Antivirotics
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Scary predictions — swine flu :)
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Viral diseases

e« common diseases (rhinitis, cold, flu) —
symptomatic

e against several there is vaccination: flu,
hepatitis, child infections

e antivirotics: immunodeficiency
— herpetic infections
— flu viruses
— HIV viruses

* many AE — viruses “take over”
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Herpes simplex virus cycle

DNA-containing
enveloped virus

@ After attachment, the host cell
membrane fuses with the viral
envelope, thereby permitting

entry of the nucleocapsid to
the cytoplasm.

The viral capsid is uncoateds,
and the DNA of the viral
genome enters the cell's nucleus:

Ribosomes

Transcription

@ Transcription produces mRNAs that
are translated on cytoplasmic
ribosomes into capsid and spike
proteins.

Genome
replication

@ New viral DNA is synthesiz¢d Capsid proteins

@ Capsid proteins enter the nucleus
and combine with viral genomes
to form new nucleocapsids.

; Spike proteins

@ The viruses bud through the nuclear
membrane but do not acquire their
final envelope and spikes until
reaching a Golgi compartment in the
cytoplasm (not shown). Exocytosis
releases the new virions.
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Defense mechanisms

Interferons (IFN):

» glykoproteins released by cells infected with
viruses — inhibition of viral protein synthesis

* innate imunity

* |IFN-a (leucocytes), IFN-B (fibroblasts), IFN-y
(lymphocytes)

e e.g.: IFN-B for th. of severe herpetic
infections

* INF-a therapy of hepatitis C
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Virostatic antimetabolites

false base (T) — idoxuridine:

* incorporates into DNA and damages —
affects also human DNA

* suitable only for local administration
(ceratitis caused by Herpes simplex)

e

OH
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Virostatic antimetabolites

false sugar — aciclovir:

* very specific, well tolerated, activated only in
infected cells

e 15t rxn catalyzed by viral tymidinkinase
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Viral Host
HN N\ thymidine HN N\ cel HN N\
| > kinase | > enzymes | | >
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] PTlal s

Aciclovir (ACV) ACY-MP ACV-TP l

dATP  Viral DNA

dGTP polymerase
dCTP

dTTP Replicating
viral

DNA
© Hodder Arnold / Use of Antibictics 6E
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Virostatic antimetabolites

false sugar — aciclovir:

indicated for therapy of severe Herpes
simplex virus infections — encephalitis,
generalized infection; Varicella zoster (severe
shingles) —i.v. infusion

after p.o. dose resorption incomplete
local form - cream
synthesis of human DNA is not affected



Virostatic antimetabolites

false sugar — other examples:

e valaciclovir: esterified with AA — enteral
resorption 2x effective

e ganciclovir: therapy of severe
cytomegaloviral (CMV) infections — not very
well tolerated (AE: leucopenia,
trombocytopenia)
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Virostatic antimetabolites

foscarnet:
e diphosphate analog

* inhibits DNA-polymerase — interaction with
bonding site of diphosphate

* |: sever CMV in AIDS patients, local therapy
of inf. Herpes simplex

HO
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Virostatic antimetabolites

Herpes simplex - labialis:

Stage 1 1pay

(Average Duration)

L Th 1

Tingling, itching, or burning
beneath the skin {usually around
the mouth or nose) may begin.
The first sensation is the ideal
time to begin treatment.

Small red bumps begin to
blister.

- The blisters fill with fluid,
- forming a full-scale cold sore.



N Flu therapy

W6 amantadine:

e flu virus A (RNA virus) — inhibits release of
viral NA — uncoating (blocks pump for H*in
virus)

e used rarely, mainly in prophylaxis; also for
Parkinson’s disease

NH,
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Flu therapy

neuraminidase inhibitors:
* inhibit release of flu viruses A and B
e zanamivir (inhalation), oseltamivir (p.o.)

* therapy and prophylaxis of flu infection

A Neuraminidase activity
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Flu therapy

baloxavir marboxil

* in 2018 reg. in USA, EMA: 2021

e prodrug: metabolisation to active from

e child. > 12y and adults — first 48h

e peroral treatment

* AE: diarrhea, vomiting, sinusitis, headaches

* MoOA: inhibition of cap-dependent
endonuclease (,,cap snatching®)



Flu therapy

baloxavir marboxil

host pre-mRNA

chimeric viral mMRNA
S A AAAAALALA
‘ca
snatchmg

-

Polymerase
complex ~” viral RNA
Translation
Influenza A Virus Polymerase: Structural Insights into
‘VQWMA Replication and Host Adaptation Mechanisms
Boivin, Stéphane et al.
Endonucleolytic elF4E Biological Chemistry, Volume 285, Issue 37, 28411 — 28417, 2010
cleavage Ribosome
complex
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AIDS therapy — HIV virus infection

targeted inhibiton of specific processes
(retrovirus)

virus binds to CD4-receptor at helper T-
lymphocytes

1981 - Kaposi sarcoma; pneumonia in gays
1983 — HIV virus discovered as the cause

Virus Relrevirus




AIDS therapy — HIV virus infection

1. fusion inhibitors

Fusion of HIV
~ | tothe host cell

HIV RNA, reverse
transcriptase, integrase,

: " , AT and other viral proteins
HIV Iy g enter the host cell.
4 i

3. reverse transcriptase

Co-receptor

{CCRS or CXCR4) . . .
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formed by reverse
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4. integrase inhibitors

7. protease inhibitors
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7
The virus matures

by protease
releasing individual
HIV proteins.

New viral RNA
and proteins move to
the cell surface and a
new,immature, HIV

ferms.
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Fusion inhibitors

enfuvirtide:

* peptide, s.c. administration

* because of AE only as salvage therapy in
patients with multidrug-resistant HIV

* binds to viral fusion protein and inhibits the
conformation change
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RT inhibitors — nucleoside (NRTI)

e 1987 — zidovudine: 1. approved drug (in
vitro results in 1985!!1)

* nucleosides with abnormal sugar —
activation by phosphorylation

* RT inhibition — synthesis blocked 0

* p.o. administration \EILNH
* AE: leucopenia | /j\
* others (dideoxyderivatives): HO o N

lamivudine _%j



RT inhibitors — nucleoside (NRTI)

nucleotide inhibitor (NtRTI) — tenofovir:
* phosphorylation of phosphonomethyl group
* RT inhibition — synthesis blocked

* syntetized by prof. Holy (UOCHB) 1984 —
Gilead Sciences
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,% RT inhibitors — non-nucleoside (NNRTI)

* various heterocyklic structures — no
phosphorylation — active inhibition of RT

* AE: exanthema, interaction with cytochrom

P450
* nevirapine, efavirenz
O H
N
72 \ ] N
=NT N° N
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Integrase inhibitors

* inhibit intgration of viral DNA into human in
the form of provirus

* p.o. dosage; post exposure prophylaxis
* raltegravir: AE fatigue and allergies

0
F
N—N N OH
/Q \ M | H
N N N
0 N
O O
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HIV-protease inhibitors (Pl)

e stop viruses from
maturation by
hindering of
polypeptide cleavage

* p.o. administration;
interactions;
hyperlipidaemia

* saquinavir: abnormal
peptide, low
bioavailability ->
ritonavir, indinavir
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Combination antiretroviral therapy
(CART)

* most often 2 NRTI + Pl or 2 NRTI| + NNRTI

* improvement of patient’s prognosis —
decrease of viraemia under detectable level,
increase of CD4*Th and reducing of
opportunistic infections and tumors

* total eradication impossible (retrovirus)
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Therapy of viral hepatitis

e HBV — not retrovirus, but uses RT and thus
the inhibitors are effective: lamivudin and
tenofovir

* HCV - interferon a (PEGylated); ribayirin:

analogue of G, inhib. synthesis of NQNHz
N
\

no {
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OH OH

N



Therapy of HCV

* because of AE (half of patients; flu-like) new
direct acting antivirals (DAA):

e genotypization needed, less AE; up to 100%
efficacy; p.o. 8 — 12 weeks; combinations

» e.g. sofosbuvir/velpatasvir (2016; MoA:
inhibition of enzyme NS5B — RNA-dep RNA
polymerase and enzyme NS5A — inhibition of
domain |, decreased binding to RNA and
thus the RNA replication is halted)
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Therapy of HCV

» sofosbuvir/velpatasvir (S: analog U; Protide
prodrug; rychla bun. metabolizace na trif.; V:
urcita symetrie)
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Therapy of RSV

e apart from ribavirin, palivizumab is used

* mab against F protein — stops fusion and
viral entry into the cells

* once a month i.m. in severe cases of small
children

R5V-related hospitalizations (%)

Placebo SYMAGIS
(n=648) (n=639)
(P=0.003)
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/mapp — Ebola virus

* bleeding fever Ebola — largest epidemic 2013/14
— west Afrika (fever, muscle ache, vomiting,
diarrhea, bleeding; lethality upto 90%)

* exp. therapy — 3 chimeric mab — neutralisation
(pasive immunity)

* in 2014: 7 pac., 2 died; then run out..
(controversion — why not given to Africans?)

e 2015:<200 subjects — 40% lower risk of death



/mapp — Ebola virus

Nicotiana benthamiana — viral vector
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Therapy of Covid-19

in non-compl. symptomatic; compl. with risc
factors breathing support + therapy:

favipiravir (broadspectrum antivirotic, inh.
RARP)

hydroxychlorochin (alleviation of cytokine
storm; antimal., antireum.; quest.?; AE)

ivermectin (FNUSA asked for CT; inh. 3CL
pro; useful?)

dexametasone (glucocort.; questionable)



Therapy of Covid-19

* remdesivir (Gilead; previously Ebola and
Marburg; authorized in EU for severe cases
of pneumonia with necessity of O,; analogue

of A, inh. RdRP; accord. to WHO Nov 2020
not recom.)
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Therapy of Covid-19

* bamlanivimab/etesevimab: monoclonal
antib. against surface spike-protein —in
cases without addition of oxygen, but with
risk of severe case — under review

* tocilizumab (non-effective; mab against 11-6)

 molnupiravir (under review; FDA red.; inh.
RARP)
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Antiparasitics
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Antiparasitics

* ectoparasites: head louse, flea, scabies

——

— insecticides 7 :,,.M\-;__ﬁ,,{ <

pinworm, trichinella

— anthelmintics

3 4 5 6

e tropical diseases: malaria
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Insecticides

 remove the cause (flea, head louse)

* for pediculosis (head louse) and scabies
(Sarcoptes scabiei) insecticides are necessary
— shampoo or solutions

* lindane (hexachlorocyclohexane) — scabies
» ethyl butylacetylaminopropionate (IR3535)

O
H3C/\/\N/\)k0/\CH3

H,C” O
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Anthelmintics

mebendazole:
e against worms (round- and pin- ) and trichinella
* inhibition of microtubule synthesis —

immobilization 0
H O /
N -0
DRw:
N H
* against tapeworms
and schisostomosis

e paralysis, cramps &\/ \’{O

praziquantel:
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Derivatives of nitroimidazole

 damage to DNA by forming complexes
and strand breaks (reactive metabolites)

* bactericidal (usual anerobes) + protozoa
(Trichomonas vaginalis; Entamoeba
histolytica)

 metronidazole: p.o., vag. tbl.
* Cl: pregnant, breastfeeding women



Derivatives of nitroimidazole

Ferredoxin-Fe2* Ferredoxin-Fe3*

Reductive radical formation
(aerobes and anaerobes)
06

‘0 o~

e ~o
N

N
HO\/\N)E HO\/\N)} —> DNA damage (anaerobes)

—N

0= 0 Oxygen-mediated radical
2 2 detoxification (aerobes)
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Malaria

I Malaria’s front line
Confirmed cases of malaria per 1,000 population at risk, 2013

[X0) Regional totals, m
WESTERN SOUTH-EAST
MED. ASIA
T
@
N [ &
WESTERN
AMERICA PACIFIC
"\ K:ff ‘e
[J<0.1 []0.1-0.9 [[]1-9 [F110-49 MM50-99 100+ Noongoing
Source: WHO transmission

Economist.com

45 N — 30 S (latitude)

worldwide: 1,5-3 mil deaths/year, incidence: 300-500
mil/year



Malaria

The Life Cycle of Malaria

© To start the cycle, an infected @) Sporozoites enter the © Within liver cells, the © The schizonts rupture, releasing
! ) et

female Anophelo:s mosquito blood stream and are parasites p into
injects sporozoiﬁs into the carmried to the liver, where schizonts. ites into the bloodstream.
skin while feeding. they infect liver cells.
) HUMAN LIVER STAGES
(About 2 weeks)

In some malana

species, parasites
remain in the liver,
causing relapses.

@ When the mosquito feeds,
gametocytes are ingested
into its stomach.

© The gametocytes emerge
from the infected blood cells,
becoming gametes.

| HUMAN BLOOD STAGES 00D
| CAUSE ILLNESS gELBL
(2-3 day cycles)

"‘ Repeated cycles cause illness
| and potential death if not treated.

© The male gamete fuses
with the female gamete

l‘ producing a zygote.

@ The zygotes elongate into
ookinetes which move
through the stomach wall.

@ The ookinetes develop into oocysts.

@ The oocysts grow and rupture,
releasing sporozoites.

ites change into male and
female forms called gametocytes.

The sporozoites migrate to the salivary glands,
> ready to be injected and renew the cycle.

The Carter Center / Graphic by Al Granberg

causes: Plasmodium malariae, vivax, falciparum
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y Antimalarials

primaquine:
* mainly against liver schizonts and hypnozoits
(!)

* not prophylaxis — because of resistance and
worse toleration
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N Antimalarials — blood schizonts

quinine:
* only for chlorogine-resistant P. falciparum

e cumulation in vacuoles — inhibition of heme
polymerization (toxic for parasite)

e Cinchona sp. —1600s — jesuit’s bark
e 1820: isolation — Pelletier, Caventou
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Antimalarials — blood schizonts

chloroquine:

» effective, but many are resistant

proguanil, atovaquone, pyrimethamine
(inhibition of dihydrofolate reductase),
sulfadoxine (sulfonamide)



Antimalarials — blood schizonts

artemisinin:
* isolated from Artemisia annua — TCM
 chinese: ginghao su 5%
* MoA: ROS formation
NOBEL PRIZE IN MEDICINE 2015

° ® : . The Nobel Prize in Physiology or Medicine 2015 was awarded with one half
° CO l I I I n a I O n S jointly to William C. Campbell & Satoshi Omura & the other half to Youyou Tu.
ot
Yo i 4 . i i

* semisynthetic
derivatives:

artemether, artesunate
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Prevention

1.

Exposure prophylaxis: repellents, insecticides,
mosquito nets in windows and doors, white clothes
with long sleeves and legs.

Chemical prophylaxis: antimalarials before, during
and after staying in endemic region: meflochin,
chlorochin, proguanil, atovaquon, doxycyklin.

»Stand-by“ therapy: regions with low risk of
malaria or long stay in endemic regions — take with
you antimalarials for ,,emergency treatment” (in
case of symptoms; substitute for AD2).



Leishmaniasis (DNDi)

cause: g. Leishmania — |IC parasites; flagellates
* spread by: blood sucking insect Phlebotomus, etc.

* 2 main froms: visceral (VL; AKA kala-azar) fatal
without treatment; cutsneous (CL): ulcers on
exposed areas (hands, feet, face)

e cca 1,5 mil. new patients; 20 — 40 tho. dead (VL)

O CL
VL
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Leishmaniasis (DNDi) — therapy:

* pentavalent antimonials: 60 years used, now not so
much; injection, cardiotoxicity; e.g. meglumine
antimoniate

 amphotericin B:
as liposomal infusion
(increase in safety and efficiency)
dose 10 mg/kg can treat 96 % VL cases; cold chain!
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Leishmaniasis (DNDi) — therapy:

* miltefosine: p.o. dose 2x a day, bad compliance;
simultaneously contraception; MoA: interaction
with lipids, inh. cytochrom C oxidase, apoptosis

e paromomycine: ATB for parasitosis and amebosis;
similar MoA as aminoglycosides; i.m.

OH

HO 0
HO
NH,| HoN
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Chagas disease (DNDi)

* cause: Trypanosoma cruzi — protist, IC parasite
e spread by: blood sucking ,kissing bugs”

e acute (5 % children die) — fever, 4 months — latent —
chronic (even whole life) — heart and GIT disease

e 6-—8 mil. infected; 12 tho. dead per yr.; <1% treated

Vywvoj v pienaseéi (plostice) Vyvoj v Elovéku
Flogtice saje krev a v jejich wikalach
jsou trypomastigota. Ta prochazeji "

n pfimo réanou od kousnuti £ prostupuji o mﬂ-ﬁﬁgﬁﬂiﬁ?ﬁ;?wa
neporuienou sliznici (napf. spojivka). Muéam. a uvnitf
ransformuji v amastigola.

Metacyklicka trypomastigota

ve sifevé A @ "\—_'.l
o / )

anaml\uéleni % [' ﬂ

F'Iuétlcs nasaje krev
oEplmasllgala = Irypomastigotami
ve stfevé

< [
,{j \_/ -~ M Endemic countries
A e M\asllgolawanaformull

A- ;;Ls;gogmggtgstuoﬂ;}gl [] Non-endemic countries but present
Infekéni stadium

do krevniho obéhu,
A\ = Diagnostické stadium

B Amastgota se v
burikach binarmé déli.

Trypomastigota jsou

schopna infikowvat dalsi

buriky a transformovat

v amasiigota. Tento cyklus

mide dat vznik klinické
manifestaci onemocnani.

hittp: . dpd.cd:.goufdpd:
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- Chagas disease (DNDi) — therapy:

. * benznidazole: /
o production of ROS, damage O\/H NT N
to DNA,; effect in acute phase, NTH
O

later less effective

e nifurtimox: 60 day treatment; MoA: binding to DNA,

damage
DN
O« O
N > /
O

0

/
'\
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