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Benefits :
o O High surface-area-to-volume ratio
. O Small size enables efficient interaction with micron-size bacteria
é@‘umwmm’m
£

13/05/2023

Purpose of the study

To develop NO-releasing NPs with an ability to directly bind to the biofilm matrix that
provide enhanced NO availability in biofilm-infected wound areas, thereby enabling an

effective treatment of the wounds.
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~Fabrication of surface charged PLGA-PEI/NO NPs~
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~Characterization of NPs~

Amount of loaded Size (nm)
Zeta Potential
NPs NO PDI V)
m
(umoles/gNPs) Zetasizer qNano

PLGANPs ND 252£45 246 £ 49 0.133 -243%17
PLGA-PEINPs ND 265 ¢ 11 248 £ 46 0.091 +345+£12
PLGA-PEI/NONPs 1221 240 £2 247 £ 26 0.080 +346 £ 1.1

Values are expressed asmean + SD of three different batch of particles
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~Characterization of NPs~

PLGA PEL NS

Particle Diameter ()

pmoles of NO
release/mg NPy

PLUALTING NP

Time (W)

All samples were piaced in simulated wound fluid
(SWF) pH 7.1 at 37 'C; data are means 5D n =3
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Bars represent S00nm.
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~Adhesion of NPs to biofilm matrix~

A 2D Biofilm Images

B

TRITC
(Biofilm matrix)

Coumarin-6
(NPs)

PLGANPs

PLGA-PEIL
Ps

PLGA-PEVNO
P

(4) 2D images showed bicfilm EPS (red) stained with TRITC dye and NPs (green) stained with coumarin-6. Ali samples were incubated for 2 h
(B) Schematic presentation of NP binding to the bioflim matrix.

~In vitro anti-biofilm activity of NPs~
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Values, mean + SD; replicates, n=6; *P<0.0S, compared to untreated group.

PLGA-PEINO NP

| Deep blue color indicates biofilm and yellow color indicates bioflim dispersal.
| Eniarged confocal microscapy images showed live bacteria stained with SYTO-9
|| (green color) and dead bacteria stained with PI {red color).
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~In vitro cytotoxicity study~
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Cell viability (%)

e

Nanoparticle concentration (mg/mL)

Viability (%) of L929mouse fibroblast ceils following 24 i of exposure to different concentrations of NFs (n = &).

~Characterization of MRSA biofilms on wound ~

B D

(A) Biofilm formation in cutaneous mouse
wounds. Macroscopic appearance of
normal wound without biofilm (left
side) and wound colonization by
biofilm (right side, day 6 post-injury).

(B)SEM images of bacterial biofilm
(yellow arrows mark  bacterial
microcolonies enclosed in  biofilm

matrix).

(C)Gram staining of the wound tissue
(yellow arrows mark biofilm in the

E R s o ORI wound); inset in Gram staining image
shows Gram-positive cocci (MRSA).

D)3D biofilm visualized by confocal
microscopy.

(E) Representative 3D of in vivo biofilm
formation showing the biofilm matrix
in red, the bacterial microcolonies in
green, and the merged image of both
stains  (while  amows  mark
microcolonies enclosed by EPS).

Crons sections) images
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~In vivo wound healing assay~
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Biood glucase ievels in ICR and Balb/e
mice after a single i.p. injection of
Streptozotocin (S12).

STZ-induced diabetic
ICR mise

Untreated

Wound area reduction percentage of
mice gk lesions relative to the initial
8-mm wound. Data shown are mean +
SD; ne 0 different wounds; *P<0.05,
compared with untreated group.
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~In vivo wound healing assay~

Normal skin Untreated PLGA-PEI NPs PLGA-PEUNO NPs

=
2
=
Fibroplasia m the treatment of MRSA
biofiim-infected wounds. Red arrows
indicate_fibroblast cells, blue arrows
w show collagen strands, and black arrows
» = deriote mononuclear inflammatory cells.
zQ Magnification 100x. Scale bar = 10 g
58
28
s
=3

H&E and Masson’s trichrome stain of MRSA biofiim-infected wounds in STZ-induced diabetic ICR mice at last
day. Scale bar = 50 gen; EP = epidermal; DE = dermal junction; HD = hypodermis; G = granulation tissue; M =
wound matrix. Orange arrows indicate early epithelialization, red arrows indicate fibroblast ceils, and biack
arrows denote mononuciear inflammatory cells. Blue color in trichrome stained images indicates collagen
arranged in parallel to the surface.
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~In vivo wound healing assay~

e0im0._bLAvri bt

- o Biofilm-infected wounds in STZ-induced diabetic
B Balb/c mice.
(A)Representative photographs of healing in STZ-

= -
- gt i - induced disbetic Balbic mice with MRSA biofilm
T % challenge treated with or without PLGA-PEUNO NPs.
[ 3 fou (B) Wound ares reduction percentage of mice skin lesions
]i % 5. relative to the initial 8-mm wound. Data shown are
210 d 1. mean = SD; n = 10, different wounds; *P < 0.05,
) e t e |} compared with untreated group.
o] e R | wm SN (C) Wound closure percentage of Balb/c mice skin lesions
s S e at the last day relative to the initial 8-mm wound.
Day post-dajuey . ""'",-m"‘“ (D)Histological analyses (H&E and Masson’s trichrome

staining) of biofilm-infected wounds in STZ-induced
diabetic Balb/c mice (al day 12). Scale bar = S0 pum;
Ep = epidermal; DE = dermal juncti
hypodermis: G = granulation tissue, M = wound
matrix. The orange amrows indicate early
epithelialization, red arrows indicate fibroblast cells,
and black arows denote mononuclear inflammatory
cells. Blue color in the trichrome stain indicates
collagen arranged in parallel to the surface.
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~In vivo wound healing assay~

Biofim-infected wounds in non-diabetic ICR and

Balb/c mice.

(A) i of healing in non-diabe
ICR (up) and Balb/c (down) mice with MRSA biofilm
challenge treated with or without PLGA-PEVNO NPs.

(B) Wound area reduction percentage of mice skin lesions
relative to the initial 8-mm wound. Data shown are
mean + SD, n = 10 different wounds, *P < 0.05
compared with untreated group.

(C)Wound closure percentage of ICR and Balb/c mice
skin lesions at last day relative to the initial 8-mm
wound.

(D)Histological analyses (H&E and Masson’s trichrome
staining) of biofilm-based wound challenged in non-
diabetic mice (day 12). Scale bar = SO pm. Ep =
epidermal, DE = dermal junction, HD = hypodermis,
G = granulation tissue and M= wound matrix. The
arrow colored with orange arrows indicate early
epithelialization. Red arrows indicate fibroblast cells
and black arrows denote mononuclear inflammatory
cells. Blue color on the trichrome staining indicates
collagen arranged parallel to the surface.
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~Bacterial burden in the wound~

- Untreated PLGA-PEI NPs PLGA-PEI/NO NPs
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= 1 Purple color spots marked with arrows represent MRSA coionies. At day 2, 8, and 12 after bicfilm
R infection, wotnds were swabbed and the bactenial burden was examined.

In vivo biofilm dispersal
3Din vivo bioffim dispersal in bicpsy samples collected on day 0 and or treatment days 4, 6, 8, and 10, analyzed by confocal microscopy (nide view images).
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lustration of mechanisms of action of PLGA-PEI/NO NPs in MRSA

biofilm-infected wound healing~

NO-relcasing NP PPLGA-PELNO NPy
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Conclusion

In this study, nitric oxide has been successfully incorporated into
the polymeric nanoparticles (PLGA-PE/NO NPs).

v~ PLGA-PEI/NO NPs effectively bind to the surface of the biofilm
matrix, causing strong biofilm dispersal in vitro and in vivo.

PLGA-PEI/NO NPs can effectively treat MRSA biofilm-infected
wound in diabetic mice model by clearing the infection and
promoting wound healing.

The novel biofilm-binding, NO-releasing NPs represent a
promising technology for the development of high-efficacy
treatments for biofilm-infected chronic wounds.
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