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Construction and antibacterial evaluation of vancomycin-loaded

lignin self-assembled nano-drug delivery system
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[ Abstract] Objective; To construct a lignin-based self-assembled nanodrug delivery system loaded with
vancomycin and evaluate its in vitro antibacterial performance and biocompatibility. Methods: Vancomycin-loaded
lignin nanoparticles (NPs) were prepared via self-assembly. The particle size and morphology were characterized
using dynamic light scattering (DLS) and transmission electron microscopy (TEM) , while drug loading capacity,
encapsulation efficiency, and release profile were determined by mass spectrometry. Staphylococcus aureus was
used as a model strain to assess antibacterial activity via the microdilution broth method. The antibacterial mechanisms,
including biofilm disruption and membrane damage, were investigated through colony counting, crystal violet
staining, live/dead bacterial staining, and scanning electron microscopy (SEM). Biocompatibility was evaluated
using the CCK-8 assay on Hela cells. Results: Uniform lignin-vancomycin nanocomposites ( ~ 100 nm) were
successfully prepared. The NPs exhibited pH-responsive drug release, with faster release under weakly acidic

conditions ( pH =5.5). Antibacterial tests demonstrated effective biofilm destruction and bacterial membrane
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disruption. CCK-8 assays confirmed excellent biocompatibility, supporting potential in wvivo applications. Conclusion

The lignin-based self-assembled nanocarrier efficiently loads and sustains vancomycin release, enhances antibacterial

efficacy via membrane-targeting mechanisms, and shows favorable biosafety. This system provides a promising

strategy for treating bacterial infections.
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LS AJ DAAEA [F] ) [ 2 7 Va0 M (h R #h (B Rk i 1R
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¥y (self assembled nanocomposites, SANCs ) , £ 5 44
KER AR A2 K A 98 oK\ TR R4 0K oy S B
A RAFIY B AT L BeAh, LS TS i e
BUCRBR S5 1 s Rk 2 . T,
FEAR VH PR RSO & AR RT3 5 KT T30S
A= e A IE ST BB TR b B s — b g €8 T 4
20K 3 25 R W ——F 1T LS 119 [ 20 3% e 1 1t
VH B K E G R G (VH@ LS NPs) , il i £5
Hi1a Hsh & 68U (dynamic light scattering, DLS) |
% 0 B T I8 % 5% (transmission electron microscopy,
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it —Fh e Hom gtk 5 2 2 AL YUK T B

M5 FE

1 {LsE

HT7800 %Y i% S5} H - 1 i i . SU8600 7 47 4
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SO A IRE (S ATCC-29213 [ K i A R E
B B G B IR ) 5 75/ FE 4 3R ) & (L5 MAO361 -
2-May-24), K% £ CAEY R A BRA A ) ; 45 %
(L5 :IBHGP1S , |- i 22 v Ak A= A B By A BR 2
A PP EE A7 (& DAPL 5. A405260212,
AR RAEYHERAGRA ) ;He-la 41 1 (5 -
CL-0101, s E LA YR H A R AR ) 5 i 4 il
1 (465 . B3262156RP, 3 [F F8 Bk /A H] ) ; DMEM %
(53293468, L EFEI AR ) H-HH R
W (L5 WHAB25C251 , R i 8 A= W B8 A
FRZA ] ) 5 CCK8 K it 71 £ (it 5 : 25006K1018
F[E APExBIO /A #] ) ; P AR £F 4k 335 4% (L5
20231118, E MYM Biological Technology /A ] )

3 VHG@LS gukipyHl &

B LS % T pH =9 19 NaOH ¥ , B i v
JER 5 mg-mL ™ Y LS W, BT, 78S WP
T A AESZEL 1.5 mL - min " {16 2 3 X %
1 mg-mL™" ) VH /KIF W& TN E 3 mL L3k LS
VYD o A SR W s R AR & pH A, 4% i pH
R 22 7 B, S B I VH R N, I 4k 224
N6 h i 4 % 5 4, N 58 R, K TR A U T
4000 remin " #EH F B0 20 min LAWCSEDLTE, BE S
FH 2B TR 3 Wk DL R B AR RN I 8 41 4y, &8
R T ER AL F R RS VH@ LS 44K ki .

4 VH@LS 9K %1 RAE

SR DLS 3 52 44 K k7 0 K7 42 50 A5 B Zeta HL
P, BT FE G (no=3) 359 F O 4l K 7 B8 28 38 B0k
J&, F 25 CHaR & T 34700 sl 4 TEM £ R Xf
GBI 2 TH B A AT RAE ML
5 VH@LS 49X 4§ # 25 £ ( drug loading, DL ) 1
A1 %1 & ( encapsulation efficiency, EE ) il £

E VH@ LS 44K ki) EE 1 DL, R LT
Ji vk AR 37 IR i PATH 4 2 iy | mL VH@ LS
4 20 KK 5, e — 5 W28 10 000 1 min ™'
B0 S B T O O i B OVH i 5 —
RS UR TS, B DMSO 78 43 i f# LA { VH
SEARER, T VH g, AT, B 10wl
iV VP 1% 4 PP AR B 100 4% 0 IR AL BE R
SR FH 8 0 A 0 1% - 0 1% 16 F B2 R (HPLC-MS) il 2
VH ¥ S8, AR 4 00 2 45 54315 EE i DL 3B A X
mr.

_ YRR - B A Y E R

EE = W) B x 100%

2A5(1)
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DL

100%
6 VH@LS 44K 11925 4 1% i

KIS A5 M DF 98 VH@ LS 44 K ki 76 A [\
pH 500 T W25 BT R, BARERVE N T 6% 2 mL
VH@ LS /KIE R AR /3 F R 3.5 kDa (&M 48
T BRSBTS BT & A 30 mL BRI (pH 7. 4
i) PBS = pH 5.5 {5 AR 8 2% ti ) 1) 50 mL 2.0 4
o KERES E T 37 CHEEIRG K460, L 100
remin B UE AT RE SR IR W . AE TR IR A (O,
0.5.1.2.4.5.6.12.24 72 h) 4> SIHCEE 1 mL( [5] B4h
Fo A5 I S5 AR B A 5T ), R HPLC-MS il 7 4% fif
] m ) VH B, 315 RBURE R . Ay S 2
FEREC S N 04T, AL SE AT 3 WK
7T EEBEHREMNESR

FE TG TR R VE 00T, A K TR 422 ol A0 0k B 2 —
WA AT 1 mL TSB iR 5 35 v, B F 37 CHE
TR B F2 46 DL 220 remin ' FEHRE 3E 12 ~ 16 b,
WH B I BB 37 0 T W 10 100 B 9] s 1 2 5
TSB K Fe e Ak 2e % 15 9% 3 he SRHISE4M 40 ot0t
JE T W B MR B, B 600 nm Ab 12 Y BE (0D, ) fH
KF(0.5 £0.05) B2 k55 57, I 40 5 4 T X5 %%
AR 5 S S0 B 8 P O X A TR R AT A G
WESE , BT AT B4 38 76 A W 22 4 4 b 58 B D fl O G TR
F Yo
8 VH@LS 4K i) A5 i1 & iE
8.1 VH@LS #AXKNMERERMEEREMNE X
FH 96 FLAR B A% R 1 iR AT 25 W UM I 3, B
RIEAEINT AEJC A 96 FLAR 55 1 ~ 11 Z 4 fLJm
A 100 wL TSB ¥ A 35 5 5 55 1 51 A 100 wL ff
W25 ) W, 1 RS VA IR TR 20 5 ~ 6 IR, TR L
100 WL %8 255 2 31, A LR E E 255 10 51, )k
5510 513525 100 wL ¥ A W, i D8 45 FL IR IR IR FRL 82
100 WL, ZEubBh BERR BT , 45 91 25 W 2 0k B 43 5l
H76.4.3.2.1.6.0.8,0.4.0.2.0.1,0.05,0.025,
0.0125 mg-mL ™", BfiJ5, B FLAIA 100 wL 0D, fE
0.5 1 4 B 60 78 BR A PR (55 11 FIAE R B
SRR IR ) o MUl E 3 AR I, Wtk 2
MARE Y2 B REL . B 96 FLAR'E T 37 C
B A R E 16 hJ 35 P AR U 5% 4 1A AR KA
(A EBAETE A AR TR S T 58 1) , i
FHBGFR AL 2 630 nm bW Y B (0D, ) o K4 Ak 22
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o, BIHEXTRELL OD, (- KEIF OD, 1

s = GTHEAT I D, f x
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8.2 FMA/MENBEZY R FHEEITL
TEVFH AN [ 25 W) Xof <6 8 (0 7 2 BR T A K A1 400 1 34
FC BT TR O B A K (0D, =0.5) #Y 4H
FETE W, 53 0 5 25 1 6 B ((Control ) | VH 7K 35 W
LS /KR K VH@ LS G pL i i L 85 57 T 37 C %
JR 12 ho FEFREGRIT B & 20 T W AT 8 > 7 B S
Yoy An T TSB gV A 1,37 “CAE i 5 78 46 b ad
WG FR o H i T T B AR AL B 1 5% T AR A
AR AR O, T8 A L A e 0 A 5 0 R B T TR R
LB, LG T VH LS J VH@ LS 44 K kLY
AU R G M. SRge R E 3 4k H A S L
TR S R A5, B A 1A 2 e A= W) % A P 0 TR 4%
PR 581

8.3 MSMVEEMMARTEMLE RHAMA T
21 5% (scanning electron microscopy, SEM ) Wi 2% 4=
B (5 2 BK R TE S R AL B AR R R AR A AR L, B
PRS0 20 BR AN T < e B 0 Bl A K 0T 40 TR R TR R, &
PBS ZZ il (pH 7.4) Bk 3 Wm0 VH ¥ )
FI VH@ LS g K p4b BE 1.2 Fl 4 ho ARBESEIRS , or
BI04 (4 °C) 19 2. 5% I WS W IE € 4 b [ 8
Je B RE 22 PBS IR 3 W& bRk B 1 ) Bl S K
WFH 30% .50% 70% .80% .90% 1 100% £, B&
B K, BEAS e BE AL BR 15 min, KRR B T IR A S
TR T g Ak B A 3 A S A A R B U
5% 2 TR 2 THT R G 25 4 7 Ak, T 7 5 AT N 5 R
FIC B RERE o A 52 50 Y150 R Ak PR AT O ]
PEXT IR B 2 5290 8 52 3 LA AR 45 R 1 T &
8.4 HEBREFEE RASMEREOEERSNTE
B0 ) A BR A AR W BOE R ), BAA T R AR TR
P 96 fLAl H, AEFL A 95 L TSB 1 37 FL 1 50 pL
& B A A BRI B (ODgy, =0.5) ,37 Cfr B 57
48 h AR HEAE Y Y 1, W Ras i )a B 32 W 53 1%
IR, PV PBS ZZ il (pH 7.4) Y& 3 WL E BR
B IF IR o BEJS LA 200 WL Jo /K H P [
15 min, = KT S5, A 200 WL 1% 25 5 58 %5 W 4
15 min, Je (058 iR, 2588 7K S A2 ik = vk
et ,37 C oL 5, fd 25 5O B R 4
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RAEEYEEMG . HH SR E 8 N AL, Wik
SN TR R I B IR AR S s ) R
8.5 E/FEFE RN MUY LK I 2 A A0 e A
SERMEARE, BRIRVE AN T 4 L AN [R] 245 4 Ak B 1) 40
B W L 5000 remin ' B0 5 min YR TE IR, FF BT
Jei I JC R AR B AR K Ve 3 IR L R BRER B 259, BT
FH 500 pL A= R K BB WA, in A 1.5 L B S8 iie
il i) DAPL/PLIR & G (KRR L 10 1) o B dh B B
5 min BREIRG IR, E IR BOCIEE 30 min {4k
FoEi A RS HS WL RIS T
W R b R JE A 10 min, il 5]
B B W B I R AR R, o DAPT Uk I
KA K 358 nm (A5 EARICTE B ) , Lk K%
h 535 nm (L0 AR AR ICIE R ) o HAFEMIEE 3
APAT IR, G R A I LR 45 A0 7] 18 ' 2 850 DL o O
S5 RAT Ok
9 VH@LS gXH ) EMBERTE

Kl CCK-8 YL TFAL 94K A1 HE X HeLa 48 il (1 4
AN R EAR SR R R AN R O A X A K
() HeLa 4UHILL 1 x 10° 4>+ 4L ' 1% BE B2 7T 96 4L
e B T 37 C 5% CO, ¥Eafah a9k 24 h,
6T 200 J 70 43 W BE A 400 N OO E 5 U, B 2 RS 9
T, A3 0 I B N TV R 8 K A R 1 e 7R 3 4k
SRdn3E 24 h, WG H R CCK-8 37 & Ui B 14 1
BALIA 10 WL CCK-8 ¥, 4k 220 F 2 h J5 , i H
il bR AXAE 450 nm P A< Ab T 25 LI BEAE . SE 5
BB A IO IR (A 3 B R k) (B PR X R (R A
FRANM ) Ko 3 A F-47 & L, 40 AR Xk 3% 73 1 ke A
SEUS A 5 X A RO FEE T AR . TR SR Y
TETRH &M N ER 3 W, IR TEZS R T Sk

& R

1 VH@LS gkhify sl &imsm™
VH®@ LS g K kL A i) S 2 B WA 1,

3 LS-vH

1 VH@ LS 4l K il #5 i A2

O:Ls @:VH



2 VH@LS gk py RAE

KA DLS £ R X VH@ LS 44K ki #£ A [R] pH 4%
PR A sh 7 2 ROSH 0 2% e A 1E AT R G R AE
SRRV A B pH A 0 TH & 90 KR IR AR B
IR T4 K e B, T AR T E A D) e 2 A (D
2A) o LT AR L GO B A R S M R R
AR 5T 36 B R 57 A X 1E ELRE AR 8N B9 pH 2% 1
(pH 6.0 F17.0) FAT/F L5040 . ik TEM W%k
B ,pH 6.0 5 T HI4 1 VH@ LS 4 K kL 17 76 W]
HIRA s M7E pH 7.0 208, 9Kk 52 15 20 73
Y 22 1 A 45 4, S 35 AR 24 100 nm, HORL 4% 4 A
BE(ULE 2B R 2C) o Rk, 4% pH 7.0 fEH

0r =300
£ A =
& B
gy 5
8 3
NI \\ 100

REaininin

Regulus8100 5.0kV 8.7mm x50.0k SE(UL)
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VH@ LS gk B4 kL B A Ak il 28 25 10 i — 2038 3
HPLC-MS il 5 259 & &, 545 Wiz &0 F il &%
#) VH@ LS g Kk 2 A 3 & ) DL(55.35% ) fil EE
(75.60% ) o R VTAl 4 KL 19 25 9 R 0 He 4, R
BITEFEET VH R AR RS (pH 7. 4) g g
A EE (pH 5.5) P Bl sh J1 2% . Z5 R Bon 25
B PE S T 25 i SR RURE & B 3 = T4 B pH 5%
PE(ULE 2D) , X —BR R VH@ LS 4Kk B A
pH W S P TR AR < A TR U e A (5 R A BT )
A I 2 ) R, T A T R A A R R AR R A
1) TR TS0 3, AT 552 B X JB e S AN 1) BE B TR YT )
U 2 X6F T i A AU RS BN o

1200
800 |-
400 -

2R ng-mL?
-
~

[y
L7 I —]
I 1

AR pH 40 T i VH@ LS 49K Bk % K i1 {3743 77 8 3 B: VH@ LS 49K K 7E pH 6 44 F (9 TEM & ;C. VH@ LS g4 K kL
75 pH 7 £+ F 115 TEM [ ;D VH@ LS 4K K fE R4 AR R pH B4 F (pH 5.5 F1 7. 4) 109 25 0 RO 0
2 VH®@ LS 90K i i =1

3 VH@LS K40k 5 b B 1 e

MRSA 15 AR Bz Bk 8 UL A 4 A= 0, 78 B2 ik e
s 56 & I 3 N R IO o SR 24 B ik & A 45 4
B 32T AT B A Sy 5 B0 iR R A 2 2R (skin
and soft tissue infections,SSTIs) {1 FEIRF A, 4
T4l VH@ LS 94 K KL 1 BT 8 ZLRE , A BT 59 38 2o 3%
it A 1 B DU S e A B R ) ( minimum inhibito-
ry concentration , MIC) , J- 45 & #n U 3 5 B % 1 B0 s

HEATIAIF . 45 W%, VH@ LS % MRSA {4 41 i
FH 52 300 S 25 g ol B AR 1k ( DL I 3A) o vk
KF] 2.5 pgemL T IR RS 90% T, ik
% MIC YR B (2.5 pg-mL ") VE Ry J5 250 56 4 1
Hrh VH@ LS 44 40 & VH(1.38 wg-mL™") 1 LS
(1.12 pg-mL™") M550 B (W IE 3B) o SF W 7R
R GE R — B IE S, VH@ LS 4H 1) B 7% 18 i B 47
( colony-forming unit, CFU) & Z k20, B 3 Jc i i)

1067 @7
PEHMBRE 2026 F35 35 5 10 ‘



Chinese Journal of New Drugs 2026,35(10)

Uz R (W 3C) . i SEM ML %% & BH, Control
ZH A0 P 2 R S i ERRE S (WK 3D) . M
2T, VH Ab PH 20 20 B 8 30 BH i 6 45 46 I 42
I VH@ LS 21 ) 3 B 4 57 7™ 5 i) 48 e FsE 355 B Fn N
ZE Pt , 26 BH 49 oK Rz T 38 S il IR AR R 57 R M
RAEREAE o 5T 4 W BROY L2 4 18 i 25 7
BHLH, JE— LA T VH@ LS % 2E 9y A 3 13 fiE
Jio R B R, VH@ LS 4 A B W)
JIE 8 73S AR R 4 i 2R O €1 KT, B AR T R R

fHfE  2.500 0 0.0050 1.200 0 0.300 0 0.0150 0.070 0 0.030 0 0.010 0 0.0050 0.0025 pAM:

(UL IE 3E) o I /5E 4 TR XYL 8 50 06 45 LR 5L,
HAR LS Fl VH 25 20 ¥ SR B — 28 09 2R TR0 M,
{3 VH@ LS 4 3t 1 ( 21 8 5 % ) b il o i (O [
3F) X SHIARL R — 8, L FUEY T VH@ LS 44
KORE B B[] 470 B 500 o P R (33 % ) ¥ ik 445 i 5%
e LR W E OB RE , VH@ LS 26 %) A= ) e 1%
JIR AN RIRLEE (54, 31% ) AR T 50k VH 20 (66. 44% ) |
UL 3G, 20 BA I /A8 G £ G 58 ¢ O 48 1 AR IR 18] L
&l 3H,

pg-mL*

Countrol VH

B
100
80
X
@ 60
= 40
20
0 1 2 3
24k ing- mL
LS VH@LS

Countrol

Countrol VH
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F Countrol
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DPAI

VH LS
- . . .
H 80 -

ns a

PI

Merge

150

100} —a-

ns

wl 03

20

. Lt 1

Control VH LS VH@LS Control VH LS VH@LS
A RIA WS VH@ LS 48 K ki 4h 1A B 24 h FLAR IR B RIFI W VH@ LS g4 Ko 240 B 400 i 2 43+
C:AFIALFEAL MRSA B 7% % ;D R [ A FE 41 MRSA f9 SEM 8] E /5 [7) 4b FE 41 MRSA f 45 /) 26 e 45,
BB IRR  F A R Ab BRZL MRSA (5935 /38 e L5 1R 5 G 23 2 IR OD 00 5465 48 e 5 1) RE AR v A2 4
PECHEAT R S VTR  H o 40 1 16/ B8 H (0 S 8 9 S Ge T DI B s T AL I L 48 ,a: P <0.01,b: P <0.001
3 VH@ LS 44K b7 i) AR St v 1 g

WRE T/ %
BELH B HL A5/ %o

4 VH@LS gkt Emiasi

AL VH@ LS gk i 1 4 9% 42 ¥, DL HeLa ol T -
G0 MR R CCK-8 ¥ R 45 % 88 T N [l e
(0 ~100 pg-mL ") VH@ LS g4 K ki b B 24 h J5 1Y
GRALIE . WP 4 BT R, A I AN oK L e T B
T 20 A7 5 2 S LR R W A (EL BT A S g 4
() 200 M A7 195 % 2 4 35 7E 80% LA . X — 45 R %
W, 76 S 6 ik FE S5 B P9, VH@ LS 49 K B 36 90 4 ) oo o

2k efng-mL”
Ti;’ii%irﬁﬁ'ré,m&)ﬁéii%lz?&ﬁﬁ fy & 4 B4 ARFEWKER VH@ LS 44Kk 5 HeLa 41

SO E IS AR A T R

50 |

HIFER/ %
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5] it

VH 50 B K 28 b2k A 10 2, XF {2 5§ MRSA
FE PN AR 5 2 BH P B R e EL G T R, SR, L
AR CHREE DL S H 3 R A i 2 1) A B
T HL PR S B )R AN A L N, TR R
il % B AR 75 M 1 9 T 0T 2 22 T 245 1) T 28 i R
W ELAT E B I IR A S o AR 5% S Sk T RS 1
PRI LS B B A3 R PE A T VH 9K 38 1%
Z4: VH@ LS NPs,, fF 5545 53R, % R G A (L Ak 5
P25 W) 0 e R S B S R, T R B W A R A B
FIHURE 6 5 R A A W M 2 M. AR BIF 5% 00 5% 3
VH@ LS 2 K i 75 A5 100 240 PR U SO 855 (pH 5. 5) o
25 BRRE R 3 T AE A (pH 7. 4) %
B —E B pH ma N AEE . LS P B AR E SR
FL R R L AE ] B AL L A S i AT () T T AR R
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