, 45 R
7~ (B 2c), OA-BANPs 7E 4 Ji R ILH B4 (1) 5
PEAIRRE . B fe ol o AR S MR ML S5 5t (pHL fE
74) M AEEEARRRYE (pHE 5.5) WEE, HHriF
fir 7 OA-BA NPs M SRR BRI« S5 SR ] 2d P
7N, 37 CF, OA-BANPs 7 pH 18 7.4 /)i ' 48 h
BB UR 2 BRI 80%, pHAE 5.5 A fFd, 48h
FUPRB BT SRR 60%, RKILH K2R
BTSRRI o MRIEIRATZ BT A S HEN, OA-BA NPs
S IR YEPR A AR E R, W RE R RN NPs %
T 5 B7 EELAT 0 TR IR 2

a 25t
20
~BANPs
X 15¢
E%(
=10
OA NPs—, _~OA-BA NPs
5L
0 L PR | P ) L PR |
10 100 1000 10 000
RifE AR/ / nm
b 21 51
0 OA NPs BA NPs OA-BA NPs
>
g -
E l
w
s
Q
N
=l
#®
-8tL
Cc 500
450
E 400t ; *
~ \
z 350 T~y
M
;"; 300 -
250 1
200 1 Il 1 Il 1 Il 1
0 5 10 15 20 25 30
I/ d

2025, Vol.41, No.5
d 100-
80+
°
‘;% 40 + ] T \pH{E 55
20}
0 1 1 1 1 1 1
0 8 16 24 32 40 48

I 1) / h
[ 2 gk B IR LRI SRAE
Fig.2 Characterization of the physical and chemical
properties of nanoparticles
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Fig.5 Analysis of PI3K/AKT/GSK-3f signaling
pathway-related proteins in lung tissue by OA-BA NPs
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