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In vitro evaluation of anti-influenza A virus activity of baloxavir
marboxil combined with FDA marketed drugs
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Abstract: Seasonal influenza caused by the influenza virus poses a serious threat to human health. The rapid
emergence of drug-resistant viral strains and the increasing incidence of novel infectious diseases underscore the
urgent need for researchers to develop innovative anti-influenza strategies and drugs. The identification of effective
drug combinations and the repurposing of existing drugs have gained traction as a potential avenue for antiviral
therapy. This study employed a high-throughput screening system for influenza A virus (IAV) inhibitors to identify
drug combinations that exhibit synergistic effects with baloxavir marboxil from FDA-approved and pharmacopeia-
listed compound libraries. The results showed that triprolidine, hydroquinine, and mexenone, which individually
display limited anti-influenza activity, exhibited synergistic effects when combined with baloxavir marboxil
markedly enhancing its anti-IAV potency in cells. Mechanistic studies indicated the synergistic effects of these drug
combinations with baloxavir marboxil were not attributed to the inhibition of IAV RNA dependent RNA
polymerase (RdRp) activity, suggesting that alternative mechanisms may be responsible for their enhanced effects.
This study provides preliminary evidence supporting the feasibility of this drug combination screening strategy and
offers a theoretical basis for improving the therapeutic potential of baloxavir marboxil through combination therapy.
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Combination with baloxavir marboxil
Figure 1 Screening of candidate compounds for combination with baloxavir marboxil. A: The inhibitory activities of the compounds
(10 umol-L™") against IAV A/WSN/33; B: The inhibitory activities of the compounds in combination with baloxavir marboxil against AV A/
WSN/33. IAV: Influenza A virus

Table 1 The candidate compounds with the highest rankings after screening and sorting

Product name Inhibition rate/% Inhibition ratio A Com inhibition rate/% Inhibition ratio B Inhibition ratio B/A
DMSO 0 1.00 26.42 1.36 1.36
Saquinavir (mesylate) 43.71 1.78 81.21 5.32 3.00
Triprolidine (hydrochloride monohydrate) 2.57 1.03 66.80 3.01 2.93
Hydroquinine 10.26 1.11 68.81 3.21 2.88
Phentolamine (mesylate) 3.96 1.04 65.65 291 2.80
Ajmalicine -21.36 0.82 55.36 2.24 2.72
Mexenone 3.94 1.04 63.15 2.71 2.61
Prednisolone acetate 22.80 1.30 69.96 3.33 2.57
Orbifloxacin -21.25 0.82 52.79 2.12 2.57
Exemestane 68.41 3.17 87.49 7.99 2.53
Orotic acid -4.47 0.96 58.52 241 2.52
Lercanidipine (hydrochloride) 33.45 1.50 72.96 3.70 2.46
Pirmenol (hydrochloride) -0.57 0.99 58.87 243 2.45
Grazoprevir 17.85 1.22 65.99 2.94 2.42
Vilanterol 50.26 2.01 78.59 4.67 2.32
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Figure 2 Dose-response curves (EC,, and CC,)) for the 4 compounds, namely baloxavir marboxil, mexenone, triprolidine, and
hydroquinine. A: EC,; values; B: The CC,, values were measured with CCK-8 kit. n = 3, X = 5. EC,;: Half maximal effective concentration;

CC,,: Cytotoxic concentration 50%
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Table 2 Structure, properties, and antiviral activities of 4 compounds against IAV A/WSN/33. TI: Therapeutic index

Structure Compound name Cas No. Formula AV EC, /umol'L"  CC,/umol-L" TI(CC./EC,)
Baloxavir marboxil 1985606-14-1 C, H,,F.N.O.S 0.029 202.34 697724
Hydroquinine 522-66-7 C,,H,\N,O, 33.47 254.84 7.61
A Triprolidine hydrochloride 6138-79-0 C,,H,,CIN, 33.44 233.26 6.98
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+
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d
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\O

15771473
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Figure 3 Evaluation of the pharmacological interactions of oseltamivir acid and baloxavir marboxil. A: Matrix blocks from oseltamivir
acid and baloxavir marboxil were shown; B: Zero interaction potency (ZIP) reference model was used to assess the interaction landscapes

and to identify areas of synergy. Interaction surfaces are colour-coded according to the synergy scores of the responses. n =3, X+ s
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Figure 4 Matrix blocks from baloxavir marboxil + drugs in inhibition assay and viability assay. A: Mexenone; B: Triprolidine; C:

Hydroquinine. n=3,X* s
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Figure 5 Evaluation of the pharmacological interactions of compounds and baloxavir marboxil. A: Mexenone; B: Triprolidine; C:

Hydroquinine. ZIP reference model was used to assess the interaction landscapes and to identify areas of synergy. Interaction surfaces are

colour-coded according to the synergy scores of the responses
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Figure 6 The effects of the inhibitor alone or combination on PA and NP protein levels. 293T-Gluc cells in 24-well plates were infected
with A/WSN/33 (MOI 0.05) and treated with the indicated inhibitors. A, C and E: 30 and 20 pumol-L" hydroquinine (A), mexenone (C) or
triprolidine (E) combined with baloxavir marboxil (25 and 12.5 nmol-L™"); B, D and F: 20 and 10 pmol-L" hydroquinine (B), mexenone (D)
or triprolidine (F) combined with baloxavir marboxil (12.5 and 6.25 nmol-L™"); G: Combination of oseltamivir acid with baloxavir marboxil.
Ribavirin and DMSO were used as the positive and negative controls, respectively. At 24 h post infection, cells were analyzed by Western
blot using antibodies against IAV NP and PA protein. Cellular f-actin was used as a loading control. Molecular masses in kDa are indicated

on the right. PA: Polymerase acidic protein; NP: Nucleoprotein
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Figure 7 Dose-dependent inhibition of baloxavir marboxil (A), hydroquinine (B), triprolidine (C), mexenone (D) on IAV vRNP activity.
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