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B. Favipiravir (T-705), a Viral RNA
polymerase inhibitor (Toyama Chemical
Co., Ltd)

0
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A. Amenamevir (ASP2151), a Helicase-
primase inhibitor (Asteras Pharma Inc. and
Maruho Co., Ltd)

g

C. Point of action of helicase-primase inhibitor
Accessory protein

Single-stranded
DNA-binding
protein ICP8

(UL5, 8,52) ) Lagging strand

Fig. 1. Structures of anti-herpetic drug ASP2151 (A) and anti-influenza drug T-705
(B).
Anti-herpetic drug ASP2151 (Amenamevir) (A) is not a DNA synthesis inhibitor
through viral thymidine kinase but a helicase-primase inhibitor. Anti-influenza
drug T-705 (B) is a chain terminator inhibiting chain elongation at the incorpo-
rated site of RNA dependent RNA synthesis. This inhibits RNA synthesis leading
to reduction in the viral load. Fig. 1C illustrates the action of helicase-primase:
separating the double strand DNA to two single strands, and each strand starts
complementary DNA synthesis. Helicase-primases are composed of UL5, UL52,
and UL8 of herpes simplex virus and ORF55, ORF 6, and ORF52 of varicella-zoster

virus.
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Nucleic acid and its intermediate Anti-viral agents
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Guanosine 4-carboxamide ribotide Ribavirin T-705-ribose
(AICAR)
Fig. 2. Nucleic acid, its intermediate and ribavirin and T-705.

Nucleic acid and AICAR are synthesized in vivo and their structures are contrasted with
those of ribavirin and T-705. AICAR, Ribavirin, and T-705 resemble each other, but T-705
has a 6 membered ring and not a 5 membered rig as AICAR and ribavirin. AICAR is further
processed to inosine, adenosine, and guanosine.
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OH PCV-TP. When GTP is incorporated, the DNA chain continues to
Penciclovir (PCV) | elongate. When ACV-TP or GCV-TP/PCV-TP is incorporated, ACV
(Famciclovir) stops the elongation at the incorporated site and GCV/PCV stops
it at several nucleotides ahead of the incorporated site.

Fig.

(Vere Hodge Antiviral Chem. Chemother. 4 (Suppl. 1), 13.1993)

3. Difference in the mode of DNA synthesis inhibition between acyclovir (ACV) and
penciclovir (PCV: active form of famciclovir)29.

ACYV is lacking a 3'OH residue that binds to the next nucleotide and thus cannot
elongate any more, working as a chain terminator. Right figure (modified from refer-
ence 23) shows the chain termination at the incorporated site ( [] ). On the other
hand, PCV has a 3'OH residue and binds to the next nucleotide. However, elongation
terminates several nucleotides ahead of the PCV incorporated site ( [] ). Thus both
drugs terminate DNA chain elongation but their mode of action is different.
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Fig. 4. Classification of nucleic acid synthesis inhibitor with the mode of inhibition.
A) Inhibition by non-incorporation type into DNA or RNA: Foscarnet, vidarabine, sorivudine. B) Chain termination at the
incorporated site: Nucleotide reverse transcriptase inhibitors lack a 3'OH residue and terminate chain elongation at the
incorporated site. Ribosylated T-705 works as a chain terminator at the incorporated site of elongating RNA. C) GCV and
PCV have a 3'OH residue and elongation terminates several nucleotides ahead of the PCV incorporated site. (The mecha-

nism of Ribavirin is not as clear as the others.)
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Fig. 5. The difference between NAI and T-705 in the inhibitory action against influenza virus rep-
lication.
T-705 inhibits viral RNA synthesis and viral RNA and virus particles were not produced in the
infected cell. NAI allows viral RNA synthesis and inhibits the spread of infection by accumulat-
ing viral particles on the cell surface. Thus T-705 is expected to reduce the viral load in influ-
enza infection.
A B.
) —O— Control
Virus: A/PR/8 (HIN1) ®— T-705 (1h) Virus: A/PR/8 (HIN1) Infectious dose: 3 X 10 PFU
Infectious dose: 3 X 10° PFU —— T-705 (13 h)
- —O— Control
Administration: 1, 13, 25 hrs T-705 (25 h) oo . —8— T-705 200 mg/kg/day
after infection —@— Oseltamivir (1h) —®— Oseltamivir 200 mg/kg/day
200 mg/kg/day —— Oseltamivir (13h) —— Oseltamivir 400 mg/kg/day+ T-705 400 mg/kg/day

—J— Oseltamivir (25h)

1 group: 14 mice
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% : P<0.01, compared to 0.5% methylcellulose solution-treated *:P<0.01, compared to 0.5% methylcellulose solution-treated
controls (log-rank test). controls and oseltamivir-treated groups (log-rank test).

Fig.

6. Efficacy of oseltamivir and T-705 in mice infected with influenza virus intranasally at a low dose (mild infection A) and a
high dose (severe infection B)19.

Oseltamivir and T-705 have different mechanisms of action against influenza infection as shown in Fig. 5. This difference in
the mechanism and the effect on the viral load showed an apparent difference in severe infection (modified from reference
23). Fig. 6A shows the mild infection group and there is no significant difference between oseltamivir and T-705. In contrast,
T-705 showed a significant difference in the survival rate in the severe infection group. As shown in Fig. 6B, control mice died
around 5 days after infection. Oseltamivir prolonged the survival period but most mice died. T-705 cured all infected mice
without any deaths. Thus although oseltamivir and T-705 failed to show any difference in the mild infection condition, supe-
riority of the therapeutic efficacy of T-705 was apparent under conditions of severe infection.
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Fig. 7. Mechanism of action of Kakkon-to in influenza infection.

Interferon (IFN) administration causes influenza-like symptoms. Influenza virus in-

fection induces interferon, and then interleukin (IL)-1, followed by cyclooxygenase

(COX) induction in the hypothalamus, resulting in the fever induction. Kakkon-to and

its active components, cinnamyl compounds, anti-IFN antibody, anti-IL-1 antibody,

NAIDS and aspirin show an antipyretic action irrespective of viral replication.

Cinnamyl compounds, active components of Kakkon-to, modulate cytokine produc-

tion in the macrophages by modifying the transcription of transcription factors. Espe-

cially, augmentation of IL-12 and IFN-y production works to alleviate pneumonia and

systemic reduction of inflammatory cytokine IL-1 level, normalization of overproduc-

tion of IL-1, alleviates the general condition and shows an anti-pyretic action.
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Decrease in body temperature
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Time (min) after administration of oseltamivir

Fig. 8. Hypothermia induction by oseltamivir.

Oseltamivir (OS) induces hypothermia in the otherwise healthy mice

(figure is modified from reference 32). The arrow indicates the admin-

istration of oseltamivir. Thus oseltamivir exhibits an anti-influenza ac-

tion and induces hypothermia in mice.
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Current status of anti-viral drug development of anti-herpetic drug ASP2151
and anti-influenza drug T-705

Kimiyasu Shiraki
Department of Virology, University of Toyama, 2630 Sugitani, Toyama, Japan

An anti-herpetic drug, ASP2151 (amenamevir) and an anti-influenza drug, T-705 (favipiravir) have been
developed in Japan. ASP2151 shows Helicase-primase inhibitory activity against the herpes simplex virus
and varicella-zoster virus, and T-705 shows inhibitory activity against viral RNA synthesis with broad spec-
trum RNA viruses including influenza. ASP2151 is different from conventional anti-herpetic drugs via viral
thymidine kinase and expected to prevent transmission of genital herpes based on the good profile of its
pharmacokinetics. The anti-influenza drugs, neuraminidase inhibitors(NAIs), allow the growth of influenza
virus in infected cells but inhibit the spread of infection to the surrounding area. On the other hand, T-705 in-
hibits viral RNA synthesis as a chain terminator. T-705 reduces the viral load by inhibiting viral RNA syn-
thesis and does not produce resistant virus in the cultured cells, exhibiting excellent properties as an anti-
viral drug. T-705 and NAI showed similar therapeutic activity in mild influenza infection. T-705 showed the
efficacy in severe influenza infection, whereas oseltamivir failed to cure all animals in an influenza infection
model, being expected as a last resort for influenza. T-705 will be approved in countries for the treatment of
novel influenza, new H5 and such H7 epidemic infection, and seasonal influenza cases for which other anti-
influenza virus agents are invalid, when it becomes authorized for use as determined by the regulatory
agency of each country. The efficacy of T-705 has been confirmed in animal models against RNA viruses
such as Ebola and yellow fever based on the commonality of viral RNA synthesis inhibition of the RNA vi-
ruses.



