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Nanoformulation With a Cationic Copolymer Enhanced the
Antibacterial Activity of a Weakly Active Pyrazole




Abstract:Molecules containing the pyrazole nucleus are promising candidates for the
development of new antimicrobial compounds against multidrug resistant (MDR) bacteria no
longer inhibited by available antibiotics. Recently, aiming at improving the excessive minimum
inhibitory concentrations (MICs) of a pyrazole hydrochloride (CB1H), we prepared CB1H-
loaded nanoparticles (CB1H-P7 NPs) using a potent cationic bactericidal macromolecule (P7)
as polymer matrix. Here, CB1H-P7 NPs have been tested on 36 MDR clinical isolates of Gram-
positive and Gram-negative.species, finding MICs-even lower than those of P7 (0.6-4.8 uM vs.
1.2-9.3 uM). Additionally, upém_complexation, the antibacterial effects of pristine CB1H were
improved by 2-16.4-fold, as desired. Furthermore, 24 hours time-killing experiments have
established that CB1H-P7 NPs possess rapid'B'actericidal effects against representative strains
of both Gram-positive and Gram-negative species, such as methicillin-resistant Staphylococcus
aureus (MRSA), MDR Pseudomonas aeruginosa, including&-‘colistin-resistant isolate, and
carbapenemases-producing Escherichia coli and Klebsiella pneumoniae. Selectivity indices up
to 2.4 were determined by cytotoxicity experiments on human keratinocytes (HaCaT), thus
suggesting that CB1H-P7 NPs could be promising candidates for therapeutic uses in the
treatment of infections sustained by most dangerous MDR isolates tested in iis study.

Keywords: CB1H-loaded copolyrr;er NPs; cytotoxicity to human cells; Gra itive and Gram-
negative MDR isolates;” MICs and MBCs; pyrazole compounds; selectivity index; time-kill
experiments.
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Introduction Drug resistance is a
multifactorial
phenomenon that limits
the action of antibiotics

Infections caused by
the MDR, XDR, or even
PDR bacteria are a
global concern
because they are

The pyrazole ring is
known fo have

activities, including
antimicrobial effects

nearly untreatable

Conventional antibiotics
are no longer effective
and need to be replaced
with new antibacterial
agents suitable for
clinical application.




Commercial Drugs Containing Pyrazoles
Cl

1\

CH3 N
) » -
@ O\ Tl Sk
\‘ CDPPB Lonazolac Me irizole

IeCOX|b

Anti-inflammatory Anﬁ psycho;lg/.\»Antl inflammatory Antl In ory

— f’o /

2,

Fezolamine ,ée : ~ Tlle_Ole
- _Anti-depressant H2-receptor agonist ‘naigesic




Pyrazole Used in This Study
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Nanoparticles Fo:(')mulation of CB1H Using Copolymer P7
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n this study, CB1H-P7 NPs have been tested on several clinical isolates o
ram-positive and Gram-negative species, including MDR strains,
observing high improvements in_the antibacterial properties of both CB1
and P7 by a complex-based cooperation, and strong bactericidal effects
already after 1 h of exposure. Particularly, very low MICs were observea
for CB1H-P7 NPs, thus. establlshmg that-when complexed, P7 was 2-fola
ore potent that P7 alone against all bacteria tested, while CB1H was 2
6-fold and 4-33-fold more _potéent than pristine CB%gains
ram-positive and Gram-negative bacterla Tespectlvely >

>,
onjecturing a possible clinical use of CB1H-P7 NPs, cytotoxicit
experiments on human keratmocytes (HaCaT) were performed with P7,
B1H and CB1H-P7 NPs. Even if both P7 and CB1H-P7 NPs mamfeste

for all bacteria for both compounds were s
han those of CB1H and Sis of CB1H-P7 NPs were higher
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Results and discussion
Antibacterial Effects on Gram-positives

Original P7 Original CB1H CB1H-P7 NPs Complexed P7 Complexed CB1H
(13,719) 1 (37197 e (26624)1 (13,719) 1 (371.9)2
¥a MIC MIC ] L MiC MIC N Yile
UM (ug/mL) UM (pg/mL) = MM (pg/mL) UM (pg/mL) = UM (pg/mL)
- ! Enterococcus genus
E. faccalis 1 2.3 (32).’\344 2 (128) \ L2 (32) 1.2 (16.4) 41.9 (15.6)
E. faecali 23(32) . 344.2 (128) 2.4 (64). 2.4 (32.9) 83.6 (31.1)
E. faecaliﬁ 23(32) 344.2 (128) .24 (64) 2 AM(32.9)" ypui 83.6 (31.1)
E. faecium 21* 1.2 (16) 344.2 (128) / 12 (32) 1.2 (16.4) 1.9 (15.6)
E. faecium 325* 1.2 (16) " 3442 (128), - 0. i‘%»\ 0.682 1.0 (7.8)
E. faecium 341%# 1.2 (16) 344.2 (128) p— 0 6) 0.6 (8.2) > 1.0 (7.8)
A ] ,Siupflococcus geA o P
S. aureus 18** 4.6 (64) 344.2 (128) 2.4(64) \ N 2.4 (32.9) "' 83.6 (31.1)
S. aureus 187** 4.6 (64) 344.2 (128) 4.8 (128) 4.8 (65.8) . 167.2 (62.2)
S. aureus 195** 4.6 (64) 344.£ (12 2.4 (64) 2.4 (32.9) ~ 83.6(3L1)
S. epidermidis 22** 1.2 (16) 344.2.(128) 0.6 (16) 0.6(82) 21.0 (7.8)

S. epidermidis 180*** 1.2 (16) 344.2 (128) 1.2 (32) 1.2 (16.4) 41.9 (15.6)
S. epidermidisigl*** 1.2 (16) 344.2 (128) 0.6 (16) 1.0 (7.8)
LA olecular mass (ﬁn); 2 MW; 3 refers to CB1H-P7 NPs;

resistanCE (VRE), *#VRE re8|sta|{t also to teicoplanin; ** denotes
denotes e5|stam./towarfi metH'c1II|n and linezolid. = sy

omycin
stanCE; ***




Original P7
(13,719) 1
Strains M
UM (ug/mL)
E. coli 238 # 4.6 (64)
E. coli 477% 2.3 (32)
E. coli 4625 2.3 (32)
K. pneumoniae 375# 4.6 (64)
K. pneumoniae 3 9.3 (128)
K. pneumoni 9.3 (128)
K. pneumoniae 49 4.6 (64)
E. aerogenes 4 4.6 (64)
A. baumannii 257 2.3 (32)
A. baumannii 279 2.3 (32)
A. baumannii 245 OR 9.3 (128)
P. aeruginosa 1V## 2.3 (32)
P. aeruginosa 5V## 4.6 (64)
P. aeruginosa 6V## 4.6 (64)
P. aeruginosa 7G## 4.6 (64)
P. aeruginosa 265 CR,#4 >18.6 (=256)
P. aeruginosa 432 ry.## 1.2 (16)
P. aeruginos 4.6 (64)
P. aerugino 4.6 (64)
P. aerugino 9.3 (128)

-
S. maltophiliﬂ cor
S. maltophilia 280 <01

S. maltophilia 384CCR
S. maltophilia 390C{

Original CB1H

(371.9)2
MIC

(ng/mL)

>688.4 (>256)
>688.4 (>256)
>688.4 (>256)
>688.4 (>256)

>688.4 (>256)

>688.4 (>256)
>688.4 (>256) -
>688.4 (>256)

>688.4 (>256)
>688.4 (>256)
>688.4 (>256)
>688.4 (>256)
>688.4 (>256)
>688.4 (>256)
>688.4 (>256)

5688.4 (>256) &

>688.4 (>256)

i

23(32) . '>688.4 (>256) /

4.6 (64)"

2.3 (32)

23(32)

>688.4 (>256)
>688.4 (>256)
>688/.4 (>256)

:

Antibacterial Effects on Gram-negatives

CB1H-P7 NPs Complexed  Complexed CB1IH ! average molecular
(26624)! P7(13,719) ! (371.9)2 mass (Mn); 2 MW; 3
MIC MIC MIC refers to CB1H-P7 NPs;
HM (ug/mL) UM (ug/mL) MM (ug/mL)*. #  denotes KPCs-
Frntengb Rl FoR TP F producing isolates; §
1.2(32) 1.2 (16.5) 41.9 (15.6) denotes Tew  Delhi
12 (32) e il (6.5) 41.9 (15.6) E collo
1.2 (32) 1.2 (16.5) 41.9 (15.6) y WS
4.8 (128) 4.8 (65.8) 167.2 (62.2) .
N 9. 80560 9.1 (124.4) 35.4 (131.6) (NEgds) i cing
, 4.8‘128) . 4.8(65.8) 167.2 (62.2) isolate; P. aeruginosa, S.
4 (64) 2.3 (32.9) 83.6 (31.1) maltophilia  and A
12(32) % 1.2 (16.5) 41.9 (15.6) wbagumannii  were  all
No'n-fermenM ria; 1V, 5V,
’a‘ 1.2(32) ,)ﬂq&S) 41.9 (15.6) v DR strains
| . 1.2.(32) ) 1.2 ( ‘i.5) 41.9 (15.6) isolate m patients
: 12 (32) _uti® 1.2 (16.5) 41.9 (15.6) with cystic fibrosis; CR =
_ MDR (P. @eruginosa) or
* § 1232 1265 41.9 (15.6) KPCs=pFoducing (K.
[ . 24(64) 2.3 (32.9) 83.6 (31.1) DR icc) B strains
2.4 (64) 2.3 (32.9) 83.6 (31.1) . N
l / 2.4 (64) 2.3 (32.9) 83.6 (31.1) IR/t .2!50, 10 colistin;
' 1.2(32) 1.2 (16.5) 190156 pyomelanin
12 (32) 12 (16.5) 41.9 (15.6) odugers; * resistant to
1.2 (32) 12(165) ombination
1.2 (32) 1.2 (16.5) idime;
y 9.6 (256) 9.1 (124.4) to
co-
1.2 (32) 1.2(16.5) azole resistant;
1.2 (32) 1.2 (16.5) . co-trimoxazole
1.2 (32) 12165 :;.2 gii; o ermesiai

2.4 (64)

23329



Logo(CFU/mL)

Time-Killing Curves and Bactericidal Effects on Representative MDR Isolates
of Gram-positive and Gram-negative Species
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Cytotoxicity of P7, CB1H and CB1H-P7 NPs on HaCaT Human Keratinocytes Cells
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The statistical significance of differences between experimental and control groups was determined via a two-
way analysis of variance (ANOVA) with the Bonferroni correction. Asterisks indicate the following p-value

ranges: * =p <0.05, **=p <0.01, *** = p <0.001.
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LD., and Sis of P7, CB1H and CB1H-P7 NPs

Equations R? LDso (M) Gram- Gram-
positive negative

y =-25.7640x + 103.4 '0.8972 2.1 0.5-1.8 0.1-1.8
y =-0.6059x + 84.712  0.8648 57.3 <0.4. <0.2.

< - Conclt]sions
CB1H-P7 NPs previously prepared were evaluated in vitro for assessing their antibacteria
effects, for investigating their cytotoxml-TY profile, and for determining their" Iectivit
indices (Sls). -y
CB1H-P7 NPs were essayed on 36 MDR clinical isolates, including different genera of Gram
positive and Gram-negative species obtaining excellent results. The antibacterial potenc
ranged from being considerable (MIC 4.8 M) to very potent (MICs = 0.6-2.4 uM) against
34 out of 36 isolates tested.
CB1H-P7 NPs displayed very low MICs against colistin-resistant isolates of
(1.2 and K. pneumoniae (2.4 uM), currently untreatable by t

antibiot |
CB1H-P7 NPs were effective against an isolate of E. coli producing
which are capable to hydrolyse all B-lactam antibiotics except for aztreonam and against

which no approved inhibitor works.
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] Conclusions

s Time kill experiments carried out on different MDR strains of P. aeruginosa, S. aureus, E.
coli, and K. pneuomniae, evidenced that after 24 h of exposure, CB1H-P7 NPs were capable

of killing all bacteria tested.
¢ Dose-dependent cytotoxicity studies performed for 24 hours on human keratlnocyte cells

N,

(HaCaT) and the determination of the relative Sils of CB1H-P7 NPs, showed that, b

com ng CB1H wﬂ%\not only the antibacterial effects of both the ingredients (CB1

and mere improved, but)lso their Sls. >

¢ CB1H-P7 NPs have Sis up to 3. 3-fo|d hlgh.epthan those of P7 and up to 6.5- fol er tha
those of BC1H. 2

Future Perspectives

Although further investigations aré r;éeded to evaluate the actual clinical applicability of
CB1H-P7 NPs developed here, the preliminary results obtained in this study suggest.that they
d in the future as powerful new agents capable of rapidiyiki -
JIVIDR bacteria and to cufre difficult-to-treat bacterial infections:
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