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Abstract 

 

Aviptadil, a synthetic form of human Vasoactive Intestinal Peptide (VIP) has been granted FDA Fast Track 

Designation for the treatment of Critical COVID-19 with respiratory failure and is now in phase 2/3 clinical 

trials, with initial determinations of safety and non-futility. Rapid recovery from Critical COVID-19 with 

respiratory failure as been seen in multiple patients treated with open label VIP under FDA Emergency Use 

IND.  VIP binds uniquely to receptors on Alveolar Type II cells in the lung, the same cells that bind the 

SARS-CoV-2 virus via their ACE2 receptors. VIP protects those cells and the surrounding pulmonary 

epithelium by blocking cytokines, preventing apoptosis, and upregulating the production of surfactant, the 

loss of which is increasingly implicated in COVID-19 respiratory failure. Because of its lack of toxicity and 

low cost of manufacture compared to proprietary biologics, VIP may be uniquely attractive to those focused 

on global countermeasures against COVID-19. 
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Vasoactive Intestinal Peptide (VIP) has been granted Fast Track Designation by FDA for the treatment of 

Critical COVID-19 with respiratory failure by FDA and has shown initial promise in FDA phase 2/3 clinical 

trials. Unfortunately, VIP has long been seen as an unattractive candidate for pharmaceutical development 

owing to its generic status as a natural peptide and its low cost of production, which limit its commercial 

potential and profitability. VIP may, however, be uniquely attractive from a global health perspective to 

combat the worst public health crisis since Spanish Flu killed more people than combat during World War I. 

VIP may also be the only candidate in human trials that could be produced at a cost structure that is 

compatible with the needs of the developing world.  

Fifty years ago, Nature published a short report entitled “Potent peripheral and splanchnic vasodilator 

peptide from normal gut,” published by two young scientists working at the Karolinska Institute (Said, Mutt, 

1970). Five decades of subsequent research documented VIP’s role as a potent natural anti-cytokine that has 

unique capability to block pathways of cell death in Alveolar Type II (ATII) cells – the cell targeted by the 

SARS-CoV-2 virus.  Clinical reports are now emerging which document rapid recovery from Critical 

COVID-19 with respiratory failure within 

days of administering intravenous RLF-100 

(Aviptadil), a formulation of VIP approved 

by the US FDA for human administration 

under Investigational New Drug (IND) 

149,152, which has treated more than 60 

patients (www.clinicaltrials.gov NCT 

04311697).  The Data Monitoring 

Committee of the clinical trial, in examining 

data on the first 30 patients has identified no 

safety concerns and determined that the trial 

has potential (i.e. non-futility) to detect a 

statistically significant difference in recovery 

from respiratory failure in Critical COVID-

19 in those treated with Aviptadil vs. placebo 

(online only attachment 1).  

Although the FDA phase 2/3 clinical trials 

remain blinded, some patients have been 

treated under open label Emergency Use 

IND on a named-patient basis. Rapid 

clearing of pneumonitis has been 

documented on radiography (Figure 1) with 

concurrent improvement in oxygenation and 

patient transition from intensive care with 

mechanical ventilation to home discharge on 

room air within days of IV infusion.  It is 

hoped that this rapid recovery will be found 

to occur more frequently in patients treated with Aviptadil than in those treated with placebo.   Recently, a 

German research group published similar findings from a patient with checkpoint inhibitor-induced 

pneumonitis who was treated with inhaled VIP (Frye 2020). 

Acute respiratory failure is the primary cause of death in COVID-19. The injury is generally attributed to 

cytokine storm – i.e. a massive release of inflammatory cytokines as viral particles infect and then cause 

rupture of pulmonary epithelium cells. However, the cytokine storm is only produced after the SARS-CoV-

2 virus enters the ATII  cell through binding of its spike protein to Angiotensin Converting Enzyme 2 

(ACE2) surface receptors (Mason 2020).  ACE2 is not present on Type I alveolar cells, which comprise 

Figure 1: Rapid recovery from Critical COVID-19 with 
respiratory failure in a patient with immunosuppressive agents 
for graft rejection following double lung transplantation. 
Treated under FDA emergency use IND. Reprinted under CC 
license from Youssef 2020. 

http://www.clinicaltrials.gov/
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95% of the pulmonary epithelium and those cells are not infected by the corona virus. Similarly, only the 

ATII cell expresses the VPAC1 receptor to which VIP binds. VIP is shown to prevent their apoptosis in 

models of lung injury (Onoue, 2004). Hence, VIP represents a highly specific approach to rescuing the lung 

from the overwhelming failure of oxygenation seen in COVID-19 (figure 2). 

Although VIP was once 

viewed as a promising drug and 

substantial resources were 

invested in elucidating its 

pharmacokinetics, toxicology, and 

safety pharmacology, its proposed 

uses in sarcoid and sepsis-related 

ARDS were not sufficiently 

compelling commercial targets to 

generate investment from major 

pharmaceutical companies. 

Aviptadil is seen as a “million 

dollar” drug in a world that 

invests in only “billon dollar” 

drugs.  

Pulmonary drugs are 

notoriously difficult to develop, 

given regulatory requirements for 

long-term inhaled toxicology 

studies in multiple species, 

including primates (Tepper 2016). 

FDA has asserted that these 

preclinical toxicology 

requirements must be observed in 

the case of candidate drugs to 

treat COVID-19. VIP, on the 

other hand, completed four-

species toxicology and safety 

pharmacology studies in both 

intravenous and inhaled dosage. 

Phase 2 trials in sarcoidosis 

(Prasse 2010), pulmonary 

hypertension (Leuchte 2008), 

pulmonary fibrosis, and 

allergy/asthma document that VIP 

has no major toxicities when 

inhaled at doses of 300µg/day.  On July 14, 2020, FDA granted an IND for the study of inhaled VIP in the 

treatment of severe COVID-19 that has not yet progressed to respiratory failure in the hopes of preventing 

respiratory failure and ICU admission in such patients (NCT 04360096).  

Vasoactive Intestinal Peptide (VIP) was first proposed as a modulator of lung inflammation by Said (Said 

1988, 1991). VIP is known to have a beneficial effect in numerous models of lung injury (table 1) at the 

above doses. It has demonstrated clinical effects in clinical trials of sepsis-related Acute Respiratory 

Distress Syndrome (ARDS) and Sarcoid. Meaningful reduction in TNF-α and CD4/CD8 ratio was seen in 

sarcoid (Prasse 2010).  

Figure 2: Potential mechanism of VIP in protecting the pulmonary Alveolar 
Type II cell. 
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Table 1: Effect of VIP in experimental models of acute lung injury  

Species Etiology of lung injury References 

Rat NDMD induced lung injury w/ arginine Said 1996, Said & Dickman 2000 

Rat Xanthine/xanthine oxidase-induced lung injury in perfused 
lungs 

Berisha 1990, Misra 1990 

Guinea Pig Paraquat (methyl viologen) Pakbaz 1993, Said & Dickman 2000 

Rat Hydrochloric acid induced pulmonary edema Foda 1988 

Sheep Intravenous infusion of platelet-activating factor Pakbaz 1988 

Dog Intravenous infusion of platelet-activating factor Pakbaz 1988 

Guinea Pig Phospholipase C Pakbaz 1991 

Rat Cobra venom factor model of septic shock Mulligan 1992 

 

Although named (or mis-named) for the intestinal 

tissue in which it was first isolated, VIP is produced 

by neuroendocrine cells throughout the body and by 

T-lymphocytes, B-lymphocytes, and macrophages. 

VIP is highly localized in the lung (Figure 3: Virgolini 

1995) but is a widely distributed immunomodulator 

with protective effects in heart,  thyroid gland, kidney, 

immune system, urinary tract and genital organs.  

Early COVID-19 lung injury is characterized by a 

remarkable degree of hypoxia in the absence of 

overwhelming pneumonia, suggesting a primary 

injury to the pulmonary gas-exchange mechanism.  

Patients frequently report “crackling sounds” while 

attempting to breathe, consistent with the theory that 

loss of surfactant and alveolar gas exchange is an 

early hallmark of COVID-19. Unlike synthetic anti-

cytokines, such as anti-IL6 drugs, VIP is shown to 

have a specific role in preserving surfactant 

production in the lung (Li 2004, Li 2010) and in protecting type 2 alveolar cells. Accordingly, VIP and 

longer acting modifications of VIP have been proposed in the past as respiratory therapeutics (Mathioudakis 

2013).  

Scientific Rationale for VIP effect in COVID-19 

Preservation of pulmonary tissue: 

Three studies validate the protective role of VIP on isolated and transplanted lung models. Isolated rat lungs 

stored in VIP- containing solutions had significantly more normal shaped mitochondria, less mitochondrial 

edema, less distortion of mitochondrial cristae, thinner basal lamina, and less aggregation of nuclear 

chromatin than lungs stored in control solutions (Alessandrini 1993). VIP significantly delayed the onset of 

edematous lung injury in isolated perfused rat lungs (Pakbaz 1994). VIP was effective in preventing 

ischemia-reperfusion injury in an in vivo rat lung transplantation model as demonstrated by improved 

pulmonary function (Nagahiro 1998). 

Inhibition of Apoptosis: One of the main features of coronavirus lung injury is destruction of the alveolar 

epithelium, with severe damage to the alveolar capillary barrier and major increase in alveolar capillary 

permeability. Alveolar epithelium of patients who die from lung injury is notable for evidence of DNA 

fragmentation. Extensive alveolar epithelial cell apoptosis is found in murine models of lipopolysaccharide-

Figure 3. Concentration of VIP in the lung on scintigraphy: 
Virgolini 1995, reproduced with permission 



 

Javitt: VIP saves the ATII cell P a g e  | 5 

induced lung injury (Matute-Bello 2003). There are two independent cell death pathways involved in the 

destruction of lung cells in ARDS – the Fas/Fas ligand and the perforin/granzyme system (Hashimoto 

2000). Several lines of evidence point to the Fas/Fas ligand system as an underlying mechanism responsible 

for the epithelial cell apoptosis in acute lung injury and ARDS (Albertine 2002). The Fas/Fas ligand system 

is comprised of the cell membrane surface receptor Fas (CD95) and its ligand. Alveolar and airway 

epithelial cells express Fas on their surface and the expression of Fas in epithelial cells increases in response 

to inflammatory mediators. Soluble Fas ligand is present in bronchio-alveolar lavage fluids of patients with 

early ARDS and reaches higher concentrations in the lung fluids of patients who die. This detected Fas 

ligand is biologically active and causes apoptosis in normal human lung epithelial cells (Matute-Bello 1999). 

VIP is a potent inhibitor of Fas ligand expression and has been shown to inhibit Fas ligand-mediated cell 

death (Delagado 1998, 1999).  

The second cell death pathway relevant to ARDS and COVID-19 lung injury acts via degranulation of serine 

proteases (i.e. granzymes), together with the pore-forming protein perforin, to induce rapid death of the 

target cells (Hashimoto 2000). VIP is a proven inhibitor of activation-induced perforin, as well as of 

granzyme B and therefore actively contributes to the reduction of deleterious proinflammatory and cell 

death-inducing processes, particularly in the lungs (Sharma 2006). Caspase-3, has been identified as a key 

mediator of apoptosis in mammalian cells via its role in cleaving a variety of substrate proteins and inducing 

DNA fragmentation. In animal models of ALI, caspase activity is significantly increased compared to its 

activity in normal lungs and VIP is shown to suppress caspase activation (Said & Dickman, 2000).  

Decreased Pulmonary Inflammation: During the early phase of ALI, the lung is the site of an intense 

inflammatory process with sequential activation of cytokines, chemokines, and secretion of proteases, as 

well as concomitant collagen synthesis. Evidence of an acute inflammatory reaction in the alveolar-

microvascular area also includes recruitment and activation of inflammatory cells, increased production of 

toxic oxygen metabolites, nitric oxide, and a protein rich exudate in the air spaces. A key regulator involved 

in a variety of these processes is the nuclear transcription factor NF-κB. VIP has been shown to inhibit NF-

κB activation in numerous animal models of acute lung injury, which blocks the production of tumor 

necrosis factor alpha (TNF-α). (Delgado 1998).  

Effect of VIP on Surfactant Production: A pathologic hallmark of the ALI/ARDS is the damage to the 

surfactant-producing alveolar type II cells (Mossel 2008). These cells are characterized by Angiotensin 

Converting Enzyme 2 (ACE2) receptors on the cell surface and, therefore, may be particularly susceptible to 

SARS-CoV-2 virus infection.  Studies have demonstrated high density VIP binding sites on rat type II cells 

(Onoue, 2004). Li demonstrated that VIP increased the incorporation of methyl-choline into 

phosphatidylcholine -- the major component of the pulmonary surfactants -- by enhancing the activity of the 

enzyme choline-phosphate cytidylyltransferase (Li 2004). VIP upregulates C-Fos protein expression in 

cultured type II alveolar cells, which is instrumental in promoting synthesis of pulmonary surfactant 

phospholipids (Li 2007) and induces surfactant protein A expression in ATII cells through activation of 

PKC/c-Fos pathway.  

Conclusion: 

VIP shows promise as a pulmonary therapeutic agent with potential both to rescue patients from respiratory 

failure in Critical COVID-19 and perhaps to prevent respiratory failure from developing in the first place.  

VIP is the only pulmonary therapeutic to have been granted Fast Track status by the US FDA and to be 

allowed into both phase 2/3 clinical trials, as well as an expanded use protocol for those who are unable to 

enter the clinical trial because of excluded comorbidity. Humanity faces a lethal viral threat that specifically 

attacks the ATII cell required for pulmonary oxygenation. The highly specific role of VIP in the lung may 

be key to combating the targeted lethal effect of SARS-CoV-2 infection. Unlike synthetic anti-cytokine and 

interleukin drugs, VIP has no known human toxicity.  Because of its lack of toxicity and low cost of 

manufacture compared to proprietary biologics, VIP may be uniquely attractive to those focused on global 

countermeasures against COVID-19. 
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