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ABSTRACT }

Purpose. Adhesion to the bacterial cell wall by modifying nanoparticles (NPs) physicochemical properties can improve the efficacy of antibiotic. Herein, positivel?
charged clindamycin-releasing poly (lactic-co-glycolic acid)-polyethylenimine (PLGA-PEI) nanoparticles (Cly/PPNPs) and negatively charged clindamycin-releasing
PLGA NPs (Cly/PNPs) were developed to treat bacterial infection. The purpose of this study was to investigate the benefit of NP-bacterial adhesion for the treatment of]
methicillin-resistant Staphylococcus aureus (MRSA)-infected wounds

Methods. Clindamycin base was used to fabricate NPs by single oil in water (o/w) emulsification evaporation method. The in vitro drug release was evaluated in PBS pH
7.4 at 37°C. The in vitro antibacterial activity was performed against MRSA. The in vitro cytotoxicity study of NPs was tested to 1929 mouse fibroblasts. ICR mouse
model of an MRSA-infected wound was prepared by inoculating bacterial suspension on the surface of the wound. Photographs of the wounds were taken to observe the
gross visual wound healing. Furthermore, histological analysis was performed with H&E stain to observe the skin morphology. The reduction of wound bacterial burden
was also performed by using colony forming units (CFU) assay.

Results. In this study, bacterial targeted-clindamycin loaded polymeric NPs were successfully developed and characterized. Both Cly/PPNPs and Cly/PNPs exhibited a
sustained drug release over 2 days. The Cly/PPNPs showed the ability to bind on the surface of the bacteria, hence exhibited more potent bactericidal efficacy against
MRSA as compared to the Cly/PNPs, concentration- and time-dependently. We also found that both NPs are not toxic to healthy fibroblast cells. Furthermore, Cly/PPNPs
significantly accelerated wound healing and re-epithelialization in a mouse model of a MRSA-infected wounds compared to other groups.

Conclusion. These results suggest that Cly/PPNPs presented in this study could improve the efficacy of clindamycin for the treatment of MRSA-infected wounds. )

)

Nile red ( Nps) Merged

Adhesion of Cly/PNPs and Cly/PPNPs
to bacteria. NPs were incubated with
bacteria for 1 h and images were
obtained using a confocal microscope.
Bacterial membrane (green) stained
with Syto-9 and NPs (red) labeled with

In DCM Souicution

in figures show SEM images of NPs
bind on bacteria.

= PPN
.l_l_“_‘
(X o3 os

NPs concentration (mg/ml.)
Viability (%) of L929 mouse fibroblast cells following 24 h NPs at different i 1=8).
7 e

Drug Loading Stze (nm) Pl Zeta potential

(% wiw) DLS SEM (mV) §

PPNPs Not determined 193 + 38 184 + 36 0047 +1740% -
>

=

Cly’ PNPs 143 + 046 124 [EI R L] [ RL) 16402 2
H

Cly PPNPs 1314026 126 - 33 7 +37 ol “13-06 -
<

Valves are expressed as mean averages + SD of three different batch of particles o

=]

8
b

Cumulative release (%)
z §
v
-

eesrs | w|_* % hea
[ LY AR Lo
» l ™
® Ok |
» v Uh PPN | .
| =3 } 0d E
aENEs =T o 0 » » » s - i:
Time (h) ‘-.
s
C | A) SEM images of NPs, bars represent 300 nm. (B) Size distribution of NPs by zetasizer ’;
nano series Z890, insets represent zeta potential measurement. (C)/n vitro release profile -
of Cly/PNPs, and Cly/PPNPs. All samples were placed in PBS pH 7.4 at 37 °C; data
R - presented are mean + SD; n=3.

(A

T

<P

T

T

T

Bacterial viability (CFU/mL)
3

T

Bacterial viability (CFL/mlL.)
ST TRTITGEN

(A) Representative photographs of MRSA-infected wounds of ICR mice treated with or without NPs. (B) Area reduction (%) profiles of

the wounds. Values are mean + SD, n= 10 different wounds, *P < 0.05 compared with untreated group. (C) Histological analysis (H&E

_ ining) of MRSA-infected wounds of ICR mice at day 8. Scale bar = I = epik - juncti = i

('A)mnunbuofCFU,'dnlhmnnmle_D.FJ,’l‘lnbhunwnclrbue-hmdmw‘ viability was found (0 CFU/mL). (B) The effect of (-;:-;....m' tissu .u#mﬂm’m'r:umd’y mummmzumm:mmmlmmm mhm,

binding followed by washing procedure on bacterial viability after treated with or without NPs. (C) Confocal microscopy images after 24 hours treatment with || skin crust, red amows indicate fibroblast cells, white amows denote monomclear i cells and y arrows  show
& o inflammatory yellow

P c
& BN e Incubation time (h)

NPs at concentrations of 0.5 mg/mL
p
( CONCLUSION ] ACKNOWLEDGMENTS J
\
v In this study, clindamycin-releasing polymeric NPs with surface charge modified were fully ) This h was supported by the Basic Science Research Program through the|
performed. National Research Foundation of Korea (NRF) funded by Ministry of Education|

¥ The Cly/PPNPs investigated in this study showed a potent in vitro and in vivo antibacterial activity, || (2014R1A1A4A01007808) and by a grant from the Korean Healthcare Technolog;
followed by favorable wound healing efficacy in an MRSA-infection wound of ICR mouse model. ||R&D Project, Ministry for Health and Welfare Affairs, Republic of Korea
¥ Thus, could be a promising approach for treating wounds and various MRSA skin infections. J (HI15C2558).




-\ Pusan National University
College of Pharmacy

Bacteria-targeted clindamycin loaded

polymeric nanoparticles for the effective
treatment of MRS A-infected wounds

Nurhasni Hasan

Advanced Drug Delivery Laboratory
Department of Manufacturing Pharmacy,
Pusan National University, South Korea
April 25,2019

2019 Spring International Convention of The Pharmaceutical Society of Korea



R
‘Background of the study

Methicillin-resistant
Staphylococcus aureus (MRSA)

g

-

Inefficient delivery =» inadequate therapeutic index and local
and systemic side effects including cutaneous irritation,
peeling, scaling and gut flora reduction

('~ Clindamycin/silver NPs
¢; ~ (PLGA/HA) core-shell nanospheres |
|~ SLN
.~ CAP NPs

£ Benefits :

O enhanced antibiotic treatment results with fewer side effects

QO diminished probability of antibiotic resistance arising from
mneffective drug dosing

Q high sustained local drug concentrations




O
_Purpose of the study

To investigate the benefit of NP-bacterial adhesion for the treatment of methicillin-
resistant Staphylococcus aureus (MRS A)-infected wounds.

«.% = Methicillin-resistant Staphylococcus aureus (MRSA)
@ = Nile red-labelled Cly/PNPs
@ = Nile red-labelled Cly/PPNPs

Clindamycin-loaded PLGA nanoparticles (Cly/PNPs)

MRSA-infected wound Wound healing

Clindamycin-loaded PLGA-PEI nanoparticles (Cly/PPNPs)

Bacteria-targeted, clindamycin-loaded
polymeric nanoparticle

NP-bacterial interaction Wound healing



~Fabrication of surface charged clindamycin NPs~
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~Characterization of NPs~

NPs Drug Loading Size (nm) Pdi  Zeta potential
(%% wW/w) DLS SEM (mV)
PPNPs Not determined 193 + 38 184 +36  0.147 +17 0.5
Cly/PNPs 1.43 £ 0.46 132 + 41 141 +43  0.143 -16+ 0.2
Cly/PPNPs 1.31 £ 0.26 126 + 33 147 + 37 0.10 +13+0.6

Values are expressed as mean averages + SD of three different batch of particles



SRS T

~Characterization of NPs~
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~Adhesion of NPs to bacteria~

Brlght field SYTO-9 (Bacteria) Nile red ( Nps) Merged
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Inset images in f igures show SEM images of NPs bound to bacteria.
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- ~In vitro antibacterial activity of NPs~
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~In vitro cytotoxicity study~
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- ~In vivo wound healing assay~

140 ¢

Day treatment Day 0 Day 2 Day 6
Day post injury Day 0 Day 2 Day 4 Day 8 120 }
—
]
Untreated - 2 100
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boifl .
PPNPs TE ef
g s
Ss ¥ —e— Untreated
Cly/PNPs 3 ® 3| —®— PPNPs
-k —v— Cly/PNPs
0fF —9— Cly/PPNPs
Cly/PPNPs
0 2 4 6 8 10
Day post injury

H&E staining of MRSA-infected wounds of ICR mice at day 8.
Scale bar = 100 pum. Ep = epidermal, DE = dermal junction, HD
= hypodermis, G = granulation tissue, and M = wound matrix. The
orange arrows indicate early epithelialization. The green arrow
shows skin crust, red arrows indicate fibroblast cells, white arrows
denote mononuclear inflammatory cells and yellow arrows show
neovascularization.




~Wound bacterial burden~
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Wounds were swabbed, and bacterial burden was examined. Inset shows the bacterial
growth after plating of swab samples on TSB agar at day 8 post injury.



- Conclusion

In this study, clindamycin-releasing polymeric NPs with surface
charge modified were successfully performed.

v The Cly/PPNPs investigated in this study showed a potent in vitro
and in vivo antibacterial activity, followed by favorable wound
healing efficacy in an MRSA-infection wound of ICR mouse
model.

Thus, could be a promising approach for treating wounds and
various MRSA skin infections.
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