IN VIVO ANTIMICROBIAL EFFICACY OF CECROPIN-A (1-7)- MELITTIN
CHITOSAN NANOPARTICLES AGAINST MEAT ASSOCIATED MULTI-
DRUG-RESISTANT NON-TYPHOIDAL SALMONELLA

Diksha P. Gourkhede?, Deepak B. Rawool?, Sukhadeo B. Barbuddhe?, Satyaveer S. Malik*

L4Department of Veterinary public health & epidemiology, ICAR- Indian Veterinary Research Institute, Bareilly, UP, India
23|CAR- National Research Center on Meat, Hyderabad, Telengana, India
*Corresponding Author: Deepak Bhiwa Rawool, deepak.rawool@yahoo.com

I INTRODUCTION

Antimicrobial resistance (AMR) in Salmonella in poultry is a serious public health threat as it is often
related to outbreaks of Salmonella-associated meat-borne illness. The failure of existing antibiotics
against Gram-negative bacteria, particularly non-typhoidal Salmonella (NTS) strains, has compelled
researchers to investigate alternative agents such as antimicrobial peptides (AMPSs) [1]. Previously,
our laboratory investigated the antimicrobial efficacy of a short-chain hybrid AMP, Cecropin A (1-7)-
Melittin (CAMA), against multi-drug-resistant (MDR) Salmonella Enteritidis strains. CAMA, on the other
hand, was found to be effective against MDR strains but ineffective against intra-cellular bacterial
infection when tested on cell lines [2]. To eliminate intra-cellular pathogens, strategies such as
structure modification (amino acid substitution), use of cell-penetrating peptides (CPPs), and
encapsulation with nanoparticles (NPs) are being devised in order to improve antimicrobial efficacy,
and achieve site-directed delivery of therapeutic AMPs [3]. In this study, we loaded CAMA onto CS
NPs for targeted delivery and assessed the in vivo antimicrobial efficacy against Salmonella Enteritidis
strains using G. mellonella larval model.

I MATERIALS AND METHODS

CAMA loaded CS NPs were fabricated by loading CAMA onto CS (85% deacetylation degree; 50-160
kDa) using the ionic gelation method with suitable modifications [4]. Further, subjected to
determination of encapsulation efficiency (EE%) using high- performance liquid chromatography and
release kinetics at pH 7.40 and 8.20 using dialysis method. Encapsulated CAMA were characterized
using zeta sizers, SEM and FTIR analysis. Characterized CAMA- loaded CS NPs were assessed for
intracellular antimicrobial efficacy against Salmonella Enteritidis strains by the in vitro time-kill assay
using human laryngeal epithelioma (HEp-2) cell lines. Further, CAMA-loaded CSNPs were evaluated
for its antimicrobial efficacy in in vivo G. mellonella larval model. All the experiments were repeated
three times in triplicates, and the results were analysed using GraphPad Prism 8.2.1 software
(GraphPad Software Inc., San Diego, CA, USA).

1. RESULTS AND DISCUSSION

The CAMA-loaded CS NPs in suspension appeared cloudy and opalescent, even to the naked eye.
The HPLC analysis of CAMA-loaded CS NPs revealed an encapsulation efficiency of 75.45 + 2.5%. It
has been reported that increasing AMP concentrations to prepare NPs results in a significant increase
in EE [4]. The cumulative release of CAMA from CAMA-loaded CS NPs was found to be highest
(>90%) at pH 8.20, followed by approximately 80% at pH 7.40 for up to 120 h (Figure 1). The
concentration of AMPs may have an effect on the release profile [5]. CAMA-loaded CS NPs exhibited
an average particle size of 263.6 + 11.30 nm and a zeta potential of 8.24 + 0.21 mV, respectively
(Figure 1). CAMA-loaded CSNPs was characterised using FTIR and SEM and results presented in
Figure 1. As evidenced by the in vitro time-kill kinetic assay, CAMA-loaded CS NPs eliminated
intracellular MDR-S Enteritidis at 12h post infection. whereas, CAMA failed to eliminate the intracellular
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MDR count. While in the in vivo Galleria mellonella larvae model, an improved survival rate, reduced
bacterial count, with significant (P<0.001) immunomodulatory effect and minimal cytotoxicity were
evident in survival assay, bacterial enumeration, melanisation and LDH cytotoxicity assays for CAMA-
loaded CSNPs. Overall, CAMA-loaded CSNPs appears to be a promising therapeutic candidate
against MDR S. Enteritidis.
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Figure 1. Characterization of CAMA-loaded CS NPs. Representative graphs indicate (a) particle size distribution,
(b) Zeta Potential (c) FTIR analysis, (d) SEM imaging and (e) In vitro release profile

V. CONCLUSION

Our findings revealed encapsulation of antimicrobial peptides using nanotechnology will help to
improve thier antimicroial efficacy and could be a promising therapeutic candidate MDR intracellular
organisms. However, the findings of the current study need to be validated in ethically less desirable
models (mice or poultry) to validate the sustained antimicrobial activity in the host system as a
promising therapeutic agent not only against the studied pathogen but also against other intracellular
pathogens for which antibiotic therapy is yet not adequate.
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