
1 
 

Theses of doctoral (PhD) dissertation 

 

Investigation of the effects of 

antimicrobial peptides for poultry 

farming, with special emphasis on 

immunomodulatory activity 

Dr. Rege Anna Márton 

 
Supervisors: Dr. Gábor Mátis PhD 
Dr. Viviána Molnár-Nagy PhD 

 

 

UNIVERSITY OF VETERINARY MEDICINE, BUDAPEST 
Doctoral School of Veterinary Sciences 

 

Budapest, 2026 



2 
 

Supervisors and consultants: 

 

 ........................................................ 

Dr. Gábor Mátis PhD 

Division of Biochemistry, Department of Physiology and Biochemistry 

University of Veterinary Medicine, Budapest, Hungary 

Supervisor 

 ........................................................ 

Dr. Viviána Molnár-Nagy PhD 

Dr. Bata Ltd., Ócsa, Hungary 

Supervisor 

Dr. Ákos Jerzsele PhD 

Department of Pharmacology and Toxicology 

University of Veterinary Medicine, Budapest, Hungary 

Consultant 

Dr. László Ózsvári PhD 

Department of Veterinary Forensics and Economics 

University of Veterinary Medicine, Budapest, Hungary 

Consultant 

 

 ........................................................ 

 Dr. Rege Anna Márton 

 



3 
 

Introduction 

Over the past decades, the substantial increase in global meat consumption has 

prompted the maximization of production in poultry farming. To fulfill this demand, one of 

the most common strategies has been the excessive use of conventional antibiotics, which 

is now recognized as a major contributor to the spread of antimicrobial resistance (AMR). 

At the same time, intensive farming conditions designed to maximize productivity make 

infection management challenging by increasing animals’ susceptibility to infectious and 

inflammatory diseases, thereby further complicating their control. 

Therefore, the identification of new substances that help control infections and 

support the immune status of poultry has become essential. In this field, antimicrobial 

peptides (AMPs) have been regarded as promising candidates. AMPs are predominantly 

cationic peptides composed of fewer than 100 amino acid residues. They can be found in 

every living organism as integral components of the innate immune system, contributing to 

the combat of infections. The efficiency of AMPs originates in their dual mode of action; in 

addition to directly attacking microbes, they can also exert remarkable beneficial effects on 

host cells, including immunomodulatory activity. This latter indirect antimicrobial mode of 

action encompasses a wide range of cellular effects, such as regulating the production of 

various cytokines, stimulating chemotaxis, supporting immune cell differentiation, and 

modulating immune cell function. In addition, the role of AMPs in other cellular processes 

of the host can extend, among others, to the regulation of redox homeostasis and tight 

junction connections responsible for maintaining epithelial integrity. The 

immunomodulatory activity and the ability to act on multiple targets can be considered one 

of their greatest advantages, and rather than acting directly on microbes, AMPs have been 

increasingly suggested to serve primarily as important signaling molecules that influence 

cellular activities. 

However, this property shows a significant diversity among different peptides and 

is further influenced by specific biological conditions, such as distinct cell types, signaling 

pathways, receptors, and inflammatory environments involved. Therefore, investigating the 

effects of AMPs on host cells, with particular emphasis on their immunomodulatory activity, 

is crucial for identifying suitable candidates for application in poultry production. 

Despite the promising results regarding AMPs, studies on the activities of AMPs on 

poultry cells remain scarce compared with the extensive research carried out on human-

derived cells and laboratory animals. Therefore, the present doctoral work investigated the 
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effects of two AMPs, the natural Cecropin A and the synthetic Pap12-6, on chicken-derived 

cells, thereby aiming to reveal their cellular effects on poultry for the first time. Additionally, 

although increasing emphasis has been placed on the impact of AMPs on host cells, 

examining the peptides’ direct antimicrobial effect may also provide useful insights into 

their potency as future substances applied to chickens. Thus, the direct antimicrobial 

activity of Cecropin A, the AMP with considerably more extensive literature on its 

antimicrobial effect, was tested against pathogenic and commensal strains frequently 

encountered in poultry production. 
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Aims of the study 

In the present doctoral work, our primary aim was to investigate the effects of 

Cecropin A and Pap12-6 on poultry cells, with special emphasis on immunomodulation. The 

gastrointestinal (GI) tract and the liver undoubtedly play central roles in immune processes, 

as the former serves as a primary site of direct contact with pathogens, while the latter, 

located at the “gateway” of substances absorbed from the intestines, plays a critical role in 

the modulation of the systemic immune response. Therefore, maintaining the homeostasis 

of both organs is a key aspect of poultry production. Based on the above, the present 

doctoral thesis primarily aimed to reveal the effects of two promising AMPs, Cecropin A and 

Pap12-6, in the context of the liver and the small intestines. In both settings, different 

concentrations of the given peptide were aimed to be applied either alone or in 

inflammatory conditions evoked by the TLR3 agonist polyinosinic-polycytidylic acid (Poly 

I:C). 

In Study I, different concentrations of Cecropin A (Study I.1) and Pap12-6 (Study I.2) 

were applied to chicken primary hepatocyte–non-parenchymal cell co-cultures to 

determine their impact on cell viability, cytokine response, and redox homeostasis. 

In Study II, the two highest concentrations of Cecropin A (Study II.1) and Pap12-6 

(Study II.2) that were found to be non-cytotoxic to hepatic cells were applied to chicken-

derived ileal explant cultures. Thereafter, their effects on cell viability, cytokine response, 

and TJ protein abundance were aimed to be investigated. 

The goal of Study III was to determine the direct antimicrobial activity of Cecropin 

A using a total of seven poultry-pathogenic and two commensal microbial strains. 
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Materials and Methods 

Study I.1: Investigation of the effects of Cecropin A on cell viability, 

cytokine response, and redox homeostasis in primary chicken 

hepatic co-cultures 

Hepatic cells were isolated according to the protocol published by Mackei et al. 

(2020), using a 3-week-old male Ross 308 broiler chicken and conducting a three-step 

perfusion of the liver. For the establishment of the cell cultures, hepatocytes and non-

parenchymal cells (predominantly Kupffer cells), separated by differential centrifugation, 

were blended at a 6:1 ratio. 

Cell cultures were treated for 24 h with five different concentrations of Cecropin A 

(1, 3.125, 6.25, 12.5, and 50 µg/mL), either alone or in Poly I:C (50 µg/mL)-induced 

inflammation, after which supernatant samples were collected. Cell viability was assessed 

by colorimetric measurement of extracellular (EC) lactate dehydrogenase (LDH) activity, 

which indicates cell membrane damage. To monitor the cytokine response, the 

concentrations of interleukin (IL)-6, IL-10, and interferon (IFN)-γ were determined using 

the Luminex xMAP method, while IL-8 and transforming growth factor (TGF)-β1 levels were 

measured with ELISA. In addition, shifts in the balance of the cytokine response (toward a 

pro- or anti-inflammatory direction) were evaluated by calculating the IFN-γ/IL-10 ratio. 

Regarding cellular redox status, EC hydrogen peroxide levels were determined with a 

fluorimetric method using the Amplex Red assay, while lipid peroxidation was assessed by 

colorimetric measurement of malondialdehyde (MDA) concentration. 

Study I.2: Investigation of the effects of Pap12-6 on cell viability, 

cytokine response, and redox homeostasis in primary chicken 

hepatic co-cultures 

Cell isolation and the establishment of cell cultures were performed as described in 

Study I.1, according to the protocol published by Mackei et al. (2020). 

The cells were treated for 24 h with three different concentrations of Pap12-6 (5, 

25, and 50 µg/mL), either alone or together with Poly I:C (50 µg/mL), after which the 

supernatant was sampled. As in the previous experiment, cell viability was assessed by 

colorimetric measurement of EC LDH activity, indicative of cell membrane damage. In order 

to investigate the cytokine response, the concentrations of IL-6, IL-10, IFN-γ, and regulated 

on activation, normal T cell expressed and secreted (RANTES) were determined using 



7 
 

Luminex xMAP technology, while IL-8 and TGF-β1 levels were measured with ELISA. In 

addition, changes in the balance of the immune response were evaluated in this experiment 

as well by calculating the IFN-γ/IL-10 ratio. The oxidative status of the cells was assessed 

by fluorimetric determination of EC hydrogen peroxide levels (Amplex Red assay) and by 

measuring the concentration of the transcription factor nuclear factor erythroid 2-related 

factor 2 (Nrf2) using ELISA. 

Study II.1: Investigation of the effects of Cecropin A on cell viability, 

cytokine response, and TJ protein concentration in chicken ileal 

explant cultures 

 Explants were isolated from the ileum of a 3-week-old male Ross 308 broiler 

chicken according to the protocol published by Mátis et al. (2024). Explants were excised 

and seeded with a 1.5 mm biopsy punch. 

The explants were treated for 12 h with two different concentrations of Cecropin A 

(3.125 and 6.25 µg/mL), both in the presence and absence of Poly I:C (50 µg/mL)-induced 

inflammation. Thereafter, samples were collected from the cell lysates and supernatants. In 

addition to EC LDH activity, cell viability was also assessed by colorimetric measurement of 

cellular metabolic activity using the Cell Counting Kit-8 (CCK-8) assay. To monitor the 

cytokine response, the levels of IL-2, IL-6, IFN-γ, and RANTES were determined from culture 

medium samples using Luminex xMAP technology, while IL-8 and TGF-β1 concentrations 

were measured with ELISA. Furthermore, shifts in the cytokine response toward a pro- or 

anti-inflammatory direction were evaluated by calculating the IFN-γ/TGF-β1 ratio. In 

addition, the concentrations of the tight junction proteins occludin and claudin-3 were 

determined from explant lysates using ELISA. 

Study II.2: Investigation of the effects of Pap12-6 on cell viability, 

cytokine response, and TJ protein concentration in chicken ileal 

explant cultures 

 Explant isolation was performed as described in Study II.1, according to the protocol 

published by Mátis et al. (2024). 

The cultures were subsequently treated for 12 h with two different concentrations 

of Pap12-6 (25 and 50 µg/mL), either alone or in the presence of Poly I:C (50 µg/mL)-

induced inflammation, after which samples were collected from the cell lysates and 

supernatants. Similarly to the previous experiment, cell viability was assessed by 

colorimetric measurement of EC LDH activity and metabolic activity using the CCK-8 assay. 
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To investigate the cytokine response, levels of IL-2, IL-6, IFN-γ, and RANTES were 

determined using Luminex xMAP technology, while IL-8 and TGF-β1 production were 

measured using ELISA in the supernatant samples. In addition, changes in the balance of the 

cytokine response were similarly evaluated by calculating the IFN-γ/TGF-β1 ratio. Finally, 

IC concentrations of the tight junction proteins occludin and claudin-3 were determined 

using ELISA. 

Study III: Investigation of the direct antibacterial activity of 

Cecropin A 

The direct antimicrobial activity of Cecropin A was investigated using the broth 

microdilution method, in accordance with international guidelines, by determining the 

minimum inhibitory concentration (MIC). Using a twofold serial dilution, seven different 

concentrations of Cecropin A (0.25, 0.5, 1, 3.125, 6.25, 12.5, and 50 µg/mL) were tested 

against the following poultry-pathogenic species and strains: Escherichia coli — ATCC 

25922 reference strain, as well as bone marrow-derived and small intestine-derived 

isolates; Clostridium perfringens — ATCC 13124 and a field isolate originating from a cloacal 

swab sample; and strains of Salmonella Enteritidis and Salmonella Typhimurium isolated 

from farm-collected cloacal swab samples. Additionally, the inhibitory activity of Cecropin 

A against two commensal microorganisms, Bacillus subtilis B.01644 and Saccharomyces 

cerevisiae 001262, was also assessed. Following 18 h of incubation after inoculation, the 

inhibitory concentration was first determined by the naked eye, after which absorbance 

values were measured at 630 nm to confirm the observations and establish the final MIC 

values. 

Statistics 

Statistical analysis of the results was performed in R (v. 4.4.1). Following the 

Shapiro–Wilk test and due to non-normal distribution of the data in several treatment 

groups, comparisons were conducted using the Wilcoxon rank-sum test. Data obtained 

during the experiments are presented as mean ± standard error of mean (SEM), while the 

results were visualized in the dissertation using Prism 9 software. Differences were 

considered statistically significant if the p-value was lower than 0.05. 
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Results and discussion 

Study I.1: Investigation of the effects of Cecropin A on cell viability, 

cytokine response, and redox homeostasis in primary chicken 

hepatic co-cultures 

Lower concentrations of Cecropin A (1–6.25 µg/mL) did not affect the viability of 

hepatic cells; however, treatment with higher concentrations (12.5 and 25 µg/mL) resulted 

in cell membrane damage, indicated by increased EC LDH activity, thereby reducing cell 

viability. Based on these findings, the effects on cytokines and redox markers were 

subsequently evaluated only for the three lower peptide concentrations (1–6.25 µg/mL). 

Regarding the cytokine response, the lowest concentration of Cecropin A applied 

alone significantly decreased the levels of IL-6, IL-8, IL-10, and IFN-γ, while the 6.25 µg/mL 

concentration exerted a similar effect on TGF-β1 production. When applied together with 

Poly I:C, both the lowest (1 µg/mL) and highest (6.25 µg/mL) concentrations of Cecropin A 

significantly reduced IL-6, IL-10, and IFN-γ levels, and in the case of IL-6, this effect was also 

observed at the intermediate peptide concentration (3.125 µg/mL). Taken together, 

Cecropin A exerted a suppressive effect on the immune response, manifested by reduced 

production of both pro-inflammatory (IL-6, IL-8, and IFN-γ) and anti-inflammatory (IL-10 

and TGF-β1) cytokines. While the former effect suggests an anti-inflammatory property of 

the peptide, the latter, considering the role of these cytokines, may indicate an 

autoregulatory alleviation of the immune response and a protective effect on hepatic cells’ 

viability. 

Regarding redox homeostasis, the lowest concentration of Cecropin A (1 µg/mL) 

applied alone, as well as the highest concentration (6.25 µg/mL) applied together with Poly 

I:C, significantly increased EC hydrogen peroxide levels. In addition, the intermediate 

peptide concentration (3.125 µg/mL) stimulated MDA production under Poly I:C-induced 

inflammatory conditions. These findings indicate that Cecropin A exerted a pro-oxidant 

effect on chicken hepatic cells, which may be related to the mechanisms underlying its 

antitumor and antifungal activities. 

Study I.2: Investigation of the effects of Pap12-6 on cell viability, 

cytokine response, and redox homeostasis in primary chicken 

hepatic co-cultures 

None of the tested concentrations of Pap12-6 increased EC LDH activity; moreover, 

its highest concentration (50 µg/mL) significantly decreased EC LDH activity both when 
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applied alone and under inflammatory conditions. Based on these findings, the peptide was 

not considered cytotoxic and may even have improved the viability of hepatic cells. 

Regarding the cytokine response, the highest concentration of Pap12-6 (50 µg/mL) 

applied together with Poly I:C significantly reduced the levels of IL-6, IL-8, RANTES, and 

TGF-β1. In the case of IL-8, a similar effect was also observed when the peptide was applied 

alone. These results indicate that Pap12-6 also exerted a suppressive effect on hepatic 

cytokine production, which was observed predominantly under inflammatory conditions 

rather than under basal conditions. 

In the case of redox homeostasis, Pap12-6 at concentrations of 25 and 50 µg/mL 

decreased EC hydrogen peroxide and Nrf2 levels in Poly I:C-induced inflammation. 

Furthermore, when applied alone, the highest concentration of the peptide (50 µg/mL) also 

reduced Nrf2 production. Based on these effects, Pap12-6 may be considered to display 

antioxidant activity. 

Study II.1: Investigation of the effects of Cecropin A on cell viability, 

cytokine response, and TJ protein concentration in chicken ileal 

explant cultures 

None of the Cecropin A-containing treatments affected cellular metabolic activity or 

EC LDH activity, indicating that the peptide was not cytotoxic in chicken ileal explants. 

Regarding the cytokine response, Cecropin A at a high concentration (6.25 µg/mL) 

significantly enhanced IL-2 production both when applied alone and in combination with 

Poly I:C. However, at a lower concentration (3.125 µg/mL), it significantly reduced IL-6 

levels under Poly I:C-induced inflammatory conditions. These findings suggest that the 

peptide partially stimulated the ileal immune response, which, considering the role of IL-2, 

may play a significant role in the proper functioning of the adaptive immune system. At the 

same time, inhibition of IL-6 also indicates a partial anti-inflammatory effect. Taken 

together with the results obtained in Study I.1, our observations suggest that Cecropin A 

possesses complex and tissue-specific immunomodulatory effects. 

In addition, the higher concentration of Cecropin A (6.25 µg/mL) significantly 

increased claudin-3 levels, suggesting the support of intestinal epithelial integrity. 



11 
 

Study II.2: Investigation of the effects of Pap12-6 on cell viability, 

cytokine response, and TJ protein concentration in chicken ileal 

explant cultures 

Pap12-6 did not affect cellular metabolic activity or EC LDH activity, indicating that 

it exerted no detrimental effect on the viability of ileal cells. 

Regarding the cytokine response, both concentrations of the peptide applied alone 

(25 and 50 µg/mL), as well as the higher concentration (50 µg/mL) administered together 

with Poly I:C, significantly increased IL-2 release. Furthermore, the latter treatment also 

resulted in a similar increase in IL-8 production. The elevation of IL-2 levels may have the 

same significance in the adaptive immune response of intestinal homeostasis as discussed 

above, while the enhanced production of IL-8 may play a role in the so-called “priming” 

effect that supports pathogen elimination. In contrast, when applied together with Poly I:C 

at a high concentration (50 µg/mL), Pap12-6 significantly decreased IFN-γ production, 

suggesting attenuation of the inflammatory response. Collectively, these findings indicate 

that, similarly to Cecropin A, Pap12-6 exerted markedly different effects on cytokine 

production in hepatic and ileal cells. Therefore, the peptide is also suggested to exert tissue-

specific and cell type-dependent immunomodulatory activities, exerting both stimulatory 

and suppressive effects depending on the cellular environment. 

In addition, Pap12-6 significantly increased occludin levels at the lower 

concentration (25 µg/mL), while the higher concentration (50 µg/mL) significantly 

elevated claudin-3 levels, suggesting the peptide’s contribution to reinforcing epithelial 

integrity. 

Study III: Investigation of the direct antibacterial activity of 

Cecropin A 

Minimum inhibitory concentrations (MIC) of Cecropin A were able to be determined 

against different strains of Escherichia coli (12.5–25 µg/mL), Salmonella Typhimurium (25 

µg/mL), and Salmonella Enteritidis (50 µg/mL). However, the peptide (below 50 µg/mL) 

did not inhibit the growth of Clostridium perfringens, Bacillus subtilis, and Saccharomyces 

cerevisiae. Therefore, Cecropin A appeared to act selectively against specific Gram-negative 

strains associated with poultry production while not harming beneficial microbes. 

Considering that the above commensal species are frequently used in probiotic feed 

supplements and for the production of recombinant AMPs, the absence of inhibitory activity 

against them may be considered favorable. 
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Conclusion 

In conclusion, both Cecropin A and Pap12-6 were found to have versatile effects on 

chicken hepatic and ileal cells, with notably different impacts in the two experimental 

settings. Based on the abovementioned changes in the production of cytokines and oxidative 

markers, the fact that no changes were observed in IFN-γ/IL-10 and IFN-γ/TGF-ß1 ratios 

across the studies, as well as the apparently tissue-specific activity of the peptides, we 

suggest that rather than categorizing them as pro- or anti-inflammatory compounds, both 

Cecropin A and Pap12-6 shall be referred to as immunomodulatory substances with 

complex immunological effects on the host. Additionally, this is accompanied by the 

peptides’ beneficial impacts on ileal TJ protein concentration, thereby contributing to the 

maintenance of intestinal epithelial integrity. Moreover, Cecropin A also appears to display 

direct antibacterial effect on specific Gram-negative bacteria frequently encountered in 

poultry farming. Collectively, Cecropin A and Pap12-6 may be promising AMPs for future 

use in the poultry sector; however, additional research is warranted to elucidate their 

mechanisms of action in more detail and to explore their potential in in vivo conditions. 
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New scientific results 

Ad 1,  

Cecropin A did not exert cytotoxic effects on chicken hepatocyte–non-parenchymal 

cell co-cultures and ileal explant cultures at 1–6.25 µg/mL concentrations; however, it 

decreased cell viability at 12.5 and 25 µg/mL concentrations when applied on its own to the 

chicken hepatic co-culture. Pap12-6 at 5-50 µg/mL was not found to be cytotoxic in chicken-

derived hepatocyte–non-parenchymal cell co-cultures and ileal explant cultures. 

Ad 2,  

Cecropin A displayed a complex immunomodulatory effect depending on the 

culture’s tissue origin. In chicken hepatocyte–non-parenchymal cell co-cultures, it generally 

suppressed the cytokine response both on its own and under Poly I:C-induced 

inflammation, while also exerting a pro-oxidant effect. In contrast, Cecropin A influenced 

the production of fewer cytokines in chicken ileal explant cultures, showing a selective 

decreasing action on IL-6 and an increasing effect on IL-2. 

Ad 3,  

Pap12-6 exerted a tissue-specific and complex immunomodulatory effect. In 

chicken hepatocyte–non-parenchymal cell co-cultures, it generally mitigated the cytokine 

response, which was more profound in Poly I:C-induced inflammation, and it also displayed 

antioxidant activity. However, Pap12-6 influenced the production of fewer cytokines in 

chicken ileal explant cultures, showing a selective reducing effect on IFN-γ and an increasing 

effect on IL-2 and IL-8. 

Ad 4, 

In chicken ileal explant cultures, Cecropin A enhanced claudin-3 abundance, while 

Pap12-6 increased the concentrations of both occludin and claudin-3, thereby exerting a 

supportive impact on epithelial barrier integrity. 

Ad 5, 

Cecropin A exhibited a direct antibacterial effect with the following MIC values: 

12.5–25 µg/mL against different strains of Escherichia coli, 25 µg/mL against Salmonella 

Typhimurium, and 50 µg/mL against Salmonella Enteritidis. At the same time, Cecropin A 

did not inhibit the growth of the commensal microbes Bacillus subtilis and Saccharomyces 

cerevisiae. 
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