Supplementary Material
In Silico Studies Reveal Peramivir and Zanamivir as an

Optimal Drug Treatment Even if H7N9 Avian Type Influenza
Virus Acquires Further Resistance

Table S1. Pharmacological action against NA mutations by Peramivir and Zanamivir

Drug
(Mode of admin-

istration)

Mutations
reported in NA

gene

Performance of the drug against the =~ Experimental models used for NA-

mutation Inhibitors (anti-viral) testing

Peramivir (Intrave-

nous administra-

tion)

Zanamivir (Inhala-

tion & Intravenous

administration)

Arg 292 Lys [10]
Arg 294 Lys [1]
Arg 289 Lys [43]
Glu 119 Val [39]
His 274 Tyr [42]
Iso 222 Lys [42]
Iso 222 Arg [46]
Iso 222 Val [48]
Iso 222 Lys [46]
Gly 146 Arg [47]
GIn 136 Lys [49]
Asn 295 Ser [50]
Val 116 Ala [51]
His 117 Val [47]

Acts on the NA active site where the
drug interacts with sialic acid causing
distortion of pyranose ring by enabling

hydrolytic cleavage [33]. The side chain
Animal Models [47]
groups (C4 guanidino & pentyl ether)
Mice
present in the drug promotes higher
Ferrets
binding affinity to the enzyme (NA) ac-
Golden Syrian Hamsters
tive site [34, 35]. There by hindering the
Guinea pigs
entry of corresponding viruses and their
Cotton rats
release
Chickens

Substitution of 4-guanidino in place of

Non-Human Primates
C4-OH yields zanamivir and is based on

Horses
the analog DANA. Enhanced binding of

10,000-fold is reported with zanamivir.

Cells lines utilized [55]
The drug has higher binding affinity to-

HEK 293T
wards the NA catalytic site and thereby

MDCK (Madin-Darby canine kidney
blocking the interaction between the si-

epithelial cells)
alic acid and NA [37, 44]. Hence overall

MDCK-SIAT1
alteration of viral assembly and release

is triggered by the drug binding, as a re-
sult, further viral release from the host

cell and infection is therefore prevented

The table above represents the previously reported mutations and the performance of drugs Peramivir and Zanamivir
recommended in this study against such NA mutations. The animal and cell line models used in the anti-viral screen-
ing of NA-inhibitors are also listed. The sensitivity of H7N9 to peramivir has also been briefly reported in the in-vitro
study conducted by Cao R-Y et al where they have utilized MDCK cells which are highly susceptible to H7N9 strains
[36].



Table S2. ADMET properties of drugs Peramivir and Zanamivir. *

Drugs of Interest Pharmacokinetic Properties reported Adverse effects References

Less binding to human plasma protein (<30%)

Effective renal clearance (~90%) without interfering with
multiple metabolic pathways in humans

No carcinogenicity

No immunotoxicity

No cytotoxicity

No mutagenicity
No predicted hERG inhibition
Not an inhibitor of CYP1A2, CYP2C19, CYP2C9, CYP2D6 &  >10% Diarrhea
CYP3A4 [37, 38, 39, 54]

Low GI absorption and no BBB permeant

Peramivir

Higher penetration of the drug to lower airways

No reported hepatotoxicity

No reported skin sensitization
Not an inhibitor of hRERG I & hERG II
No detected AMES toxicity
Not an inhibitor of CYP1A2, CYP2C19, CYP2C9, CYP2D6,
CYP3A4 1-10% rash, diarrhea,
Not an inhibitor of P-glycoprotein I & II liver injury, neutro-
Acts as a substrate of P-glycoprotein, CYP2D6 & CYP3A4 penia, renal failure &
Not a renal OCT?2 substrate increase in the levels
Inhibitor of human sialidases NEU2 & NEU3 of liver enzymes
Less binding to human plasma protein (<10%) (AST, ALT).
Non-Carcinogenic
Readily biodegradable

Zanamivir [42,52,53,54]

1The reported ADMET properties of the drugs Peramivir and Zanamivir are listed based on the existing evidence. They
are in correlation with the predicted pharmacokinetic properties that are previously listed in the table 7.
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