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Original Article
The Inhibitory Effect of Camel Lactoferrin-chimera, 
a Recombinant Antimicrobial Peptide, on Avian 
Influenza Virus Subtype H9N2

Background: Avian influenza subtype H9N2 is poultry’s most prevalent influenza virus worldwide. 
It imposes economic losses to the poultry industry and has zoonotic potential. Currently, the two 
main groups of anti-influenza drugs are adamantanes and neuraminidase inhibitors. In recent years, 
there has been an increase in the resistance to existing anti-influenza drugs. Antimicrobial peptides 
are a group of potential drug candidates with broad-spectrum activity. Camel lactoferrin (cLF)-
chimera is an antimicrobial peptide synthesized from camel milk lactoferrin. 

Objectives: This study aims to evaluate the inhibitory effects of cLF-chimera on avian influenza, 
subtype H9N2. 

Methods: One hundred and seventy 11-day-old specific pathogen-free (SPF) embryonated eggs 
were randomly distributed into 17 groups. Different virus and peptide concentrations were injected 
into the eggs. The eggs were incubated for four days, and daily candling was done for viability 
assessment. On the 4th day of incubation, each group’s live or dead embryos were sorted and 
evaluated for gross anomalies. Next, for histopathological analysis, chick embryos were fixed 
with 10% neutral buffered formalin for one week. The 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl 
tetrazolium bromide (MTT) assay was performed to determine peptide and virus concentrations. 

Results: Embryo viability results and macroscopic and histopathologic findings showed 
that the peptide had inhibitory effects against the virus. These results are consistent with the 
3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide) (MTT) assay. Moreover, the 
peptide has proven effects against pathogenic bacteria, which can be advantageous compared to 
common anti-influenza medications. 

Conclusion: According to the results, cLF-chimera has an inhibitory effect on the H9N2 influenza virus 

Keywords: Antimicrobial peptide, Avian influenza, Camel lactoferrin (cLF)-chimera, 
Histopathology, Subtype H9N2
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Introduction

vian influenza viruses (AIVs) have a 
negative-sense ribonucleic acid (RNA) 
genome with eight segments in the Or-
thomyxoviridae family and Influenza A 
genus (Perez DR 2019, Mohammadi et 
al., 2023). They are categorized as high 

or low pathogenic based on their pathogenicity and mo-
lecular markers. They are also classified into 16 haemag-
glutinin (HA) and nine neuraminidase (NA) subtypes 
based on surface glycoproteins HA and NA (Swayne et 
al., 2020, Sheykhi et al., 2021). The H9N2 subtype is a 
low-pathogenic AIV (LPAIV), the most prevalent AIV 
in poultry worldwide (Nagyet al., 2017). Its first report 
was from turkeys in the USA in 1966 (Nagy et al., 2017). 
Later, it spread to Asia, especially in the 1990s (Nagy 
et al., 2017; Mehrabadi et al., 2019). The first report on 
H9N2 in Iran was by Vasfi et al. in 1998 (Vasfi Marandi 
et al., 2002). Since then, the virus has been endemic in 
Iran and reported frequently (Ahmadi et al., 2018).

H9N2 AIV is crucial for the following reasons: I: Due 
to direct and indirect economic losses, such as mortality, 
vaccination, and treatment costs (Swayne et al., 2020); 
II: Possible transmission to humans. The first zoonotic 
species was reported in China in 1998 (Peacock et al., 
2019, Mayahi et al., 2021). Fortunately, it is sporadic 
with low severity in humans, and there have been no re-
ports of transmission among the human population, but 
the virus can be considered a pandemic candidate (Pusch 
& Suarez, 2018). III: H9N2 is a gene donor. To date, the 
role of H9N2 AIV in the emergence of at least three in-
fluenza subtypes, H5N1 (Peacock et al., 2019), H7N9 
(Lam et al., 2013), and H10N8 (Chen et al., 2014), has 
been recognized.

Poultry prevention strategies are based on vaccination 
and biosecurity (Shen et al., 2014, Radmehri et al., 2021, 
Motamedinasab et al., 2023). However, vaccination is 
the primary strategy, and its effectiveness is mainly in-
fluenced by the similarity between the vaccine and the 
virus HA glycoprotein (Song & Qin, 2020). In addition, 
vaccination of birds with immunosuppressive diseases 
has no optimal effect (Sharif & Ahmad, 2018). 

In humans, anti-influenza drugs are used for treatment 
and prevention (Amarelle et al., 2017). The two main 
types of medicines, adamantanes and neuraminidase in-
hibitors have been proven in many countries (Koszalka 
et al., 2017). The mechanisms of action for these drugs 
are blocking the M2 ion channel and neuraminidase gly-
coprotein, respectively (Watanabe & Kawaoka, 2015).

Vaccination and biosecurity of poultry cannot com-
pletely prevent disease outbreaks. Currently, no specific 
treatment is found for poultry, and human anti-influenza 
drugs are prohibited in many countries (Tsuruoka et al., 
2017; Ahmadi, Rajabi et al., 2018). In contrast, drug re-
sistance, especially for adamantanes, has increased in 
recent years (Hussain et al., 2017). In addition, prescrib-
ing these drugs 48 h after the onset of symptoms is not 
considered effective (Lehnert et al., 2016). Therefore, it 
is required to search for new anti-influenza agents that 
can also be used in poultry, that antimicrobial peptides 
(AMPs) are one of many candidates (Ahmadi et al., 
2018; De Angelis et al., 2021).

AMPs or host defense peptides are small amino acid mol-
ecules (usually <100) that are part of the innate immune 
system (Kang et al., 2017; Lei et al., 2019). These peptides 
exist in many organisms (Lei et al., 2019) and have a broad-
spectrum effect on bacteria, fungi, and cancer cells (Yea-
man & Yount, 2003, Ong et al,. 2014). Peptides are also 
acceptable candidates for preventing and treating viral dis-
eases, with proven antiviral activity against some DNA and 
ribonucleic acid (RNA) viruses (Bahar & Ren, 2013).

A group of AMPs are derived from larger proteins. The N-
terminus of lactoferrin contains hydrophobic and cationic 
AMPs with antibacterial, antiviral, and antifungal activities 
(Tanhaiean et al., 2018a, Tanhaieian et al., 2018b). The chi-
meric peptide camel lactoferrin (cLF)-chimera is derived 
from camel milk lactoferrin. The peptide is synthesized 
from the linkage of the camel lactoferricin (cLFcin) C-ter-
minus and camel lactoferampin (cLFampin) N-terminus by 
a lysine amino acid (Tanhaiean et al., 2018a; Pirkhezranian 
et al., 2020) and expressed recombinantly in Escherichia 
coli and L. lactis (Tanhaiean et al., 2018a; Tanhaieiani et al., 
2018b). The peptide had an antibacterial effect against E. 
coli, S. Enteritidis, S. Typhi, P. aeruginosa, and S. aureus in 
vitro and E. coli and C. perfringens, in vivo (Daneshmand 
et al., 2019; Daneshmand et al., 2020; Roshana et al., 2020, 
Tanhaeian et al., 2020). 

Some natural and synthetic AMP studies have focused 
on antiviral drugs in humans and birds. However, most 
studies have concentrated on human pathogens, such as 
Middle East respiratory syndrome coronavirus (MERS-
CoV), severe acute respiratory syndrome coronavirus 2 
(SARS-CoV), human immunodeficiency virus (HIV), 
hepatitis C virus, and measles (Zhao et al., 2020), while 
others have focused on avian pathogens. One crucial po-
tential zoonotic pathogen is AIV. Different peptides have 
been tested on different subtypes of AIV, such as H1, H3, 
H5, and H7 (Li et al., 2011; Zhao et al., 2016) and H9N2 
(Rajik et al., 2009; Arbi et al., 2022). 

A
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In this study, we also decided to predict the interac-
tion of the peptide with its partially related receptors 
(HA, NA, and M2 ion channels). To accomplish this, 
we used a computational modeling technique. Compu-
tational modeling has the benefits of reducing wet lab 
practice costs and minimizing blind experiments (Meng 
et al., 2011). On the other hand, molecular docking has 
been accepted as a modeling technique that could elu-
cidate the interaction between molecules (Pagadala 
et al., 2017). This method explains the ligand and tar-
get protein’s most favorable binding mode (Tripathi & 
Bankaitis, 2017). Therefore, it can be used in molecular 
biology and drug design (Meng et al., 2011, Pagadala et 
al., 2017).

This study was conducted to evaluate the probable 
inhibitory effects of cLFchimera on the H9N2 subtype 
of influenza virus to prevent and treat influenza in both 
humans and poultry. Moreover, computational modeling 
predicts the interaction between the peptide and the virus 
surface projections (HA, NA, M2). 

Materials and Methods

Virus, cells, and embryonated eggs

Low-pathogenic AIV (LPAIV) strain A/chicken/Iran/
UT-Barin/2017 (H9N2) was used in this study. The virus 
was obtained from the Department of Avian Diseases, 
Faculty of Veterinary Medicine, University of Tehran. 
Madin-Darby canine kidney (MDCK) cells were pur-
chased from Razi Vaccine & Serum Research Institute, 
Iran, and maintained in Dulbecco’s minimal essential 
medium (Thermo Fisher Scientific corporation; USA), 
with 10% fetal bovine serum (Thermo Fisher Scientif-
ic corporation; USA) at 37 centigrade degrees and 5% 
CO2 atmosphere. Eleven-day-old specific pathogen-free 
(SPF) embryonated eggs were also used to evaluate pos-
sible virus-peptide interactions.

Camel lactoferrin (cLF)-chimera peptide

The chimeric peptide was derived from camel milk 
lactoferrin. It is synthesized from the linkage of the cLF-
cin C-terminus (17-30) and the cLFampin N-terminus 
(265–284) by a lysine amino acid. A six-aminoacids-
histidine tag is also linked to lactoferampin (Tanhaiean 
et al., 2018b, Tanhaieian et al., 2018b). Figure 1 shows 
the peptide’s cartoon shape and amino acid sequence. 

Experimental design

The study was conducted in six steps:

Titration of the virus by the embryo infective 
dose50 (EID50) method

First, a ten-fold dilution of the virus was prepared. 
Serial dilution continued to 10-9. Each dilution was in-
jected into five SPF embryonated eggs. After incubation 
at 37 °C and 75% humidity for 72 h, the number of live 
and dead embryos in each group was counted. The CAF 
of all the eggs were then harvested. The presence of the 
virus in the fluids were evaluated using the HA test. To 
increase the accuracy, the HA test was performed in du-
plicate. The Reed and Muench method was performed 
to reach 102, 104, and 106 embryo infective dose 50 
(EID50) of the virus (Villegas, 2008).

Injection of the peptide and titrated virus into em-
bryonated eggs 

Eleven-day-old SPF embryonated eggs were randomly 
divided into 17 groups (each with ten eggs). After pep-
tide dilutions were prepared (40, 80, and 160 μg) (Tor-
res et al., 2013, Tahmoorespur et al., 2020), 0.1 mL of 
each dilution was mixed with 0.1 mL of the virus dilu-
tions (102, 104, and 106 EID50). The mixture was then 
remained at room temperature for 30 minutes. Then, 
each inoculum was injected into the allantoic sac of em-
bryonated eggs (Tare & Pawar, 2015). There were three 
groups: Positive, negative, and injection control. Table 1 
summarizes all treatment groups.

Evaluation of macroscopic and histopathologic le-
sions of the embryos

The eggs were incubated for four days (Arbi et al., 2022) 
in a GALLENKAMP® incubator model at 37 °C and 75% 
humidity. During this period, all eggs were candled daily 
for viability. Deaths in the first 24 h were assumed to be 
injection errors or probable bacterial infections and were 
eliminated from the results. On the 4th day of incuba-
tion, each group’s live or dead embryos were sorted and 
evaluated for gross anomalies. Next, the chick embryos 
were fixed with 10% neutral-buffered formalin for one 
week. Finally, 4 µm tissue sections were obtained from 
the whole chick body, including head, thorax, and abdo-
men, embedded in paraffin and stained with hematoxylin 
and eosin (H&E) for microscopic studies.

Cytotoxicity assay

Ninety-six-well culture plates with MDCK cells were 
incubated at 37 °C in a 5% CO2 atmosphere for one day. 
Cells were then treated with various concentrations of the 
peptide, virus, and peptide-treated virus for 24 h with the 
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same condition as the previous step (Table 2 presents all 
14 groups in detail). A cell viability assay was performed 
using the 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetra-
zolium bromide) (MTT) method to determine the cytotox-
icity of all treatment groups. Briefly, 10 μL of MTT solu-
tion was added to each well and incubated for four hours 
at 37 °C. Next, 50 μL of dimethyl sulfoxide (DMSO) so-
lution (Thermo Fisher Scientific Corporation, USA) was 
added to the wells. Finally, the solution’s optical density 
was measured at 570 nm using an enzyme-linked immu-
nosorbent assay (ELISA) reader (anthos 2020®) (Bahu-
guna et al., 2017; Mehrbod et al., 2018).

Computational modeling

The SWISS-MODEL web server modeled the HA, 
NA, and M2 projections (Waterhouse et al., 2018). The 
PEP-FOLD web server also modeled the peptide (Shen 
et al., 2014). Docking complexes prepared with the 
ClusPro web server (Porter et al., 2017) were opened 
using PyMOL software (Schrödinger L, 2020). Photos 
were taken at the ligand-receptor interaction site. 

Statistical analysis

Statistical analysis was performed using Graph Pad 
Prism software, version 8.0 (GraphPad Software, Bos-
ton, Massachusetts USA). Data are represented as 
Mean±SD for each sample. Two-way analysis of vari-
ance was used to compare the means. 

Results

Injection of peptide and titrated virus to embryo-
nated eggs

After four days of incubation, eggs were candled to 
identify the viability of the embryos. The results showed 
100% vitality at all peptide concentrations (CP1, CP2, 
and CP3). There was also nearly 100% viability in all 
V1 (V1P1, V1P2, and V1P3) and V2 (V2P1, V2P2, and 
V2P3) groups (except a death related to injection error in 
the V2P2 group). All embryos in V3P1 and V3P2 died, 
but V3P3 had very high viability (except for two deaths 
related to injection error in V3P3). All embryos died in 

Table 1. All groups of embryonated egg injection

Groups Treatment

C No treatment for egg control

CS Normal saline injection for injection shock control

CV1 102 EID50 unit of the virus injection for virus control

CV2 104 EID50 unit of the virus injection for virus control

CV3 106 EID50 unit of the virus injection for virus control

CP1 Control for 40 μg of the peptide 

CP2 Control for 80 μg of the peptide

CP3 Control for 160 μg of the peptide

V1P1 102 EID50 unit of the virus + 40 μg of the peptide

V1P2 102 EID50 unit of the virus + 80 μg of the peptide

V1P3 102 EID50 unit of the virus + 160 μg of the peptide

V2P1 104 EID50 unit of the virus + 40 μg of the peptide

V2P2 104 EID50unit of the virus + 80 μg of the peptide

V2P3 104 EID50unit of the virus + 160 μg of the peptide

V3P1 106 EID50 unit of the virus + 40 μg of the peptide

V3P2 106 EID50 unit of the virus + 80 μg of the peptide

V3P3 106 EID50 unit of the virus + 160 μg of the peptide

Abbreviations: EID50: Embryo infective dose 50; C: Control; V: Virus; P: Peptide. 
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the virus control groups (CV1, CV2, and CV3), as ex-
pected. Table 3 presents the results in detail.

Macroscopic and histopathologic lesions ob-
served in embryos

After four days of incubation and determination of the 
number of live and dead embryos, they were checked for 
visible gross lesions. Based on these findings, the em-
bryos in the virus controls (CV1, CV2, CV3), V3P1, and 
V3P2 were dwarf, featherless, and had visible hemor-
rhagic lesions in some cases. In contrast, the embryos 
in the remaining groups were larger, feathered, and had 
no visible lesions (V1, V2, and V3P3). Figure 2 shows 
prominent macroscopic findings in some groups. 

After checking for gross lesions, all embryos were pro-
cessed and stained with hematoxylin and eosin (H&E) 
for microscopic studies. The results showed lesions in 
different organs in the virus control groups (CV1, CV2, 
and CV3), V3P1, and V3P2. The lesions were more se-
vere in the virus control groups, while no significant his-
topathological lesions were observed in the other groups. 
Table 4 and Figure 3 show the histopathological findings 
in detail.

Histopathological evaluation demonstrated that the tar-
get organs were significantly significantly in CV1, CV2, 
CV3, V3P1, and V3P2 (Table 4): 

The major histopathological findings in the brains 
of the control group included large vacuolation of the 
neuropil (spongiosis), which was established by edema. 
Moreover, the blood vessels were congested, and isch-
emic neuronal changes were scattered throughout the 
parenchyma.

Massive hemorrhage and congestion in the large and 
small blood vessels appeared in the renal and perirenal 
adipose tissues. Intensive tubular necrosis with deep eo-
sinophilic staining was an outstanding finding. Glom-
eruli were relatively spared from influential damage and 
the interstitium was invaded by a large population of in-
flammatory cells, mainly mononuclear cells.  Intensive 
hemorrhage with focal to diffuse hepatocellular degen-
eration or necrosis with marked congestion of the central 
veins, small-sized blood vessels, and sinusoids were ob-
vious in the liver. Large pulmonary vascular congestion 
with hemorrhage in the interstitium was accompanied by 
large numbers of inflammatory cells in the pulmonary 
parenchyma. Furthermore, primitive parabronchi had 
highly exfoliated epithelial cells in their lumen. 

Table 2. All groups of cell culture system

Groups Treatment

C No treatment for cell control

CV Control of the virus (106 EID50)

CP1 Control for 40 μg of the peptide 

CP2 Control for 80 μg of the peptide

CP3 Control for 160 μg of the peptide

V1P1 102 EID50 unit of the virus + 40 μg of the peptide

V1P2 102 EID50 unit of the virus + 80 μg of the peptide

V1P3 102 EID50 unit of the virus + 160 μg of the peptide

V2P1 104 EID50 unit of the virus + 40 μg of the peptide

V2P2 104 EID50 unit of the virus + 80 μg of the peptide

V2P3 104 EID50 unit of the virus + 160 μg of the peptide

V3P1 106 EID50 unit of the virus + 40 μg of the peptide

V3P2 106 EID50 unit of the virus + 80 μg of the peptide

V3P1 106 EID50 unit of the virus + 160 μg of the peptide

Abbreviations: EID50: Embryo infective dose 50; C: Control; V: Virus; P: Peptide.
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In the eyeball, continuous hemorrhage along the cho-
roid layers with extensive edema was striking. More-
over, severe disruption of the retinal pigmented epitheli-
um or even compete detachment in some embryosit was 
not identified in the microscopic evaluation. Eventually, 
hemorrhage and congestion were observed in dermal 
and hypodermal layers, with degraded collagen fibers 
in the integument. Other organs with minimal changes 
were the spleen and intestine, in which the red pulp was 
filled with erythrocytes, and necrotic villi were detected 
in only some intestinal tissues. 

No noticeable changes were observed in other organs, 
such as the gizzard, proventriculus, or musculoskeletal 
system. All organs had a normal architecture similar to 
the negative control group in the peptide and peptide-
virus treatment groups. However, mild to moderate con-
gestion was observed in the V1P1-3, V2P1-3, and V3P3 
groups, and scant infiltration of inflammatory cells was 

present around the central veins with mild hyperplasia of 
the bile ducts in the liver.

Cytotoxicity assay 

We tested different peptide and virus concentrations 
and studied the mixtures at 570 nm wavelength. The 
results (Figure 4) showed that the peptide concentra-
tion increased in V1 (V1P1, V1P2, and V1P3) and V2 
(V2P1, V2P2, and V2P3) groups leading to a decrease 
in cell viability. All cell viability percentages in the V1 
group were lower than those in the V2. In the V3 groups 
(V3P1, V3P2, and V3P3), unlike V1 and V2, the in-
crease in peptide concentration caused an increase in cell 
viability. 

In the peptide controls (CP1, CP2, and CP3), cell vi-
ability decreased with an increase in the amount of pep-
tide. Cell viability was lowest in the virus control group 
(Figure 4).

Table 3. Number of live and dead embryos in each group

Groups
No. %

Live Embryos Dead Embryos Livability 

C 10 0 100

CS 10 0 100

CV1 0 10 0

CV2 0 10 0

CV3 0 10 0

CP1 10 0 100

CP2 10 0 100

CP3 10 0 100

V1P1 10 0 100

V1P2 10 0 100

V1P3 10 0 100

V2P1 10 0 100

V2P2 9 1 90

V2P3 10 0 100

V3P1 0 10 0

V3P2 0 10 0

V3P3 8 2 80

Abbreviations: C: Control; V: Virus; P: Peptide.
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Computational modeling

We used the SWISS-MODEL and PEP-FOLD web 
servers to estimate the viral projections and peptide 
shapes. Then we used the ClusPro web server to evalu-
ate the docking complexes. Figure 5 (A&B) shows the 
docking complexes and putative interactions between 
the receptor and ligand amino acids. Molecular docking 
showed 5, 7, and 13 possible interactions between the 
peptide and viral M2 ion channel, HA, and NA glyco-
proteins.

Discussion   

The H9N2 subtype of AIV can cause direct and indirect 
losses in the poultry industry and can be transferred to 
humans, which is a public health issue (Mostafa et al., 
2018; Ali et al., 2019; Perez DR et al., 2019; Swayne et 
al., 2020). Due to the highly mutative nature of the virus, 
resistance to current chemical drugs is a common finding 
(Jones et al., 2006). Since chemical drugs have several 
side effects (Anand et al., 2019), there is an immediate 
need for a new group of anti-influenza drugs with less 

Table 4. Histopathological lesions of the groups

Tissue/
Group C CS CV1 CV2 CV3 CP1 CP2 CP3 V1P1 V1P2 V1P3 V2P1 V2P2 V2P3 V3P1 V3P2 V3P3

CNS 0 0 3 3 3 0 0 0 1 1 0 1 1 0 3 2 0

Eyeball 1 0 3 3 3 1 0 1 2 1 1 1 1 0 3 2 0

Lung 0 0 3 3 3 0 0 0 1 0 0 1 0 0 3 3 0

Liver 0 0 3 3 3 0 0 0 0 0 0 0 0 0 3 3 0

Kidney 0 0 3 3 3 0 0 0 0 0 0 0 0 0 3 3 0

Skin 0 0 3 3 3 0 0 0 1 0 0 0 1 0 3 2 1

Proven-
triculus 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0

Intestine 0 1 0 1 1 0 0 0 0 0 0 0 0 0 3 2 0

Spleen 0 0 3 3 3 0 0 0 1 1 1 0 0 0 3 2 1

Abbreviations: C: Control; V: Virus; P: Peptide; CNS: Central nervous system. 

Note: Virus: 3 to 1 maximum to minimum concentration; (3: High concentration: 2: Medium concentration: 1: Low concentra-
tion); Control; Peptide: 3 to 1 maximum to minimum concentration (3: High concentration: 2: Medium concentration: 1: Low 
concentration); Pathological observation: (3: Intensive: 2: Moderate: 1: Mild: 0: None).

Figure 1. A) The cartoon structure of cLFchimera (Green: cLFampin, Orange: Lysine, Blue: cLFcin, Red: Histidine tag) 

B) The sequence of the peptide
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viral resistance and side effects (Sala et al., 2019). For 
this purpose, many studies have focused on different 
drug candidates; one group includes AMPs with anti-in-
fluenza properties with broad-spectrum activity (Kang et 
al., 2017). This study evaluated the anti-influenza effects 
of a novel chimeric peptide, cLF-chimera, on the H9N2 
subtype in embryonated eggs and MDCK cells.

The in ovo model is a standard method evaluating the 
probable anti-influenza activities of different drug candi-
dates. It is ethical compared to laboratory animal models 
and is on the edge of in vitro and in vivo models (Ghoke 
et al., 2018). This study’s data from embryonated egg in-
jections (Table 3) showed that the embryos were highly 
livable without distinct macroscopic lesions (Figure 2) 
in the peptide control groups. This result is comparable 
to Michálek et al.’s results that used melittin as an AMP 
at a concentration of 2 μM, which did not severely affect 
embryo vitality, and the embryos did not have macro-
scopic lesions (Michálek et al., 2015). In addition, the 
histopathological findings in peptide control groups 
were similar to those of negative control and saline con-
trol, without any significant changes (Table 4 and Figure 
3). Based on the above data, it can be inferred that the 
peptide was not toxic to the embryos at the given doses. 

In the virus control groups, embryo mortality was 
100% (Table 3). The embryos were dwarf and feath-
erless, with visible hemorrhagic lesions in some cases 
(Figure 2). AIVs cause pathological changes in chick-

en embryos via apoptosis and necrosis (Ahmadi et al., 
2018), and histopathological findings contribute to viral 
damage. In our study, histopathological results in virus 
control groups revealed that (Table 4 and Figure 3), ex-
cept for the gastrointestinal tract with minimal lesions, 
the other main infected organs were prominently affect-
ed and severely damaged. This result is comparable to 
Shah et al.’s, who evaluated the potential effect of three 
herbal extracts on the H9N2 subtype in embryos. In their 
study, positive controls were severely damaged in differ-
ent organs (Liver, spleen, bursa) (Shah et al., 2021). The 
virus is harmful to embryos at the given doses. 

Our results revealed that the embryos were livable in 
all V1 and V2 groups (Table 3), without distinct macro-
scopic lesions (Figure 2). The histopathological findings 
in all these groups showed mild lesions in some cases 
(Table 4 and Figure 3). According to the results, the pep-
tide in all V1 and V2 groups at given doses could pre-
vent the adverse effects of different virus concentrations 
in ovo. These data (especially embryo survival rate) are 
comparable with those of the study by Sauerbrei et al. on 
the H9N2 subtype (Sauerbrei et al., 2006). In this study, 
four anti-influenza drugs were evaluated against 102 and 
1 EID50 units of the virus: Amantadine, rimantadine, 
oseltamivir, and zanamivir, with the highest embryo sur-
vival rates of 21.9% for adamantanes and 50% for neur-
aminidase inhibitors (Sauerbrei et al., 2006). 

Figure 2. Prominent macroscopic findings of the embryos (A: C, B: CV3, C: CP3, D: V1P1, E: V2P1, F: V3P3)
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In the V3P1 and V3P2 groups, the embryo survival rate 
is zero (Table 3), and embryos are dwarf and featherless, 
with apparent macroscopic lesions (such as hemorrhagic 
lesions) in some cases (Figure 2). Histopathologically, 
severe lesions were detected in these groups (similar to 
virus controls, but the lesions were less severe, and the 
V3P2 group had less severe lesions than the V3P1) (Ta-
ble 4 and Figure 3). These data also indicated that low 
and medium peptide concentrations could not entirely 
prevent destructive viral effects in embryos. In the V3P3 
group, the survival rate is very high (except for deaths 
due to injection errors) (Table 3), and the embryos have 
no noticeable macroscopic lesions (Figure 2). From a 
histopathological point of view, the findings are similar 
to those of the peptide control, negative control, saline 

control, and all V1 and V2 groups (Table 4) without any 
significant changes (Figure 3). Based on the data ob-
tained from the V3 group, it is deduced that the peptide 
could prevent the adverse effects of the virus in a dose-
dependent manner. 

The MTT assay is a color-based assay that evaluates 
the metabolic activity of cells. The assay is routine, easy, 
and advantageous for animal cell lines (Tolosa et al., 
2015). According to the results obtained from the MTT 
assay in the peptide control groups (Figure 4), cell vi-
ability decreased as the peptide dose increased. This re-
sult suggested that the peptide is toxic to the cell line in a 
dose-dependent manner. These data are consistent with 
previous studies on different antiviral peptides in differ-

A)

C)

B)

D)
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Figure 3. Histopathological lesions in some groups

A) C & CS groups, normal structures of chicken embryo

Note: Brain: Neuropil is intact (a). Eyeball: A few thin-walled vessels are congested in the choroid layer. RPE (retinal pigmented epithe-
lium) is continuously preserved. (b). Lung: primitive parabronchi (PB) with cuboidal epithelium embedded in slightly alveolar (loose 
fibrous) connective tissue (c). Liver: large blood vessels and sinusoids are clear and only a few vessels are congested in a lesser extent (d). 
Kidney: The glomeruli, and tubules were normal, and some blood vessels were congested (e). Skin: normal architecture of feather follicles 
and epidermal-dermal structure (f). HE. Scale bar (a-f) 400 µm.  

B) Virus control groups (CV1, CV2, CV3)

Note: Brain: Status spongiosis of the neuropil (vacoulation). The blood vessels are intensively congested. The prevascular spaces are sig-
nificantly extended by edema (arrows) (a). Eyeball: The retinal pigmented epithelial layer (RPE) is completely detached, and the choroid 
is extensively congested and hemorrhagic (arrows) (b). Lung: intensive vascular congestion of the vessels and accumulation of red blood 
cells and inflammatory cells in the parenchyma. The epithelial cells of parabronchi are largely desquamated into the lumen (arrows) (c). 
Liver: Massive congestion of central veins and hemorrhage in the parenchyma (arrows). The spaces of Disse are impacted with erythro-
cytes and focal areas of hepatocellular degeneration or necrosis are evident (d). Kidney: Renal disruption with intensive hemorrhage in 
the parenchyma and perirenal tissue (H) along with necrosis of tubular epithelial cells that are markedly hyalinized (arrows). A large focal 
population of inflammatory cells was present (asterisks). Scant degeneration of glomeruli (g) is observed (e). Skin: Widespread bleeding 
and congestion of the vessels in the dermis with prominent mononuclear cell infiltration (f). HE. Scale bar: 150 µm and (b-f) 400 µm.  

C) Protein control groups (CP1, CP2, CP3) 

Note: Brain; normal architecture of neuropil (a). Eyeball: A few microvessels are in the choroid layer engorged with erythrocytes (arrow). 
The retinal pigmented epithelial layer (RPE) is intact (arrowheads) (b). Lung: Parabronchi are normal, and some vessels are markedly 
congested (c). Liver: The structure is normal. A few central veins are dilated (d). Kidney: Normal renal structure with large, thin-walled, 
congested blood vessels (e). Skin: Normal anatomy of epidermal-dermal layer (f). HE. Scale bar (A-F) 400 µm.

D)Virus protein groups (V1P1, V1P2, V1P3), intact and normal structures of all histological specimens

Note: Brain (a), Eyeball (b), Lung (c), Liver (d), Kidney (e), and Skin (f). HE. Scale bar (a-f) 400 µm.

E) Virus protein groups (V2P1, V2P2, V2P3), all tissue structures in normal position

Note: Brain (a), eyeball (b), lung (c), liver (d), kidney (e), and skin (f). HE. Scale bar (a-f) 400 µm.

F) Virus protein groups (V3P1 & V3P2)

Note: Brain: Status spongiosis of neuropil. Marked small and medium-sized blood vessel congestion with relatively large perivascular 
edematous spaces (a). Eyeball: The choroid is extremely wide with a large amount of edema. In the outermost choroid layer, a chain 
structure of microvessels is highly congested, and the retinal pigmented epithelium is strongly disrupted (b). Lung: The disorganized ar-
chitecture of pulmonary parenchyma. The parabronchial epithelial lining is necrotic and exfoliated into the lumen. The interstitial tissue is 
invaded by inflammatory and red blood cells, and most of the air capillaries and vessels are congested (c). Liver: Extensive hemorrhage in 
parenchyma and severe congestion from Disse spaces to large blood vessels. Also, a smaller population of inflammatory cells among the 
erythrocytes are dispersed in the parenchyma (d). Kidney: Massive necrosis of tubular cells, designated as intense eosinophilic structures 
(e). Skin: Tiny to large blood vessels are highly impacted by red blood cells and hemorrhage admixed with inflammatory cells, principally 
at the dermal-epidermal junction. Collagen fibers are degenerated in the deep dermal layer (f). HE. Scale bar (A-F) 400 µm.

G) Virus protein group (V3P3) normal histological architecture of all organs is demonstrated

Note: Only mild to moderate congestion in the liver (d), kidney (e), skin (f), brain (a), eyeball (b), and lung (c), HE, scale bar (A-F) 400 µm.

E) F)
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ent cell lines (Sala et al., 2019; De Angelis et al., 2021). 
Overall, our results indicated that the peptide was toxic 
to the cell line, but not to the embryo. This difference 
can result from a lack of defense mechanisms and higher 
sensitivity of cells in the cell culture system compared to 
the body (Hartung, 2007). 

We also discovered that the virus control group had the 
lowest percentage of cell viability (Table 5). The low 
percentage may be due to the virus’s cytopathic effects 
(CPE) (Chen et al., 2022). These data show that both the 
peptide and the virus harmed cell viability, but the virus’s 
effect is much higher. 

Our study showed that in the V1 groups, cell viability 
decreased as the peptide dose increased, and V1P1 had 
the best cell viability (Figure 4). The cell viability per-
centage of these groups is lower than the same dose of 
peptide controls. However, it is higher than virus control 
(except V1P3, which is higher than P3 alone, but with 
a minimum difference) (Figure 4). The peptide in the 
V1P3 group can block the viral effect, and the remain-
ing peptide has lower toxicity than P3 alone. As the viral 
dose is constant in these groups, it is more probable that 
the decrease in cell viability is related to peptide toxic-
ity. Simultaneously, the peptide can partially prevent the 
destructive effects of the virus.

The data from V2 groups are similar to those of V1, 
but all cell viability percentages are higher (Figure 4). 
In these groups, like V1, the amount of virus is constant; 
the decrease in cell vitality is related to peptide toxicity. 
Compared to the virus control, in the V2 groups, the pep-
tide partially inhibited the harmful effects of the virus. 

In the V3 groups, our data showed that, unlike V1 and 
V2, the increase in the peptide dose caused an increase 
in cell viability (Figure 4). All percentages were higher 
than those of the virus control but lower than those of 
the peptide controls. Because the virus concentration is 
constant, the decrease in V3P1 and V3P2 is much higher 
than in previous groups, and it is close to the virus con-
trol; it might primarily result from a viral cytopathogenic 
effect (CPE). However, the peptide could partially block 
the virus’s adverse effects even in this group.

Based on the data obtained in these three groups, the 
peptide can be inferred to inhibit destructive viral effects 
in all groups. Our study also revealed that the optimum 
peptide dose in the V1, V2, and V3 groups were V1P1, 
V2P1, and V3P3, respectively. 

Molecular docking is a drug design procedure that 
anticipates the binding form and mimics the molecular 
interaction between a ligand and receptor (Fan et al., 
2019). In our study, we evaluated the interaction be-
tween the peptide, viral surface glycoproteins (HA and 
NA), and M2 ion channels by molecular docking to de-

Figure 4. Cell viability in different groups correlated to peptide and virus concentrations

*P<0.05; ****P<0.00001, Ns: P>0.05.
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B

A

Figure 5. A) The results of molecular docking between the peptide, the virus M2 ion channel, and HA glycoprotein 

Note: A & B, M2 ion channel; Green, the M2 ion channel; deep green, amino acid residues of M2 at interaction site; violet, the 
peptide; deep blue, amino acid residues of the peptide at interaction site; C & D, HA glycoprotein; cyan, the HA glycoprotein; 
green, amino acid residues of HA at interaction site; violet, the peptide; deep blue, amino acid residues of the peptide at inter-
action site.

B) The results of molecular docking between the peptide and the virus NA glycoprotein 

Note: E & F: Wheat, the NA glycoprotein; deep pink, amino acid residues of NA at interaction site; violet, the peptide; deep 
blue, amino acid residues of the peptide at interaction site.
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termine the probable mechanism of action of the peptide. 
According to the docking results (Figure 5), the M2 ion 
channel has five possible interactions with the peptide. 
According to the previous studies on Adamantane’s ac-
tion mechanism, amino acid residue ASP-44 is a site of 
action for these drugs (Rosenberg & Casarotto 2010; Öz-
bil, 2019). Thus, the peptide may mimic Adamantane’s 
action mechanism by blocking the M2 ion channel (Fig-
ures 5A and 5B). 

The docking complex between the peptide and viral 
HA showed seven potential peptide attachment residues. 
Based on previous studies on drugs that block the HA 
glycoprotein, amino acids ASN-153 and ARG-131 are 
in the receptor-binding site of HA1 (Yang et al., 2013). 
Therefore, the peptide may prevent the virus from at-
taching to cellular receptors (Figures 5C and 5D). 

Our docking results also showed 13 possible interac-
tion sites between the peptide and viral NA glycoprotein 
(Figures 5E and 5F). Based on previous studies on NA 
blockers, none of these interaction sites play a role in 
blocking NA glycoproteins. However, due to the high 
number of potential attachment sites, further studies are 
required, which can be a subject for future studies on 
cLF-chimeras. 

Finally, AMPs, such as cLF-chimeras, can have differ-
ent potential modes of action. Some action mechanisms 
include inhibition of virus attachment and cell mem-
brane fusion, disruption of the viral envelope, inhibi-
tion of viral replication, and other probable mechanisms 
(Skalickova et al., 2015). Therefore, the anti-influenza 
effect of the peptide in this study can be due to a combi-
nation of the mechanisms above.

The cLF-chimera has also proven its effects against 
bacteria participating in respiratory complexes (Tan-
haiean et al., 2018a; Tanhaieian et al., 2018b; Roshanak 
et al., 2020; Tanhaeian & Sekhavati et al., 2020). This 
study also suggests that this peptide has potential anti-in-
fluenza properties. Since the H9N2 subtype can mainly 
cause respiratory disease in poultry (Nili & Asasi, 2003; 
Swayne et al., 2020) and flu-like, mild, primarily respi-
ratory illness in human populations (Liu et al., 2018; 
Song & Qin, 2020), the peptide can affect viruses and 
other secondary bacteria. Compared to common anti-
influenza drugs, this broad-spectrum impact is advanta-
geous for the peptide.

In most viral respiratory diseases, the primary viral 
agents are accompanied by secondary infections (Seto 
et al., 2013, Swayne et al., 2020). However, further stud-

ies are needed to explain these peptides’ potential pros 
and cons as drug candidates. This study elucidates some 
peptide characteristics with some undefined questions 
regarding its novelty: How to use it in vivo? how can we 
determine its precise dosage and the exact mechanism of 
action? These topics are beyond the scope of this study 
but can be evaluated in future studies.
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مقاله پژوهشی

اثر بازدارندگی cLF-chimera، یک پپتید ضدمیکروب نوترکیب، بر ویروس آنفولانزای پرندگان، 
H9N2 تحت تیپ

* نویسنده مسئول: 
دکتر جمشید رزمیار

نشانی: تهران، دانشگاه تهران، دانشکده دامپزشکی، گروه بیماریهای پرندگان.
 jrazmyar@ut.ac.ir:رایانامه

، جمشید رزمیار1  ، امید دزفولیان4  ، عباس برین3  ، سید مصطفی پیغمبری1  ، محمد هادی سخاوتی2  معین خدایاری1 

1. گروه بیماریهای پرندگان، دانشکده دامپزشکی، دانشگاه تهران، تهران، ایران.
2. گروه علوم دامی، دانشکده کشاورزی، دانشگاه فردوسی مشهد، مشهد، ایران.

3. گروه آسیب شناسی بالینی، دانشکده دامپزشکی، دانشگاه تهران، تهران، ایران.
4. گروه پاتوبیولوژی، دانشکده دامپزشکی، دانشگاه لرستان، خرم آباد، ایران.

زمینه مطالعه: ویروس آنفولانزای پرندگان تحت تیپ H9N2 شایع‌ترین تحت تیپ ویروس آنفولانزا در ماکیان سراسر جهان است. این 
تحت تیپ باعث ایجاد ضررهای اقتصادی به صنعت پرورش ماکیان شده و قابلیت سرایت به انسان را دارد. در حال حاضر 2 گروه عمده 
داروهای ضدآنفولانزا یعنی آدامانتان‌ها و مهار کننده‌های نورآمینیداز برای درمان این تحت تیپ در حال استفاده هستند. پپتیدهای 
ضدمیکروب که در سالیان اخیر استفاده از آن‌ها به دلیل مقاومت نسبت به داروهای ضدآنفولانزا رو به افزایش بوده‌است، دسته‌ای از 
ترکیبات کاندید احتمالی برای درمان آنفولانزا با طیف اثر وسیع هستند. cLF-chimera یک پپتید ضد‌میکروب است که از لاکتوفرین 

شیر شتر سنتز شده‌است.
هدف: هدف این مطالعه بررسی اثرات بازدارندگی cLF-chimera بر روی تحت تیپ H9N2 ویروس آنفولانزای پرندگان می‌باشد. 

روش کار: برای این منظور 170 عدد تخم‌مرغ جنین‌دار 11 روزه SPF به طور تصادفی در 17 گروه توزیع شدند. غلظت‌های مختلف 
پپتید و ویروس به تخم‌مرغ‌ها تزریق شده و تخم‌مرغ‌ها به مدت 4 روزهمراه با کندلینگ روزانه به منظور بررسی میزان زنده‌مانی جنین‌ها 
انکوبه شدند. در روز چهارم، جنین‌های زنده و مرده در هر گروه جدا شده و از لحاظ وجود ضایعات ماکروسکوپیک ارزیابی شدند. 
سپس برای مطالعات هیستوپاتولوژیک، جنین‌ها به مدت یک هفته در فرمالین 10% نگهداری شدند. همچنین تست MTT هم برای 

غلظت‌های مختلف ویروس و پپتید انجام شد.
نتایج: روی هم رفته نتایج مربوط به درصد زنده‌مانی جنین‌ها، ارزیابی‌های ماکروسکوپیک و هیستوپاتولوژیک نشان دادند که پپتید دارای 
اثرات بازدارندگی علیه ویروس می‌باشد. این نتایج با نتایج حاصل از تست MTT تایید‌شدند. علاوه‌بر‌این، پپتید دارای اثرات ضد‌میکروبی 

علیه باکتری‌های پاتوژن می‌باشد که در مقایسه با داروهای ضدآنفولانزای رایج می‌تواند به عنوان یک مزیت درنظر گرفته‌شود. 
نتیجه‌گیری نهایی: طبق نتایج ذکر‌شده، cLF-chimea دارای اثر بازدارندگی علیه ویروس آنفولانزای تحت تیپ H9N2 می‌باشد.

cLF-chimera ؛ هیستوپاتولوژی؛H9N2 کلیدواژه‌ها: آنفولانزای پرندگان؛ پپتید ضد‌میکروب؛ تحت تیپ
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