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Pandemia: rapid contagi d’'una malaltia infecciosa a un gran
nombre de persones (epidemia) en varis paisos, continents o

el mon sencer.

Grip comu

Grip pandéemica

Composicio genetica coneguda

Baix nivell d’infeccio

Tractament simptomatic.
Recuperacio en 1-2 setmanes

Mortalitat en persones de |la
tercera edat

Composicio genetica
desconeguda

Alt nivell d’infeccid

Pot causar pneumonies virals
gue poden acabar en mort

Mortalitat en persones de
qualsevol edat




Grip espanyola
(1918-1920)

Grip asiatica
(1957-1958)

Grip de Hong Kong
(1968-1970)

Grip aviar
(2003-actualitat)

Grip porcina
(2009-2010)

HIN1

H2N2

H3N2

H5N1

HIN1

Mortalitat

~ 50 milions [un ¥ de |a
poblacié mundial (~500
milions) infectada]
Taxa de mortalitat del ~ 2.5%

~ 2-3 milions

700 000 (ara circula com a
grip comu)

393 (taxa de mortalitat del
~ 60%) no es transmet entre
humans

290 000 en 48 paisos (80%
tenien menys de 65 anys)
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Grip espanyola
(1918-1920)

Grip asiatica
(1957-1958)

Grip de Hong Kong
(1968-1970)

Grip aviar
(2003-actualitat)

Grip porcina
(2009-2010)

HIN1

H2N2

H3N2

H5N1

HIN1

Mortalitat

~50 milions [un % de la
poblacié mundial (~500
milions) infectada]
Taxa de mortalitat del ~2.5%

~2-3 milions

700 000 (ara circula com a
grip comu)

393 (taxa de mortalitat
del~60%) no es transmet
entre humans

290 000 en 48 paisos (80%
tenien menys de 65 anys)
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**Vacunacio
e Vacuna trivalent: grip A (HIN1)+(H3N2) i grip B
**Inhibidors de la neuraminidasa

HO OH OH \
Y H o, o={ OH HO 9
HO A HN 2 H HO I-Io 0
HN Q
_§ / OH —« 3 0—/ Y H HN /
S O an = HN —§ OH
(@] NH K
NH H,N_ _NH S 3
NH, JNH; b 0 NH
HN HN NH Jr—NH;
HN
Zanamivir Oseltamivir Peramivir Laninamivir
(Relenza®) (Tamiflu®) (Rapiacta® and (Inavir®)

Peramiflu®)



*»*Blocadors del canal M

@\NHZ-HCI
NH, -HCI

Amantadina Rimantadina
(Symmetrel®) (Flumadine®)



El canal M2

high pH low pH

(N-term open, C-term close) (N-term close, C-term close) (N-term close, C-term oper;'j

Khurana, E.; Dal Peraro, M.; DeVane, R.; Vemparala, S.; DeGrado, W. F.; Klein, M. L. PNAS 2009, 106, 1069.



Bloqueig del canal M2

Apo form
Wild type

Gu, R.-X.; Liu, L. A.; Wei, D.-Q. Trends Pharmacol. Sci. 2013, 34, 571. 10



Tractaments actuals

**Blocadors del canal M2

@\NHZ-HCI

NH, -HCI
Amantadina Rimantadina
(Symmetrel®) (Flumadine®)

L’'OMS desaconsella el seu uUs
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Treball del grup

JF- Faever C
NH2 HCI NH, HCI @ .

N-
R HCI

Amantadina

@\% @_NH Her H @ NHz HCl
N'I.QHCI 2 H
R R o
(
\ | NH- HCI
N - HCI
R

N * HCI
R
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Sintesi

Hydroquinone 1. KOH/MeOH
Lb A 2. HCI
: — = =
+ MeOOC——COOMe oo —
MeOOC COOMe HOOC COOH
H,
909
Pd/C o
C 1.Red-Al
2. HCI/Et,O Urea, A
-€
70% 47% 71%  HOOC  COOH
0= N7 0
- HCI H

N NH, - HCI



MeOH/HCI

Pd/C

N O
N N
7],NH2 - HCI
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Sintesi

CO,CH, H;CO,C R CO,CH,  CHiCOOH R
R._.O NaHCO, HCI
—>
+2XE0 —————— ™ o OH 0=C 0
80% - 38%
R0 R
CO,CHj H,c0,C R cO,CH,

R,R = Et, -CH,CH,CH,CH,- H,N=NH, | 87% - 99%

Y
R CO, Pd(OAC)2 R |2 R
PPh,, Et;N MG
Meooc—dg—coom - | | - H,N—-N N-NH,
62% - 64% 47% - 57% R
R R
H, 77% - 74%
Pd/C ° °
LiHMDS COOMe COOH

R
I R KOH R
MeOOC—<:|:>—COOMe — COOMe __ COOH
! 47%-57% R 63%-80% R



Sintesi

NH - tartrate
Et
o
J Q
Et

COOH H,N” ~NH,

R R NH Red-Al +
@COOH 87% - 83% g g
R 0~ B3 R O 33% - 83%

NH - tartrate
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Sintesi ___ 5

A NaOH
| - T I -
86% 64%

COOH COOH
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o
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Modelitzacio molecular

A B C

Rey-Carrizo, M.; Barniol-Xicota, M.; Ma, C.; Frigolé-Vivas, M.; Torres, E.; Naesens, L.; Llabrés, S.; Juarez-
Jiménez, J.; Luque, F. J.; DeGrado, W. F.; Lamb, R. A.; Pinto, L. H.; Vazquez, S. J. Med. Chem. 2014, 57, 5738.
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Farmacologia

“»*Actius contra la soca salvatge del canal M2

N
* HCI NH- HCI NH- HCI

NH2
Amantadina wt |C50 =3 },LM wt |C50 =0.8 },lM wit |C50 =3 },I,M wit |C50 =3 },I,M
wt IC5o = 16 pM
V27A > 200 uM
N}rNHz- HCI }rNH - HCl }NH HCI }
HN NHz HCI

Wt|C50=2p,M Wt|C50=2p,M Wt|C50=3},LM Wt|C50=7p,M



Farmacologia

**Duals contra la soca salvatge i mutant V27A

@‘NHZ-HCI

Amantadina
wtiICgy =16 uM
V27A > 200 uM

& ﬂN\PNH g; NH - tartrate
NH- HCI NH; - HCI

Wt ICg0 = 2 uM Wt IC50 = 4 uM Wt IC50 = 5 uM
V27AIC5 =17 uM  V27AICs = 32 uM V27A IC5o = 21 uM

NH
NJ(NH Hel NH
2 NH- HCI N-Q
NH, - HCI

Wt|C50=3p,M Wt|C50=18 uM Wt|C5o=11 p,M
V27A ICgo = 0.3 uM V27A ICgy = 0.7 uM V27A ICg = 0.5 uM
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I\/Iecanisame d’infeccio

PEI1
PA = PEZ2

Sieczkarski, S. B.; Whittaker, G. R. Curr. Top. Microbiol. Inmunol. 2005, 285, 1-23.

Rossman, J. S.; Lamb, R. A. Virology 2011, 411, 229-236.
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eriva/desplacament d’antigen

o Each year's flu ins three flu -
two A strains and one B strain - that can change from year to year.

e After vaccination, your body produces infection-fighting antibodies
against the three flu strains in the vaccine.

A

€ f you are exposed to any of the three flu strains during
the flu season, the antibodies will latch onto the virus's
HA antigens, preventing the flu virus from attaching to
heaithy cells and infecting them.

© Influenza virus genes, made of RNA,
are more prone to mutations than
genes made of DNA.

-~

Viral RNA Mutation

Link Studio for NIAID

. © 1f the HA gene changes, so can the
igen that it encod i ,

it to change shape.
HA gene

HA antigen

© 1t the HA antigen changes shape, antibodies that '
normally would match up to it no longer can, allowing ,-d-‘
the newly mutated virus to infect the body's cells.

This type of genetic mutation is called “ANTIGENIC DRIFT.” |

The genetic change that enables a fiu strain to jump from
one animal species to her, including b is called “ANTIGENIC SHIFT.”
Antigenic shift can happen in three ways:

The new strain
) without may further
going evolve to spread
g h. from person to
a bird strain of person. if so. a
influenza A can flu pandemic

jump directly
from a duck

or other aquatic
bird to
humans.

arntigen Human influenza A strain
m A duck or other
G aquatic bird passes a bird
strain of influenza A to
Without an intermediate host
undergoing such as a chicken or pig.
genetic change,
a bird strain of
influenza A
can jump
directly from a
duck or other human strain of antigen
aquatic bird to influenza A to the

an intermediate
animal host and
then to humans.

same chicken or pig. (Note that reassortment can
occur in a person who is infected with two flu strains.)

@ ‘When the viruses infect the same cell,
the genes from the bird strain mix
‘with genes from the human

strain to yield a new strain.

Viral entry
intermediate host cell

The new strain
" can spread
New influenza from the

strain intermediate
host to
humans.

Intermediate
host cell

Genetic mixing
Link Studio for NIAID

Intermadiate
haost (pig)
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