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Abstract 
 

   Relatively little is known about the inflammatory mediators and mechanisms that drive the 

progression of influenza flu infection to cytokine storm, lung dysfunction, organ failure, and ul-

timately death. Vaccines and antiviral medications cannot control the excessive host inflammato-

ry response associated with severe influenza flu infection. 

   Studies by Elgebaly et al demonstrated the rapid release of a potent inflammatory mediator, re-

cently named Nourin, by local mammalian tissues in response to injury and infection. Nourin is a 

formyl peptide that acts through the formyl peptide receptor (FPR) on phagocytic leukocytes. As 

an initial signal in the innate immunity, Nourin stimulates leukocyte chemotaxis, induces acute and 

chronic inflammation, and stimulates the release of a number of the cytokine storm mediators 

from monocytes, neutrophils and endothelial cells. Furthermore, Nourin detected in plasma sam-

ples from patients with severe influenza infection was much higher compared to moderate influen-

za.  

   The Nourin antagonist, Cyclosporin H, is a potent anti-inflammatory compound, which acts as 

a specific competitive antagonist of formyl peptides on the formyl peptide receptor (FPR) on 

phagocytic leukocytes. Cyclosporin H completely blocked neutrophil chemotaxis induced by: (a) 

the standard formyl peptide, f-MLF, (b) the Staphylococcus aureus bacteria-derived formyl pep-

tide Phenol-soluble modulins, such as PSM3a, plus(c) the host-derived Nourin released by: (1) 

cultured epithelial cells infected with the PR8 H1N1 influenza virus for 6 to 24 hours, (2) Nourin 

detected in the serum of mouse model of H1N1 Swine flu influenza infection for 6 hours , along 

with (3) Nourin detected in plasma samples collected from severe and moderate influenza pa-

tients.  Furthermore, in-vivo treatment by Cyclosporin H in the mouse model of H1N1 Swine flu 

influenza infection for 5 days markedly reduced lung inflammation and endothelial cell dam-

age.  Thus, two clinical applications for Nourin and its antagonist Cyclosporin H are proposed:   

   Diagnostic Application: The blood Nourin test can be used as a key inflammatory biomarker for 

“early” detection and monitoring of influenza flu patients proceeding to hyperactive inflamma-

tion and, thus, permitting early crucial anti-inflammatory therapy. 

Therapeutic Application: Cyclosporin H will specifically block Nourin as an important initial stim-

ulant of cytokine mediators, and thus can control the development and progression of cytokine 

storm plus organ inflammation, which usually initiates 3 to 8 days post influenza. Since Cyclo-

sporin H does not target the virus, it will not develop drug resistance and will reduce the host un-

controlled inflammatory response, induced by both new strains of flu viruses and existing viruses 

with mutations.  

Keywords: Influenza Flu virus, Cytokine Storm, Formyl Peptide Nourin, Formyl Peptide Recep-

tor, Formyl Peptide Competitive Antagonist, Cyclosporin H, Anti-Inflammatory Therapy, Diag-

nostic Inflammatory Biomarker, Methicillin-resistant Staph. aureus (MRSA). 
 

Introduction 
       A zoonotic disease is a disease that can 

be passed between animals and humans. Zo-

onotic diseases can be caused by viruses, 

bacteria, parasites, and fungi. These diseases 

are very common. Scientists estimate that 

more than 6 out of every 10 infectious dis-

eases in humans are spread from animals. 
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Avian influenza (AI) is an infectious viral 

disease of birds (especially wild water fowl 

such as ducks and geese) which has also 

been reported to cross the species barrier 

and cause disease in humans. The highly 

pathogenic avian influenza flu virus A 

(H5N1) is still a potential threat to public 

health worldwide with pandemic potential, 

because it continues to circulate widely in 

some poultry populations, most humans 

likely have no immunity to them, and they 

can cause severe disease and death in hu-

mans. While vaccines and antiviral drugs are 

currently used to treat influenza flu patients, 

anti-inflammatory therapy could offer a new 

strategy to treat the host-overactive inflam-

mation associated with influenza flu virus 

infection.   

   The clinical manifestations associated with 

H1N1 infection in humans range from 

asymptomatic infection to mild upper res-

piratory illness, severe pneumonia, and mul-

tiple organ failure. Influenza A virus infec-

tion is still a major cause of respiratory tract 

infection in Egyptian children (Adel Khattab 

et al, 2013).  It should be considered in all 

cases with cough and febrile episodes, and 

influenza-like symptoms, even post Swine 

flu pandemic. 

   Background: The Nourin family represents 

a group of 3 KDa formyl peptides released 

by local tissues in response to diverse types 

of injury (Elgebaly et al, 2016 Review, Elge-

baly et al, 1987; 1989; Kozol et al, 1989; Ru-

by et al, 1990; Elgebaly et al, 1991; 1994; 

2002; Christenson et al, 2004; Elgebaly et al, 

2010; Elgebaly et al, 2012).  In earlier publi-

cations, Nourin was referred to as “tissue-

derived neutrophil chemotactic factor”.  

   Nourin is released in response to injury 

such as ischemia, chemical agents (hydrogen 

peroxide, sodium hydroxide, and citric acid), 

physical trauma (scraping), ultraviolet expo-

sure, vitamin A deficiency with minor phys-

ical injury, shear stress pressure, infectious 

agents, including bacterial endotoxin and 

influenza flu virus (Elgebaly et al, 2010; 

Elgebaly et al, 2012).   

   Although Nourin released by various tis-

sues shared the 3 KDa molecular weight 

with the common motif of formyl-methionyl 

at N-terminus that acts through the formyl 

peptide receptor (FPR) on leukocytes yet, 

they differ in their isoelectric points, organic 

solubility, heat sensitivity, and mode of re-

lease (Elgebaly, 1997; 2010; Elgebaly et al, 

2010). To date, the many tissues studied that 

release Nourin in response to injury include: 

heart, coronary arteries, vein grafts, cornea, 

conjunctiva, retina, stomach, urinary blad-

der, brain and spinal cord, as well as cul-

tured corneal endothelial cells, kidney epi-

thelial cells, and human bladder fibroblasts 

(Elgebaly et al, 2010; 2012).   

   In-vitro, Nourin stimulates leukocyte 

chemotaxis and the release of a number of 

cytokine and chemokine mediators as well 

as digestive enzymes and free radicals by 

human monocytes, neutrophils and vascular 

endothelial cells (Elgebaly et al, 1989; 1992; 

1993; Tyles et al, 1994; 1995).  These inclu- 

ded: interleukin-1 (IL-1β), interleukin-8 (IL-

8), tumor necrosis factor (TNF-α), adhesion 

molecules by neutrophils (LECAM) and 

human aortic endothelial cells (ICAM-1and 

ELAM-1), collagenase type IV, N-acetyl-B-

glucosaminidase, gelatinases and superoxide 

anion.  

   In-vivo, the injection of tissue-derived 

Nourin induced acute and chronic inflamma-

tory responses.  For example: (a) cardiac-

derived Nourin injected into rabbit skin re-

sulted in acute inflammation within 30 

minutes to 24 hours (Elgebaly et al, 1992), 

(b) corneal-derived Nourin injected into 

rabbit corneas resulted in acute inflamma-

tion with 2 hours characterized by neutrophil 

infiltration and edema (Allam et al, 1990), 

and (c) conjunctival-derived Nourin injected 

into rabbit conjunctiva resulted in acute and 

chronic inflammation characterized by leu-

kocyte infiltration and deposition of fibrin 

and collagen (Ehlers et al, 1990; 1991). 

     Since Nourin is rapidly released by in-

jured tissue and stimulates leukocyte chemo-

taxis and the secretion of a number of cyto-

http://www.sciencedirect.com/science/article/pii/S1995764513601200
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kine and chemokine mediators as well as 

digestive enzymes and free radicals charac-

teristic of cytokine storms, it is believed that 

Nourin plays an important role as an “initial 

signal” in the cascade of events that lead to 

the initiation and amplification of leukocyte 

recruitment and activation leading to severe 

inflammation and tissue damage.  Further-

more, since Nourin contributes to the induc-

tion of tissue acute and chronic inflammato-

ry responses, it can be characterized as an 

Alarmin and used as a crucial therapeutic 

target. 

   Cyclosporin H (Cook, 1983; Wenzel-

Seifert, 1991; Bavandi et al, 1992; Wenzel-

Seifert et al, 1993; De Paulis et al, 1996) is a 

member of competitive antagonists of the 

formyl peptide receptor (FPR) on leuko-

cytes. It was reported that Cyclosporin H is 

a potent anti-inflammatory agent since it 

significantly inhibits FMLP-induced neutro-

phil and basophil chemotaxis and superox-

ide anion (O2-) formation.  Unlike Cyclo-

sporin, A which is an immunosuppressant, 

Cyclosporin H is not recognized as an im-

munosuppressor (Cook, 1983; Wenzel-

Seifert, 1991; Bavandi et al, 1992; Wenzel-

Seifert et al, 1993; De Paulis et al, 1996).  

Specifically, Cook RM, 1983 demonstrated 

that oral administration of the immunosup-

pressive fungal metabolite Cyclosporin A 

increased the mortality of Balb/c mice in-

fected intra-nasally with influenza A/Hong 

Kong/1/68 (H3N2) virus. Cyclosporin A al-

so increased the amount of virus that could 

be recovered from the lungs of infected 

mice, and delayed the rate at which it was 

eliminated (Cook, 1983).  

  The present study demonstrated that Cyclo-

sporin H and other members of competitive 

antagonists of the formyl peptide receptor 

(FPR) on leukocytes including t-Boc-

FLFLF, Spinorphin and the soluble FPR 

fragment 17 aa loop peptide have markedly 

inhibited Nourin-induced leukocyte chemo-

taxis in-vitro (Elgebaly et al, 2010; 2012).  

The study also demonstrated that the Nourin 

release by injured tissues is not influenced 

by the treatment of anti-inflammatory drugs 

such as steroids and NSAIDS (Ibuprofen) 

(Elgebaly et al, 1988; 1994; Tyles et al, 

1994).  Alcohol treatment, on the other hand, 

reduced the levels of Nourin by ischemical-

ly-injured gastric tissue (Kozol et al, 1989). 

Interestingly, the treatment by Cyclocreatine 

and Cyclocreatine phosphate preserved high 

levels of Adenosine Triphosphate (ATP) in 

ischemic heart tissue, reduced the formation 

of Nourin by ischemic myocardium and 

markedly reduced post-ischemic cardiac in-

flammation. In fact, myocardial persevera-

tion of during ischemia by Cyclocreatine 

and Cyclocreatine phosphate resulted in sig-

nificant restoration of cardiac function dur-

ing reperfusion (Elgebaly et al, 2016).     

   Hypothesis: The influenza virus infection of 

airway epithelial cells will trigger cell injury 

and the release of proinflammatory mediators 

including the formyl peptide Nourin and that 

the Nourin antagonist Cyclosporin H will in-

hibit Nourin’s chemotactic activity in-vitro 

and reduce lung inflammation in-vivo.  

   Objectives: 1- To determine the in-vitro re-

lease of the formyl peptide Nourin in superna-

tant solutions of cultured epithelial cells 

(MDCK) infected with the H1N1 influenza 

virus (PR8) for 1 to 24 hrs. 2- To determine 

the in-vivo release of the formyl peptide Nou-

rin in serum samples of mice infected with the 

H1N1 influenza virus for only 6 hours. 3- To 

establish the detection of the formyl peptide 

Nourin in plasma samples of patients with se-

vere and moderate influenza flu infection and 

whether there is a differential Nourin levels 

between severe and moderate influenza pa-

tients infected with the H1N1 influenza virus.  

4- To determine whether the formyl peptide 

antagonist, Cyclosporin H, inhibits in-vitro 

leukocyte chemotactic activity stimulated by 

Nourin in response to influenza flu infection 

in cultured epithelial cells (MDCK), mice and 

patients. 5- To determine whether the formyl 

peptide competitive antagonist, Cyclosporin 

H, inhibits lung inflammation in-vivo in the 

mouse model of H1N1 Swine flu influenza 

infection for 5 days. 6- To determine whether 
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the formyl peptide antagonist Cyclosporin H 

inhibits in-vitro leukocyte chemotactic activi-

ty stimulated by the potent formyl peptide 

chemotactic factor Phenol-soluble modulins, 

PSM3a, released by the S. aureus bacteria. 

   Methodology: 1- Cultured Epithelial Cell 

Studies: Cultured epithelial MDCK cells 

were infected with H1N1 (PR8) influenza 

virus for 1, 3, 6, 12, & 24 hrs.  Each H1N1 

infected cell supernatant was assayed both in 

the presence and absence of the formyl pep-

tide specific antagonist Cyclosporin H (5x10
-

6
M). Supernatant solutions were evaluated 

for chemotactic activity both undiluted (neat) 

and diluted 1/10 in hanks balance salt solution 

(HBSS). Samples were assayed for chemotac-

tic activity using standard Neuroprobe chemo-

taxis system (Gaithersburg, Maryland) and 

human leukocytes as indicator cells. 

2- Mice In-vivo Studies: Balb/C female, 5 

weeks old mice (n=4) were anesthetized with 

isofluorane and intranasaly inoculated with 

10 MLD50 of WSN (mouse adapted A/ 

WSN/33 strain, H1N1) in 50ul PBS (designat-

ed WSN-1 thru WSN-4). Four mice received 

sham treatment (control group) without H1N1 

virus (designated Mock-1 thru Mock-4). Six 

hours post virus or sham treatment, blood 

samples were collected from mice and the se-

rum was stored at -70
o
C until used for chemo-

taxis assay to determine the level of Nourin 

chemotactic activity and the ability of its an-

tagonist Cyclosporin H (5x10
-6

M) to inhibit 

that activity. Serum samples were diluted in 

HBSS at a dilution of 1/7.  

3-  Influenza Patients’ Studies: This prelimi-

nary study was conducted on severe H1N1 

influenza flu patients admitted to the ICU 

with encephalopathy or respiratory failure as 

well as moderate influenza patients and pa-

tients with RSV who were admitted to the 

hospital with fever or wheezing.   The plasma 

samples were obtained from five patients 

with severe H1N1 influenza flu and three 

moderate patients with H1N1 influenza flu, 

as well as from two patients with respiratory 

syncytial virus (RSV) infection. The presence 

and level of Nourin-stimulated chemotactic 

activity in plasma samples were measured 

after dilution 1/9 in HBSS in the presence 

and absence of the Nourin inhibitor Cyclo-

sporin H at 10
-5

M.   

4- Mice Cyclosporin H Anti-inflammatory 

Studies: To specifically test the ability of 

Cyclosporin H to inhibit lung inflammation 

in-vivo in the H1N1 Swine influence flu 

mouse model mice (n=5) were treated with 

Cyclosporin H at 700ug/mouse/day (35 mg/ 

kg in mouse) which is equivalent to the low 

dose of 2.8 mg/kg/day for human.  Cyclo-

sporin H was administered via intraperitone-

al injections (IP) twice daily every 12 hours 

for one day prior to influenza inoculation 

and then twice daily for the next 5 days.  

Control mice (n=5) received saline and it 

was admistered via intraperitoneal injections 

(IP) twice daily every 12 hours for one day 

prior to influenza inoculation and then twice 

daily for the next 5 days.  The Cyclosporin H 

treated mice and control saline-treated mice 

were sacrificed at day 5 and lungs were re-

moved and processed for histological analy-

sis (Elgebaly et al, 2010; 2012).    

5- Methicillin-resistant S. aureus (MRSA) 

limited study caused sepsis in hospitals and 

communities (CA-MRSA).  Phenol-soluble 

modulins such as PSM3a are formyl pep-

tides secreted by S. aureus bacteria as key 

Methicillin-resistant Staph. aureus (MRSA) 

infections cause sepsis in hospitals and 

communities (CA-MRSA) and they have 

potent leukocyte chemotactic activity for the 

phagocytic leukocyte.  Since S. aureus in-

fection also results in over-active host in-

flammatory response (cytokine storms), 

formation of tiny blood clots leading to tis-

sue ischemia, organ failure and death, the 

study tested whether Cyclosporin H (10
-4

M 

& 10
-5

M) as a formyl peptide competitive 

antagonist on leukocyte FPR would inhibit 

PSM3a-induced chemotactic activity in-

vitro.  

Results and Discussion 
  The study showed that treating human leu-

kocytes with Cyclosporin H at 10
-4

M & 10
-5 

M as a formyl peptide competitive antago-
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nist on leukocyte FPR significantly inhibit-

edfMLP-induced chemotactic activity in-

vitro (Fig. 1).  Cultured Epithelial Cell Stud-

ies: Nourin was released by cultured canine 

epithelial MDCK cells in response to infec-

tion with the influenza H1N1 (PR8) virus 

for 1 hour (2.5-fold control value) and con-

tinued for an additional 24 hours.  Nourin 

chemotactic activity was inhibited back to 

control value by Cyclosporin H (5x10
-6

 M) 

treatment in-vitro (Elgebaly et al, 2010; 

2012).   

   Mice in-vivo studies: higher levels of Nou-

rin (Fig. 2) were detected in serum samples 

collected from mice infected with the Swine 

flu H1N1 virus for 6 hours compared to the 

control group (Elgebaly et al, 2010; 2012). 

Cyclosporin H (5x10
-6

M) treatment of the 

mouse serum samples significantly inhibited 

Nourin chemotactic activity, all the way 

back to baseline values.  

   Influenza patients’ studies - high level of 

Nourin was detected in plasma samples col-

lected from patients with severe and moder-

ate influenza infection and to a lesser extent 

in patients with respiratory syncytial virus 

(RSV) infection.  The Nourin level in severe 

influenza patients was double the level in 

plasma samples collected from the moderate 

patients (Figure 3).  Furthermore, the Nourin 

competitive antagonist, Cyclosporin H, at 

10
-5

M significantly inhibited neutrophil 

chemotaxis induced by host-derived Nourin, 

as detected in all influenza patients’ sam-

ples.  

  Mice Cyclosporin H anti-inflammatory 

studies, demonstrated that treating mice in-

fected with the Swine flu H1N1 virus with 

Cyclosporin H for 5 days significantly re-

duced lung inflammation as described in 

Figure 4.  There was less leukocyte infiltra-

tion into the lung tissues of the Cyclosporin 

H-treated lungs compared to the H1N1 in-

fluenza saline-treated mice, evident through 

reduced perivascular lymphocytic infiltrates, 

reduced perivascular neutrophil infiltrate 

and pavementing and reduced endothelial 

cell damage.   

Unlike Cyclosporin A, which was reported 

to increase the amount of influenza virus 

that could be recovered from the lungs of 

infected mice (Cook, 1983), the present re-

sult showed that Cyclosporin H did not 

change the viral load in the infected mice at 

day 5, when compared to control group, 

supporting that Cyclosporin H is not an im-

munosuppressor.  Accordingly, this prelimi-

nary study suggests that: a- Cyclosporin H 

does not target the influenza virus, since it 

did not reduce the viral titer; meanwhile 

there is a reduction in inflammation and ne-

crosis,  b- Cyclosporin H reduced inflamma-

tion by blocking the action of the formyl in-

flammatory mediator “Nourin”, which was 

early released by 6 hours in response to viral 

infection, c- Cyclosporin H is not an immu-

nosuppressor, because it did not increase 

viral replication when it was administered 

one day before influenza viral inoculation 

and continued for an additional 5 days. 

   Methicillin-resistant S. aureus (MRSA) 

limited study demonstrated that Cyclosporin 

H at concentration of 10
-4

M inhibited leuko-

cyte chemotactic activity induced by PSM3a 

by more than 90% and by 50%. at a concen-

tration of 10
-5

M (Fig. 5).   .  
 

Conclusion 
 

   The outcome results proved the rapid and 

sustained release of the formyl peptide in-

flammatory mediator Nourin both in-vitro 

using cultured epithelial cells, and in-vivo in 

mice after H1N1 influenza flu infection.  Fur-

thermore, higher levels of Nourin were de-

tected in the influenza patients’ plasma sam-

ples from severe influenza compared to pa-

tients with moderate influenza flu. Cyclospor-

in H inhibits leukocyte chemotactic activity 

induced in-vitro by Nourin detected in cul-

tured epithelial cell supernatant solutions and 

mouse sera after H1N1 influenza flu infec-

tion, and plasma samples from patients with 

severe and moderate H1N1 influenza infec-

tion.  Cyclosporin H also markedly inhibited 

leukocyte chemotactic activity induced by S. 

aureus formyl peptide product PSM3a. 
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   In-vivo, daily treatment of Cyclosporin H 

for 5 days inhibited lung inflammation in 

mice infected with the Swine H1N1 influenza 

flu virus.  Cyclosporin H did not target the 

influenza virus and did not reduce the mice 

immunity, but rather specifically blocked the 

activity of the inflammatory Nourin, result-

ing in less lung inflammation.   

   It is still not clear what are the endogenous 

inflammatory mediators that modulate the 

initial inflammatory responses (innate im-

munity) during Swine H1N1 influenza flu 

infection and Staph. aureus infection and 

forces the immune system into overload 

causing organ failures and in some cases 

death.  Even less is known about the early 

immune cascade of events that tilt the bal-

ance to either immune protection with reso-

lution and recovery or to the devastating 

overactive inflammatory response led to 

immunopathology disease and death(Fig. 6).   

   Since Nourin is rapidly released by local 

tissues in response to injury and infections, 

plus it stimulates the release of high levels 

of cytokine storm mediators (IL-8, IL-1β, 

TNF-α, adhesion molecules, free radicals, 

and digestive enzymes) by neutrophils, 

monocytes, and vascular endothelial cells, it 

might likely “amplify” the host inflammato-

ry response leading to immunopathology 

and diseases, which are characterized by cy-

tokines dysfunction, organ failure, and ulti-

mately death (Fig. 6).   Nourin can, there-

fore, be considered an endogenous therapeu-

tic target. 
   Future diagnostic and therapeutic applica-

tions are as follows: A- The blood Nourin test 

can be used as a key inflammatory biomarker 

for early detection and monitoring of influ-

enza flu patients proceeding to hyperactive 

inflammation and, thus, permitting early 

crucial anti-inflammatory therapy. B - Cy-

closporin H will have the advantage of 

blocking Nourin as an “early” key mediator 

and control the “development” and “pro-

gression” of inflammation and cytokine 

storm initiated 3-8 days post influenza (Fig. 

7).  Additional advantages of Cyclosporin H 

include: 1- Unlike the concern of not mak-

ing enough vaccines to protect significant 

numbers of people, Cyclosporin H is a small 

molecule and can be easily prepared in large 

scale for worldwide consumption, at a low 

cost. 2- Unlike antiviral drugs, such as 

Tamiflu, which target the virus, Cyclosporin 

H did not change the viral load indicating 

that Cyclosporin H will not develop drug 

resistance and it will continue to reduce the 

host uncontrolled inflammatory response 

induced by new strains of flu viruses and 

existing viruses with mutations. 3- Unlike 

Tamiflu, which must be taken within one to 

two days after the appearance of symptoms, 

Cyclosporin H does not have this strict time 

limitation and it can be administered both 

shortly after symptoms, as well as days after 

infection to combat cytokine storms initiated 

between days 3 & 8 post influenza. 4- Un-

like current cortisone treatments, which can 

cause immunosuppression and subject pa-

tients to additional infections and cancer, 

Cyclosporin H will specifically inhibit the 

tissue-derived inflammatory mediator “Nou-

rin”, which induces tissue inflammation and 

cytokine storms without affecting the host 

defense immune system. 
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Explanation of Figures 
Fig. 1: Cyclosporin H (10-4M and 10-5M) inhibits chemotactic activity of human leukocytes induced by chemotactic factor fMLP. 

Fig. 2: Cyclosporin H (5x10-6M) inhibits chemotactic activity in mouse sera from mice 6 hours after inoculation with Swine H1N1 influenza 

flu virus. 
Fig.3: Cyclosporin H (10-5M) inhibits leukocyte chemotactic activity induced by Nourin detected in plasmas from influenza patients with 

severe, moderated and RSV infection. 
Fig. 4:  Lungs of saline and Cyclosporin H treated mice infected with Swine H1N1 influenza flu virus. 

Fig. 5: Cyclosporin H (10-4M & 10-5M) inhibits leukocyte chemotactic activity by PSM3a released by S. aureus bacteria 

Fig. 6: Immunopathology during severe viral and bacterial infection.  
Fig. 7: Proposed mechanism of cytokine storm evoked by influenza virus and role of Cyclosporin H & current therapies, modified (Oster-

holm, 2005).  
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