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The recent outbreak of humaBaire ebolavirus (EBOM)West Africacountriessuch
as Guinea, Liberia, Nigeria and Sierra Lebtias resulted ir3069 infected patients
with 1552 deaths, as oR8™ August 2014Human EBOYaemorrhagic fevehasa
case fatality rate of up to 90%Neither licensed vaccinanor specific therapy is
availabie forthe treatment ofhuman EBOV infectiori®®

Type | Alpha/beta interferons (IFN / Béncoded by asingle IFN3 a h3d

homologous IFM genesin humans represent an essential element of host defense

against virusinfection, including Ebolaviruses* Human Ebola virusinfection is

associated with robustFNa  pr oduct i on, with plaastnmaatc once
greatly (60 to 100fold) exceed thosebservedin other viral infections, but little

IFNB  p r o d’Ebadlaiviousprotected fromthe host interferon response by its

encoded VP35 8%1% and VP24 proteift*>®, has produceda heavy viral loa,
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oxygen specie€ which in turn leads todiffuse endothelial cell dysfunction,
disseminated intravascular coagulatio® * %* © ® * % and vasomotor
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Ebola virus®*®

Ebola virus is an envelopéithmentousRNAvirus belonging totie family Filoviridae.
The18.9kb linear, nonsegmented, negativeense, singlstrandedRNAgenome of
Ebola virussncodes seven structural proteins and one fstructural protein Bbola
virus, beinga RNA virus with limited coding capacityas utilized the hos unique
metabolic pathway for ityiral entryand replication Ebola virusentry into cells is
initiated by the interaction of the viral glycoproteih subunit (GP) with host cell
surface TIML receptors. Upon receptor binding, the virus is internalized into
endosomes primarily via macropinocytosis. Within the acidified endosome
compartmentof the host cell the heavily glycosylated @B cleaved to a smaller
19kDa fusogenitorm by the low pHdependent cellular proteases CathepsifCaL)
and B(CatB, exposing residues in the receptor binding sithis allows the inding

of GR to cholesterol transporterNiemannPick C1 (NPClp step in the late

endosome phasessential forvirus-host membrane fusiomnd viral entry?®4-424344

humoral and CD8+ T cell responses are required for protection againat Ebola virus infectior.
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Cells where NPC1 function has been biochemically disrupted or cells lacking NPC1
showed a resistance to EBOV infection. Subjects with NierRarintype C1 disease
were resistant to Ebola virus because efatts in the NPC1 proteidfter complete
fusion of the viral and host endosomal membrangsal RNA and its associated
proteinsare released into the host cell cytoplast®nce insideghe cytoplasm of the
host cell,Ebola virus suppress innate immune resporkseVP35 and VP24 protein
and hijacks tanscription and translatiorunder the influence of RNA polymerase
complexedeading torobust genome replication anthe production of new virions
This distinct replication cycle of Ebola virus serves aattractive target for the
development of therapeutic agents against Ebola virds>*® Currently available
therapeutic agents that are effective in targetirigpola virus infection in cell or
animal studies mayinclude favipiravir chlaoquine, amiodarone dronedarone
verapami] clomiphene toremifeneand IFN. (Diagran)
(1) Favipiravir
Viral RNA polymerase inhibitofavipiravir which is registeredin Japan for the
treatment of influenza virus infectidslocks the replicgon of many other RNA
viruses*"*® Favipiraviris ableto suppress theeplication ofEBOV in cell culture
Favipiravir, initiated at day 6 poseEBOV infection induced rapid virus clearance,
reduced biochemical parameters of disease severitprandnted a lethautcome
in 100% of mice lacking the type | interferon recepf8rOral favipiravir at a
twice-daily dosingfor fourteen days is able tovgi 100% protection against aerosol
Ebola virus infection imnimmunedeficient micemodel>*>*
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(2) Chloroquine

Anti-malarial drug bloroquineis ableto increase the endosomal pAn acidic
endosomal environment is important for {hid-dependent activation aysteine
protease€atB andCatL, the enzymeesponsible fothe cleavage dEbola virus
GP; essential forendosomalvirushost membrane fusioh®°*>* However, a
recent studysingCatB and CatL deficientmouse model fothe study ofEBOV

infection demonstrate th&atB and CatL activity is natbsolutelyrequired for
EBOQV replication. EBOV glycoprotein cleavage seems to be media@ttmader
spectrum ofproteases making therapeutic approadhegetinglimited proteases
unlikely to be beneficial to combat EBOV infectiohs
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Multiple cationic amphiphiles includingmiodarone dronedarone verapamil
clomipheneand tremifene have been identified as potennhibitor of EBOV
entry in an NPCHependent fashion Amiodarone at concentrations that are
routinely reached in human seruduring antiarrhythmic therapy(1.5-2.5ug/ml)
is a potent inhibitor of filovirus cell entthrough late endosomef G 0.25g/ml
for EBOVDy inducinga NiemannrPick Gike phenotype Significant inhibitiorwas
seen in most endothelial and epithelialllse(macrophage, monocyte, endothelial
cells) except primary hepatocyte and fibroblasthe Inhibitory effect of

amiodaroneon EBOV entrwasdose dependent and reversible upon removal of
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drug. Prolonged exposure to amiodarone will not lead to compensatoayge in
host cell.A similar inhibitory property was observed with the amiodaraekated
agent dronedarone and thetype calcium channel blocker veraparfif®ss

The antiEbola virus activity oflemipheneand toremifene is not dependent on

its estrogen receptor antagonigt action but due to its ability to induca
NiemannPick Glike phenotype to inhibit viral entry at late endosome
Qomiphene and toremifene does not disrupt the interaction between primed
GR and NPCbut mediate the entry block indirectly through NPC1 by targeting
other endosomal/lysosomal proteins involved in the cholesterol uptake pathway
whose function may be regulated by NP@lomipheneand toremifene at 60
mg/kg every other dayhave been shown to psduce a 90%and 50%survival
respectivelyin EBOV infected mice compared with 100% tality in the control
groupin an in vivamurine Ebolanfection model They are effective in both male
and female micé®>® However therapeutic dose against EBOV canbet
achieved with oral clomiphendor ovulation inductionin humans®®:®!:%2
Therapeutic dose against EBVO with tolerable side effect can be achieved with
toremifene at an oral dose useth humantrial for the treatmentof advanced
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carcinoma of breast?®*®>® Toremifeneis well absorbed and 99% bound to
plasma protein. Toremifene undergoes extensive liver metabolisand
enterohepatic recirculationThe majority of a dose of toremifene is excreted as
metabolites in faeceslhe long haHife of toremifene may be due to both plasma
protein binding ancenterohepatic recirculatiot?”®®

(4) Interferonbeta
IFN-b is able to inducénterferoninducible transmembrane protejpoductionto
restrict entry of Ebola viru$® Early postexposure treatment with [FEN
significantly increased survival time of rhesus macadufested with a lethal dose
of Ebola virus, although=N-b alonefailed to alter mortalitylFN-b t r eat ment
associated with a trend towards lower plasma and tissue viral burden and
proinflammatory cytokines production.

Thee is a desperate neefr a viable treatment protocol in Africa engender hope

to encourage people with symptoms and their close contacts to come to hospital to
limit spread of the diseaseThis couldalso help in recruiting and maintaining
adequate levels of hospital staffs wiape at high risk of catching thesdases WHO

has advised that the use of experimental medications and vacaimeer the
exceptional circumstances of this outbreak is ethically justifiable. However, existing
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supplies of allthese experimental medicationsare either extremely limited or
exhausted: Before these experimental agents are availablefo combat such
unprecedented global publicealth crisis, alternative intervention thamay be
effective against Ebola virus should be explorethe management bhuman Ebola
virus infection

Ebola viruses have undergomerapid mutation during its spread through humans.
The virus amassed 50 mutations during its first mofftH’? Ebola virus is an
enveloped filamentouskRNAvirus RNA virugeplication is highly error pronavith
nearly one viral mutation occurs during each cycle of replicatRNA viruses
replicate with extremely high mutation rates and exhibit significant genetic diversity.
Thisgenetic and antigenidiversity allowghe viral population toevolve resistance to
antiviral drugsand vaccine$*’* Therefore combination therapy are introducéd

the treatment of RNA virus infection suchtasman immunodeficiency virds® and
hepatitis C virus'’® to prevent the develop of drug resistand8iven the broad cell
tropism and high replication rate of EBOV dueptiient suppression of both innate
and adaptie immune response of the hosly itsencoded VP3%and VP24 protein
patient with EBOV infection has an extremely high viral load. The selective pressure
in the presence ohigh mutation rateand viral load during human EBOV infection
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make the evolution ofEBOV viraktrains resistant to a sgle drug inevitable
Therefore, acocktail of currently available agents that are targeting different staps
the replication cgle of Ebola virus should be considered $wmppress viral
proliferation to prolong survival in order tallow the development & natural body
immune defenseagainst Ebola virughe goal of a treatment regimeoontaining a
cocktail of antiviral medications targeting different cycles of EBOV replicatoto
achieve maximal uppression of viral replication to prevent the rapidwedop of
EBOV toFavipiravir the currently available medication that has been shown to
reduce the replication of EBOY?*®!

A proposed regime basing oanimal and cell studies is attached. (Diagram 2)
Amiodarone and favipiravir are affordable andstockpileable inoral preparatiors.
These propertiesmay be advantageous to the treatment of Ebola virus infection
resourceconstrained geographical regions where outbreaks of filoviral infection
frequently occur.In more affluent countriestoremifene can be added on the
treatment regime to protect the liver cellsecause amiodarone has no protective
actionin the liver However, both amiodarone anaitemifenecan increase QTc and
increase the risk oforsades de pointeherefore QTshould be monitored if dual
therapy is being consideredThe avoidance of intravenous administration will
prevent needle prick injuryin healthcare workers while caring for the infected
patients.IFN@ may have potenti al as apyrforlgh) uncti v
risk exposure such as needle prick injury because the reduction in viral load and
cytokine dysregulation coupled with optimal supportive therapy may improve the
chance of survival of the host to allow the development of natural immunity to
cortrol the underlying Ebola virus infection.

" Domingo E. Quasispecies and the development of new antiviral strategies. Prog Drug Res.
2003;60:133%58.

% Holmes EC. Error thresholds and the constraints to RNA virus evolution. Trends Microbiol. 2003
Dec;1112):5436.

8 Andrei G, De Clercq E. Molecular approaches for the treatment of hemorrhagic fever virus
infections. Antiviral Res. 1993 Sep;22(1)74b
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Medications Mechanism of Ation
CHoroquine' Chloroquineleadsto alkalinization of the late

endosomes and prevesthe acid pHdependent
cleavage oEbola viru$sR by endosomal protease
cathepsin BandL

Cationic amphiphiles These agentsduce a Niemamfrick Gike

- Amiodaroné phenotypeand blockhe entry of Ebola virus

- Dronedaronk through late endosomes

- Verapamft

- Clomiphene

Favipiravir Favipiravirinhibit proliferation ofEbola virus
through suppression ofiral RNA polymerase.

Interferon- beta (IFN-) IFNB is able to inducenterferon-inducible

transmembrane protein§lFITMPproductionto
restrict entry of Ebola virusFN( may reduce viral
load and preinflammatory cytokine production.

1: Chloroquine Amiodaroneand Dronedaroneadministration is associated with an
increa®d risk of QT prolongation aniirsades de pointes
2: Verapamil should be avoided in patient with bygnsion.

Diagram 1Schematic diagram showing the replication cycle of Ebola virughend
site of action otturrently availableherapeuticmedicatiors against Ebola virus
infection.




Therapeutic Strategies Basing on Available Agent
For Ebola Virus Prophylaxis and Treatment

Ebola Virus Available Agent
Prophylaxis ! Amiodarone
Post Needle Prick [FN- + Amiodarone (macrophage, monocyte &
Injury endothelial cell)  toremifene (liver) 23 +
Prophylaxis Favipiravir
+ Treatment Amiodarone (macrophage, monocyte & endothelial

cell) + toremifene (liver) ? -* + Favipiravir +
supportive care + correction of coagulopathy +
early nutritional support

1. 1mlofblood may contain 10 *-'? virions in terminally ill patient and pin-prick injury may
lead to injection of over 1 million virions. Prophylactic therapy may prevent our
macrophage, monocyte and endothelial cells immediately from infection after needle prick
injury and allow time for consideration of IFN-p and Favipiravir therapy.

Amiodarone is unable to protect liver cells from Ebola virus infection.

Both amiodarone and toremifene can increase the risk of QT prolongation and
Torsades de pointes

Diagram 2: Proposettherapeutic strategies basing on available agdotshe
prophylaxis and treatment of Ebola virus



