
Design, screening, and characterization of optimized DHODH inhibitors[1]

• with improved drug-like properties and target engagement

• with potent antiviral activity against DNA and RNA viruses as well as a retrovirus

• synergistic effects in combination with nucleoside analogs

• that reduce SARS-CoV-2 viral load in mice and influenza-virus replication in human lung tissue
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Background

Compound optimization of vidofludimus calcium

Inhibition of influenza A virus in lung tissue

• Dihydroorotate dehydrogenase (DHODH) catalyzes the 

rate-limiting step of the de novo pyrimidine synthesis

• Direct effect on virus replication[2]

• Direct inhibition of hyperactive immune cells[2]

• Secondary activation of interferon-stimulated genes[3]

• Vidofludimus calcium (VidoCa): 

• orally bioavailable small molecule 

• Currently investigated in phase 2 and 3 trials for 

multiple sclerosis[4,5] and post-COVID syndrome[6]

Improved inhibition of SARS-CoV-2 replication

SARS-CoV-2 inhibition in a mouse model

Drug interaction with nucleoside analogs

• Introduction of bioisosters, modifications at the central phenyl ring, and variations of the 5-membered ring system lead to 

improved potency

• Modifications at the central phenyl ring resulted in the elimination of species specificity 

• Deuteration and modifications at the central phenyl ring improvement of pharmacokinetic properties

→ Optimization resulted in a large chemical space with >300 novel DHODH inhibitors

→ Compound optimization resulted in a more than 10,000-fold improvement of SARS-CoV-2 inhibition in vitro

Broad-spectrum antiviral activity

Baltimore VidoCa (nM) 1738 (nM) 1864 (nM)

non-enveloped

HAdV I
6400

350 0.4

enveloped

CMV I 7000 670 -

MPXV I 700 58.2 0.5

SARS-CoV-2 IV 5200 330 1.0

CoV-229E IV - 172 3.4

CoV-OC43 IV - 172 4.1

ZIKV IV - 470 44.2

IAV V 2200 460 3.0

MeV V - 295 3.1

RSV V - 19.9 -

HIV-1 VI 2100 8.7 0.001

→ Inhibition of non-enveloped and 

enveloped viruses

→ Inhibition of DNA and RNA viruses

→ Inhibition of a retrovirus

→ The optimized DHODH inhibitor 1864 inhibits influenza virus 

replication in human lung tissue and reduces the release of 

pro-inflammatory cytokines

Female K18-hACE mice, 25 mg/kg/bid molnupiravir, 50 mg/kg/bid DHODH inhibitor 1414,

or combination of both; analysis 4 dpi. Histopathological analysis using H&E staining.

Quantification of infectious virus via plaque assay applying an anti-spike antibody.
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→ Combination of the DHODH inhibitor 1414 with a nucleoside analog has a beneficial effect on reduction of tissue 

damage compared to single treatment in vivo 
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Human airway epithelial cells (hAECs) treated with DHODH inhibitor from the basolateral 

site, 3x104 PFU SARS-CoV-2 from the apical site; 48 hpi

→ Optimized DHODH inhibitors potently restrict SARS-CoV-2 replication at nanomolar to sub-nanomolar 

concentrations

Human precision cut lung slices (PCLs), A/H1N1/California/4/2009pandemic, 72 hpi; 

in collaboration with Fraunhofer ITEM, Hannover.
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→ Optimized DHODH inhibitors act synergistically with nucleoside analogs in vitro


