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Role of Aviptadil in COVID-19
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Abstract: 

COVID-19 pandemic resulted in large number of death worldwide. Search for effective prevention
and treatment option is still evolving. Aviptadil, is a synthetic form of Human Vasoactive Intestinal
Polypeptide (VIP) tried in  the treatment  of COVID-19. It  is  available  for inhalational  and intra
venous use.  Treatment with Aviptadil showed promising results in  Corona virus infected critically
ill patients.
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Introduction

With  widespread  infection  and  increased  morbidity  and  mortality,  WHO  declared  COVID  19,
infection with SARS CoV-2, as pandemic on 11 March 2020 [1].  Scientific world is in a rigorous
effort to understand more about the disease process and effective treatment options. Hand hygiene,
use of masks and social distancing helps to control the spread of infection. Vaccinations have just
started. Hydroxychloroquine, favipiraviir, ritonavir/ lopinavir, remdisivir, tocillizumab etc are tried
in patients with COVID-19 with variable effects [2]. Aviptadil, a VIP analogue has been tried in
patients with COVID-19 with success. On 14 July 2020 FDA granted Investigational New Drug
(IND) permission for inhaled VIP and awarded FDA Orphan Drug Designation for intravenous VIP,
to use in patients with COVID-19. In this article we are reviewing the role of Aviptadil in COVID-
19.

Aviptadil

Aviptadil, also known as RLF-100, is a synthetic form of Human Vasoactive Intestinal Polypeptide
(VIP).  It is found useful in conditions like asthma, chronic obstructive pulmonary disease (COPD),
sarcoidosis, pulmonary fibrosis, acute lung injury, pulmonary hypertension, erectile dysfunction and
ARDS [3]. Recent studies showed that treatment with Aviptadil is associated with rapid recovery in 
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Corona virus infected critically ill patients [4,5,6].

Vasoactive Intestinal Peptide (VIP) and SARS-CoV-2

Vasoactive Intestinal Peptide (VIP) was discovered by Said and Mutt in 1970 [7]. It is a gut peptide
hormone, containing 28-residue amino acid peptides. VIP is mainly localized in the myenteric and
submucosal neurons and nerve terminals in the GI tract. It belongs to secretin/glucogon hormone
superfamily and is produced by neuroendocrine cells in the body, macrophages, B-lymphocytes and
T-lymphocytes [8,9]. VIP is widely distributed in the nervous system (both central and peripheral),
digestive, cardio vascular, respiratory and reproductive system. It exerts various effects in different
system.

VIP acts on two receptors - VPAC1 and VPAC2, which are class B of G-protein-coupled receptors
(GPCRs). VPAC1 is mainly present in the lung and T-lymphocytes, whereas VPAC2 is mainly seen
in the smooth muscle, mast cells and the basal parts of the lung mucosa [10].

VIP  is  highly  localised  in  lungs  (70%)  and  binds  with  alveolar  type  II  (AT  II)  cells  via
VPAC1[11,12]. AT II cells constitute only 5% of pulmonary epithelium. Angiotensin Converting
Enzyme 2 (ACE 2) surface receptors are present in AT II cells. AT II cells produces surfactant and
plays an important role in the maintenance of type 1 epithelial cells. SARS-CoV-2 enters into AT II
cells by binding to ACE 2 surface receptors with its spike protein [13].

Plasma level of VIP is higher in patients with severe COVID compared to healthy individuals and
those  with  mild  COVID-19 [14].  Survivors  of  COVID 19  had higher  circulating  level  of  VIP
compared to non-survivors, indicating its potential role controlling the disease severity.

Mechanism of action

VIP is highly concentrated in the lung and it blocks apoptosis, caspase-3 activation in the lung,
inhibits inflammatory cytokines like IL6 and TNF alpha production and reverses CD4/CD8 ratio.
VIP  increases  surfactant  production  by  up  regulation  of  choline  phosphate  cytidylyltransferase,
which increase the incorporation of methyl choline to phosphatidylcholine, the major components of
pulmonary surfactant [15]. It also up regulate C Fos protein expression in type II alveolar cells,
which increase the synthesis of pulmonary surfactant phospholipids and induce surfactant protein A
expression [16].

VIP reduces ischemia-reperfusion injury in animal models [17]. It reduces cell death by inhibiting
activation  induced  perforin,  granzyme  B  and  caspase  activity  [18,19].  VIP  reduces  pulmonary
inflammation by reducing the production of pro inflammatory cytokines [9]. It inhibits the synthesis
and activation of NF-kB, which block the production of TNF alpha [20].

In addition to that VIP blocks SARS-CoV-2 replication in the lungs and monocyte [8,9,21]. VIP and
pituitary adenylate cyclase activating polypeptide ( PACAP) inhibit SARS CoV-2 RNA synthesis in
human lung epithelial cell (by 41%) and human primary monocytes (by 33-45%) [9]. It also blocks
viral cytopathic effect demonstrated by reduced LDH release (by 40%).

SARS CoV-2 attack  mainly  type  II  cells  (not  type  1 pneumocytes)  and results  in  the death of
alveolar  type  II  (AT  11)  cells  which  produces  surfactant,  resulting  in  profound  defect  in
oxygenation,  leading to hypoxia [22]. Aviptadil  a synthetic form of VIP results in rapid clinical
recovery in patients with SARS-CoV-2 infection. (Figure 1: A- Normal alveolar type II (AT 11)
cells, B-After binding of SARS-CoV-2, C-Treatment with Aviptadil)
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Figure 1

Preparations

Aviptadil  is  available  both  as  intra  venous  and  inhalational  (nebulisation)  preparations.

Indication

Intravenous Aviptadil is given for critical COVID-19 disease with respiratory failure requiring high
flow  nasal  oxygen,  non-invasive  ventilation  or  mechanical  ventilation  whereas  inhalational
Aviptadil is given for moderate and severe COVID-19 as a part of the clinical trial.

Dose

Clinical  trial  is  going  on  with  both  inhaled  (Clinical  Trial  NCT0436009-  AVICOVID-2)  and
intravenous  (Clinical  Trial  NCT04311697-  COVID-AIV)  preparations.  Nebulized  RLF-100
(aviptadil)  100 μg is  given 3 times  daily  for  moderate  and severe COVID-19 and intravenous
Aviptadil is given as escalating doses from 50 -150 pmol/kg/hr over 12 hours for 3 days for Critical
COVID-19 patients with Respiratory Failure.

Pharmacological features

Aviptadil  has a volume of distribution of 14 ml/kg.  Its plasma half-life of elimination is 1 to 2
minutes.  It  is  excreted  via  kidney  (35%  within  4  hours  and  90%  within  24  hours).
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Drug interaction

There is no significant drug interaction.

Pregnancy

No data regarding the safety of Aviptadil during pregnancy. 

Adverse effects

Intra venous administration is associated with side effects like tachycardia, flushing, hypotension,
diarrhoea and alterations in ECG (bigeminy).

Clinical benefits

Report from Houston Methodist Hospital regarding rapid recovery of a double lung transplant (with
antibody-mediated rejection) patient with critical COVID-19 with respiratory failure is promising
[5]. Another 6 patients with critical COVID-19 with respiratory failure, treated with three successive
12 hour infusion of intravenous Aviptadil at 50/100/150 pmol/kg/hr along with other standard care
resulted rapid recovery.  Critical COVID-19 patients treated with Aviptadil shows rapid clearance of
pneumonia on chest X-ray, improvement in blood oxygen level and significant reduction (50% or
more) in laboratory inflammatory markers like ferritin, D-dimer, IL-6&TNF alpha [4]. Subsequent
reports from same team show dramatic recovery in 19 out of 21 patients from COVID-19 respiratory
failure with co morbidity, suggesting 9 fold advantages in survival and recovery from respiratory
failure  compared  to  standard  care  [6].  No  serious  adverse  events  reported  with  Aviptadil.
Hypotension and diarrhoea reported in few patients.

Other uses of Aviptadil

Aviptadil is found useful in conditions like Bronchial asthma, chronic obstructive pulmonary disease
(COPD), sarcoidosis, pulmonary fibrosis, pulmonary hypertension,  acute lung injury,  ARDS and
erectile  dysfunction  [3].  Vasoactive  intestinal  peptide  cause  bronchodilation  and protect  against
histamine  induced  bronchoconstriction  in  patients  with  bronchial  asthma  [23,24].  Inhibition  of
apoptosis of alveolar L2 cells resulting from cigarette smoke-induced cytotoxicity helps to arrest the
progression of the disease in patients with chronic obstructive pulmonary disease (COPD) [25,26].
In sarcoidosis, inhaled aviptadil reduce inflammation in the lungs by its immuno regulatory effect
[27].  In  patients  with  Pulmonary  Arterial  Hypertension  (PAH)  inhalation  of  Aviptadil  cause
pulmonary vasodilatory effect and results in mean pulmonary artery pressure reduction, increase in
the cardiac output and improvement in the mixed venous blood oxygenation [28]. Treatment with
inhaled VIP resulted in Rapid clearance of check point inhibitors induced pneumonitis [29]. In 2005,
a trial with aviptadil showed that out of 8 sepsis induced ARDS patients, 7 got recovered, in the
setting of an expected 40-60% mortality risk, due to its anti-cytokine effect [14]. Combination of
aviptadil  with  phentolamine  is  useful  as  an  intracavernosal  injection  therapy  for  patients  with
erectile  dysfunction  (ED).  Aviptadil  acts  on  veno  occlusive  mechanism  whereas  phentolamine
increases arterial blood flow, resulting in improvement in ED [30].

Conclusion

Synthetic VIP, Aviptadil is found to reduce viral replication in lung tissues, release of inflammatory
cytokines and alveolar epithelial  cell apoptosis in patients with corona virus infection.  On-going
clinical  trials  will  be  expected  to  through  more  light  into  the  role  of  Aviptadil  in  COVID-19.



Raveendran AV et al, “ Role of Aviptadil in COVID-19”                                                               81

References

1. World Health Organization.WHO Director-General’s opening remarks at the media briefing on
COVID19  -March  2020.  https://www.who.int/dg/speeches/detail/who-director-general-s-opening-
remarks-at-the-media-briefing-on-covid-19—11-march-2020  

2.  Siemieniuk  Reed,  Rochwerg  Bram,  Agoritsas  Thomas,  Lamontagne  François,  Leo  Yee-Sin,
Macdonald Helen et al. A living WHO guideline on drugs for covid-19 BMJ 2020; 370 :m3379

3. Jonathan C. Javitt, MD, MPH. Perspective: The Potential Role of Vasoactive Intestinal Peptide in
treating COVID-19. Authorea. May 13, 2020. DOI: 10.22541/au.158940764.42332418

4. Javitt, J. Youssef, J. Rapid Recovery in Six Patients with COVID-19 Respiratory Failure after
Treatment  with  Vasoactive  Intestinal  Peptide.  Preprints  2020,  2020080640  (doi:
10.20944/preprints202008.0640.v1)

5. Youssef, J.G.; Zahiruddin, F.; Al-Saadi, M.; Yau, S.; Goodarzi, A.; Huang, H.J.; Javitt, J.C. Brief
Report:  Rapid  Clinical  Recovery  from Critical  COVID-19  with  Respiratory  Failure  in  a  Lung
Transplant  Patient  Treated  with  Intravenous  Vasoactive  Intestinal  Peptide.  Preprints  2020,
2020070178 (doi: 10.20944/preprints202007.0178.v2).

6. Youssef, Jihad G. and Javitt, Jonathan and Lavin, Philip and Al-Saadi, Mukhtar and Zahiruddin,
Faisal and Beshay, Sarah and Bitar, Mohammad and Kelley, Joseph and Sayed, Mohi, VIP in the
Treatment of Critical COVID-19 With Respiratory Failure in Patients With Severe Comorbidity: A
Prospective  Externally-Controlled  Trial  (October  25,  2020).  Available  at  SSRN:
https://ssrn.com/abstract=3665228

7. Said SI, Mutt V. Potent peripheral and splanchnic vasodilator peptide from normal gut. Nature.
1970; 225: 863-864.

8. Li L, Hua S, Yue S, Luo Z, et. al., Vasoactive intestinal polypeptide induces surfactant protein A
expression in ATII cells through activation of PKC/c-Fos pathway. Peptides 2010;31(11):2016-2051

9. Mossel EC, Wang J, Jeffers S, et al. SARS-CoV replicates in primary human alveolar type II cell
cultures but not in type I-like cells. Virology 2008;372:127-135.

10.  Mathioudakis  A,  Chatzimavridou-Grigoriadou  V,  Evangelopoulou  E,  Mathioudakis  G.
Vasoactive intestinal Peptide inhaled agonists: potential role in respiratory therapeutics. Hippokratia.
2013 Jan;17(1):12-16

11. Virgolini,  A Kurtaran,  M RadererVasoactive  Intestinal  Peptide Receptor  ScintigraphyJ  Nucl
Med, issue 10, p. 1732 – 1739

12. Virgolini I, Kurtaran A, Raderer M, Leimer M, Angelberger P, Havlik E, Li S, Scheithauer W,
Niederle B, Valent P, et al. Vasoactive intestinal peptide receptor scintigraphy. J Nucl Med. 1995
Oct;36(10):1732-9. PMID: 7562036.

13. Mason R J. Pathogenesis of COVID-19 from a cell biology perspective. European Respiratory
Journal Apr 2020, 55 (4) 2000607; DOI: 10.1183/13993003.00607-2020

14. Youssef, J.G.; Said, S.; Youssef, G.; Javitt, M.J.; Javitt, J.C. Treatment of Acute Respiratory
Distress Syndrome with Vasoactive Intestinal Peptide. Preprints 2020, 2020070453 

BMH Medical Journal (ISSN 2348-392X), 8(2): 77-83 (2021)

https://ssrn.com/abstract=3665228


Raveendran AV et al, “ Role of Aviptadil in COVID-19”                                                               82

15. H Pakbaz, H Berisha, H Sharaf, H D Foda, S I SaidVIP enhances and nitric oxide synthase
inhibitor reduces survival of rat lungs perfused ex vivoAnn. N. Y. Acad. Sci, volume 723, p. 426 -
428

16. Li L, She H, Yue SJ, Qin XQ, Guan CX, Liu HJ, Luo ZQ. Role of c-fos gene in vasoactive
intestinal peptide promoted synthesis of pulmonary surfactant phospholipids. Regul Pept. 2007 May
3;140(3):117-24.  doi:  10.1016/j.regpep.2006.11.027.  Epub  2007  Jan  10.  PMID:  17218027.  

17.  I  Nagahiro,  M Yano, C H Boasquevisque,  S Fujino,  J  D Cooper,  G A PattersonVasoactive
intestinal peptide ameliorates reperfusion injury in rat lung transplantationJ. Heart Lung Transplant,
volume 17, p. 617 -621

18. V Sharma, M Delgado, D GaneaGranzyme B, a new player in activation-induced cell death is
downregulated by vasoactive intestinal peptide in Th2 but not Th1 effectorsJ Immunol, volume 176,
issue 1, p. 97 – 110

19. S I SaidVasoactive intestinal peptide in the lungAnn NY AcadSci, volume 527, p. 450 – 464

20. M Delgado, E J Munoz-Elias, Y Kan, I Gozes, M Fridkin, D E Brenneman, R P Gomariz, D
GaneaVasoactive  intestinal  peptide  and  pituitary  adenylatecyclase-activating  polypeptide  inhibit
tumor necrosis factor alpha transcriptional activation by regulating nuclear factor-kB and cAMP
response element-binding protein/c-JunJ. Biol. Chem, volume 273, p. 31427 – 31436.

21.  J  R Temerozo,  Q Sacramenta,  N Fintelman-Rodriques  The neuropeptides  VIP and PACAP
inhibit SARS-CoV-2 replication in monocytes and lung epithelial cells, decrease the production of
proinflammatory cytokines, and VIP levels are associated with survival in severe Covid-19 patients.
bioRxiv 2020.07.25.220806; doi: https://doi.org/10.1101/2020.07.25.220806

22.  Astuti  I,  Ysrafil.  Severe  Acute  Respiratory  Syndrome  Coronavirus  2  (SARS-CoV-2):  An
overview  of  viral  structure  and  host  response.  Diabetes  Metab  Syndr.  2020;14(4):407-412.
doi:10.1016/j.dsx.2020.04.020.

23.  Morice  A,  Unwin RJ,  Sever  PS.  Vasoactive  intestinal  peptide  causes  bronchodilatation  and
protects  against  histamine-induced  bronchoconstriction  in  asthmatic  subjects.  Lancet.  1983 Nov
26;2(8361):1225-7. doi: 10.1016/s0140-6736(83)91272-2. PMID: 6139572. 

24. Onoue S, Yamada S, Yajima T. Bioactive analogues and drug delivery systems of vasoactive
intestinal peptide (VIP) for the treatment of asthma/COPD. Peptides. 2007;28:1640–1650.

25. Onoue S, Ohmori Y, Endo K, Yamada S, Kimura R, Yajima T. Vasoactive intestinal peptide and
pituitary  adenylate  cyclase  activating  polypeptide  attenuate  the  cigarette  smoke  extract  induced
apoptotic death of rat alveolar L2 cells. Eur J Biochem. 2004; 271: 1757-1767.

26. Misaka S,  Sato H, Aoki  Y,  Mizumoto  T,  Onoue S,  Yamada S.  Novel  vasoactive  intestinal
peptide  derivatives  with  improved  stability  protect  rat  alveolar  L2  cells  from cigarette  smoke-
induced cytotoxicity and apoptosis. Peptides. 2011; 32: 401-407.

27.  Prasse  A,  Zissel  G,  Lützen  N,  Schupp  J,  Schmiedlin  R,  Gonzalez-Rey  E,  et  al.  Inhaled
vasoactive intestinal peptide exerts immunoregulatory effects in sarcoidosis. Am J Respir Crit Care
Med. 2010;182:540–548.

28. Leuchte HH, Baezner C, Baumgartner RA, Bevec D, Bacher G, Neurohr C, et al. Inhalation of
vasoactive intestinal peptide in pulmonary hypertension. Eur Respir J. 2008;32:1289–1294.

https://doi.org/10.1101/2020.07.25.220806


Raveendran AV et al, “ Role of Aviptadil in COVID-19”                                                               83

29. Frye BC, Meiss F, von Bubnoff D, Zissel G, Müller-Quernheim J. Vasoactive Intestinal Peptide
in Checkpoint Inhibitor-Induced Pneumonitis. N Engl J Med. 2020 Jun 25;382(26):2573-2574. doi:
10.1056/NEJMc2000343. PMID: 32579820.

30. Dinsmore WW, Wyllie MG. Vasoactive intestinal polypeptide/phentolamine for intracavernosal
injection  in  erectile  dysfunction.  BJU  Int.  2008  Sep;102(8):933-7.  doi:  10.1111/j.1464-
410X.2008.07764.x. Epub 2008 May 15. PMID: 18485029.

BMH Medical Journal (ISSN 2348-392X), 8(2): 77-83 (2021)


	Role of Aviptadil in COVID-19

