OVERVIEW

> Viruses are obligate intracellular parasites.
> they lack both cell wall and cell membrane.
> They don’t carry out metabolic processes .
> viral reproduction uses much of the host’s metabolic
machinery .
» viruses are not affected by antimicrobial agent.

» Certain viruses multiply in the cytoplasm but others do in th

nucleus.
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e RNA viruses:

 Orthomyxoviruses (influenza)
Paramyxoviruses (measles 4xasll, mumps HSl)
Rubella virus (German measles &slad¥! iuasl)

Rhabdovirus (rabies S ¢1)

Picornavirus (colds, meningitis, HAV, poliomyelitis

Hepacivirus (Hepatitis C virus (HCV))

Retroviruses ?:um..w.ﬂ.nm.__._ lukemia)

Arenaviruses (lassa fever)
Arbovirus (yellow fever)
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|Valacyclovir|-> prodrug [Acyclovir] vy QUi

* Valacyclovir is the l-valyl ester of acyclovir. (acycloguanosine):—snfov-Hilf %w%m.
=d SN2
..4-
* The active metabolite of acyclovirinhibits ﬂzm.«mu_ﬁm_ﬂmﬁ in two ways:
1., Acyclovirtriphosphate acts as a competitive inhibitor for the

it

=  Acyclovir: Pharmacokinetics
- Fairly poor oral absorption (15-30%)
= Improved by design of suitable prodiugs:

. incorporation of deoxyguanosine triphosphate (dGTP)iinto the viral
it il DNA.
N . S i s 2. » In addition, acyclovir that is incorporated into viral DNA acts as a
£ T B chain terminator because it lacks the 3-hydroxy group necessary for
mn A~ o] & further chain m‘oammﬂ_cz
s W oMN Y * Because acyclovir requires the viral kinase for initial phosphorylation,
(50% oral atsorpiion) M acyclovir is selectively activated—and the active'metabolite »
~_0 H accumulates— only in infected cells.
NE N e 3
A _.h.,. Py xanthne i oy
H:N" N7 q_ . it L\
Ho -0~
desciclovie

(=70% oral absorplan)
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[Famciclovir= oval Acyclovir
* Prodrug oﬁE S, ahe ﬂ: C O.— Amnﬂn_ﬂw_._m_:om:._mu
» After oral administration, famciclovir is rapidly deacetylated .
and oxidized by first-pass metabolism to penciclovir. | u_ﬁ_u_.“.. g N .
. . i o + IV, oral (poor 15- , topical .
» As with acyclovir, activation by phosphorylation is catalyzed by " . .
the virus-specified thymidine kinase in infected cells, followed | * Well distributed ﬂ._:, oughout the body including CSF..
by competitive inhibition of the viral DNA polymerase to block * Excreted by the kidney.
DNA synthesis. Adverse effect: . L
bt wawe, Y « topical administration :local irritation-.
L= .\r.\{v .\r} + oral: headache, diarrhea, nausea.
...,mu?»wi ki . « |V.: transient renal dysfunction at high doses. ..
Fameic s Devaaety Mameiclosir rua:._?e_.H.r._.. mmmmMﬂNSHWH . .
h_ « can develop in HSV or VZV through alteration.in either the
N viral thymidine kinase or the DNA polymerase .

Fxereion +—— H_F \H\\_M.v ;
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Viral Hepatitis -

~Agents To Treat Cytomegalovirus (EMV) Infections

i Heputocedular *  Malganciclovir. an l-valyl ester prodrug of ganciclovir,
amn ﬁ._.:ﬂdﬁmuumm.mw M“.mhmmm ”.._._hm far identified Pt s B8 * Ga .._nqn_niq_...wu_.. acyclic guanosine analog (an .m:u..ﬁ.& acycloyif that has greater
yper A, B, C, D, an each have a o1 activity against CMV)> inalog of
u_wnm: omﬁm:mmw mnnm_ﬂmnm:.-. _ﬂacu?ﬂ._m *  Cidofovirs.a cytosine nucleotide analog...does not require phosphorylatio Bi
replication in and destruction o . . L.

" Foscarent...an inorganic pyrophosphate analog that inhibits herpesvirus NA
polymerase, RNA \ polymerase, and HiV.reverse transcriptase a:wﬂii_.._._oﬁw
requiring activation by ,wznmmrni_mmﬁm. j

TABLE49-2 Agentsto n-..-:ﬁuﬂ-mu_ﬂt_.:-._gﬁ ...,.._._,.-ﬁ_ua.

hepatocytes.

* Ofthis group, hepatitis B (a DNA virus)-
and hepatitis C (an mZb.&E.ﬂbE the

most common causes of chronic hepatitis e e - -
o i = Valganociows Cva W petaratsy o v Fdarter ¥00 g bed « 11 tan
cirrhosis, and hepatocellular carcinoma . FORHEPATIC VIRAL INFECTIONS Vo S ane mn_q..q.__; «.Wwﬁ_mn&. - Mamsaranca 98 g duty
and are the only hepaticviral infections Adefovir virsina _ o o e liiGiin
for which H—uﬂ_ﬂﬂw. Wﬁﬁﬂlmm_mn—ﬂ.mf%.——mmzﬂ. Boceprevir v 15t Ganodlowr Itsensi M retiranss roestrret indction § Mg 317k = 14-11 Jap
B : Entecavir :252c 10s oancicloviy AN ez -
Interferon "Tan svony G.angiclev, u._HWmv ot
Lamivudine t5vs ki Farscar et oo ] a:pw.h.nﬂﬂ:.uadga W80 %0 g et Iy -
Pegylated interferon recas e ﬂ.ﬂ. scarg _3_+ -.rw.. p\. _ﬂ F..Ju...ﬂs 128 morhgrd
PEGINTRON = % T (S ——
Telaprevir ncivis Ci m_ Ms_ Do, =St AN | e ..t#...hﬂi”h@’
Telbivudine T+7xn ¥

“Tienae mas? b mciscod 1 patnts weh meal mLEROACY

Tenofovir Vvinran

Anti-Hepatitis Agents

1D
(_Interferons |-

* Interferons are a family of naturally occurring, inducible glycoproteins that
interfere with the ability of viruses to infect cells. The interferons are
synthesized by recombinant UZhﬂmﬂ:ﬁD_omx. - > SH _ _J e _.,.u a .ﬂ _ .ﬂ _ S} mm 3._..m

* Atleast Eﬂmmm«umbﬁ interferons exist—a, B, and y»

One of the 15 interferon-a glycoproteins, interferon-a-2b has been
~approved for treatment of hepatitis B and C..
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Anti-Hepatitis Agents
AP

‘Mechanism of action: Interferon alfa.appears to function by induction of
@ intracellular signals following binding to specific cell membrane receptors,
resulting in inhibition of viral penetration, translation, transcription,
protein processin aturation, and release.
* aswell as m:nqmmmﬂoﬂ expression of Eﬂ.on_.__ﬂommwanmﬁa:_. complex
antigens, enhanced n:mmmmﬂn activity of Smnﬂﬁmmmw andezy G
augmentation of the proliferation and survival of cytotoxic T cells.

Anti-Hepatitis Agents

* Interferons

* In “pegylated” H_mﬁac_msony bis-monomethoxy polyethylene glycol has
been covalently attached:to either interferon-a-2a or -a-2bto ificrease the .

size of the molecule,

= The larger molecular size delays a bsorption from the injection site;

absorphon

lengthens the duration of action of the drug, and also decreases its $ Juration

clearance.

v

4 cleardne

* Injectable preparations of interferon alfa are available for treatment of
both HBV and HCV infections (either subcutaneously or L,:ﬁ_.ma_wunc_mq_i

%

L™

Anti-Hepatitis Agents

Virus '

TABLE 49-6 Drugs used to treat viral hepatitis.

Apent Indreatien

Recamirended Aduft Dasage

Route of Adméniviation

Nuleoside/nucleotide analogs
}uiq..:&u.-.u.:. Cheoeit heptica B
Chegniz hepatais 8

Entecase’

10mgod

3pamg ed
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Orad
Orad
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Anti-Hepatitis Agen ; e
@ P \gents Anti-Hepatitis Agents
: B PrewV pexony
« Boceprevir and telaprevir are E.m_ antiviral agents for the adjunctive = * Adverse effects: __3*_,.w o .m..N i 3 deasd\ meha___.._
treatment-of chronic HCV. . « « flu-like syndrome {ie, headache, fevers, chills; mybligias, and Nm aise) that
« They are protease inhibitors, thus inhibiting viral replication in host cells. typically accurs within 6 hours after dosing in more than 30% of patients
- They have a low barrier to resistance and, when used as monotherapy, during the first week of therapy and tends to resolve upon continued
resistance quickly develops. Therefore, boceprevir or telaprevir should be administration.
used in combination with peginterferon alfa and ribavirin in order to
improve response rates and reduce the emergence of viral resistance.
. Metabolized by the CYP3A4/5 pathways and are inhibitors of CYP3A4/5 -
and P-glycoprotein'transporter.
- Co-administration with numerous drugs is contraindicated, including
rifainpin, ergot derivatives, cisapride, lovastatin, simvastatin, alfuzosin,
sildenafil or tadalafil when used for pulmonary hypertension, pimozide,
st. John's wort, triazolam, and midazolam. 32 w\s #
L] h 7
4_.,_.._ ‘O_q._w.__munm‘.l.__mMm *Gamﬁﬁt | w
S = {\denafil
\am AP ——
2% , B
- NH
a\fuz > 0817 .
5 2 | . 1 =
R fampin — Anti-Hepatitis Agents (™)
> z\rn
evgot simvastatin Lamivudine ) La” e
: 1 : i first developed for HIV:
CiSapr g LoV asStatin « Cytosine analog first develop ;
—_—
ul g bes « Lower dose used for:HBV (100 mg/ ay) H
. MOA:
- za drugs . .
Anti _3.2 uenza & « Itis phosphorylated to the triphosphate which competes i
with:dCTP:for incorporation into growing DNA chains, CaUSt g

n:m_ﬂ:._ﬁs.;:mzc? .
« This noiuoc:a competitively inhibits HBV DNA polymerase
at concentrations that have negligible &

—
polymerase.
P\

ffects on host DNA &
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gelabolism o crbtion: Anti-Influenza drugs

; . . : ; : . A. ;Bmzméhﬂ Rimantadine|(Inhibitors of viral cﬁomﬁﬁ%
Amantadine; Well can® By kidney

absorbe + . Rimantadine is an a-methyl.derivative of amantadine

e. « MOA: block the M2 proton ion channel of the virus particle
and inhibit uncoatingof the viral RNA within infected host

.Eauzﬂn._:mim__ . mmsmzmzmi_%ﬁ. nm__m;_::mEm,..m:c_..m_ﬁmﬁn__nmﬁ_a:.
absorbed é
nc..m_:_v :

i oo 1 @ g[S
% 4 Dose reductions are 8&3& for both agents in the elderl
' and in patients with renal insufficiency, and forrimantadine

| .E.._umzmam with marked hepatic insufficiency. -

v .,
BXGIC IO

metabolized

Amantadine/ Rimantadine

el

Adverse effects: o e i . & :
5. CNS effect (insomnia, dizziness, ataxia, hallucinations, and _ Piﬁﬁﬁwazﬁ and Mﬂ_gﬁzﬁﬁa_:ﬁ.
seizure). _

~ Mechanism of Action

> Both agents are teratogenic in rodents, and birth defects have
been reported after exposure during pregnancy.

» Gl effect (anorexia , nausea )

« Blocks M2 protein
© —  channel (lype A only)

« Distupts hydrogen

i C B 3 T.\.n.r (N w._ D.O\:os .mu,_.: ﬁﬁmm:n._‘l.. wWoMmm 0 : : iy - {ransport, viral uneoating

n host cell and therelore

Resistance: Change in amino acid of the M2 matrix protein 4 e viral RNA transeription

« due to high rates of resistance in both H1N1 and H3N2
viruses, these agents are no longer recommended for the

prevention or treatment of influenza.
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ANTIRETROVIRAL AGENTS

&8

AGENTS
.-Dln.r.,r&f f...vh.w...ﬂ.nw.m_. C...Tw.ullh_.DL |

XHIV~ the Human Immunodeficiency Virus is the
retrovirus that causes AIDS.

@:ﬁ%& Ho@.mnmuﬁoa to enter nm_ll__m__ cD4' )

cells). i
bﬂ. Lk = o
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B}.Oseltamivir (Tamiflu) /-Zanamavir |
(Neuraminidase inhibitors)

» Influenza A & B
- .MOA : Neuraminidase.inhibitors so these

drugs prevent.the release of new virions and their spread from
cell.

Tuosles Pesad Canll
Cree | REeuramyaidase inhinlor, virus repicalion procesds.

Dawvghite cells got § e ta
Ll .

e Pin
i \\.\-.r \.\\. J(./J T - :
A5 B i T i
ol e H“: o =
o e 7 1Y My T — 3!}.!!'—.‘-\ , I* ™
Vet newrarsrndase infubilor, viris repiicalion stops.
- I‘.j_
- Msuramsie bl ase
e e T T
PR LE ' e -
P PTG S
LaE e e - el Varvoes e mot gl redma st
——— = \‘.l-_ .l.-_.’._
-
% PK R
Oseltamivir Zanamivir i
H- . Is taken is either |
+ Oseltamivir: orally inhaled or J
oraliy administered prodrug. adinteterel |
Intranasally

= The dosage is 75 mg twice daily for 5 days _
for treatment and 75 mg once daily for

a o J |
b f...J_ < % | 7% i
prevention. _ b o L

- Zanamavir is administered via oral, |
inhalation. _

*»+Side effect: __

« Oseltamivir: Gl symptoms...Taking , ,:\) i

oseltamivir with food does not interfere | _
with absorption and may decrease | Oseltamivira

nausea and vomiting. \
- Zanamavir: cough, throat discomfort, |

bronchospasm...not recommended for. ki
patients with underlying airway disease.
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“antegonist © *
ANTIRETROVIRAL AGENTS

NN RTYS:
NRT\g

inte: Yoninhibife
; @.‘\h—.m - + us .D.D.__._T__ T ¥t 49-2 major antiretroviral d
in f ; T : ._, L Tm Nucleoside/nucleotide S
. reverse transcrintase Other Significant
c n...$m.m _mp.z_.w inhibitors (NRTIs) Rubirs Prototype Agents
2 Nonnucieoside revarse Hutleowoe reverse Ddoyuoms Abacavir, drfano-
g g . i transcrptase jing, emiricitabire,
transcriptase inhibitors  iahiitars neudine, Stav-

INNRTIS)

3. Protease inhibitors (Pls)
Honnucleoside

4, CCRS5 recentor reverse transcriptase
m:nmmﬂzmmﬁm inhib:tors
5, Fusion inhihitors Protease inhibitars

6. Integrase inhibitors:

lamwvuding, stavu-
ding, zalctabine,
ndovudine

Dalavirdine Efavirenz, etraviring,
neviraping, tenofovir

Iredinavir Amprenavir, ata-
zanavir, darunavir,
indinavir, lopinavir,

Overview of HIV treatment

« Prior to approval of zidovudinein 1987, treatment of HIV
infections focused on decreasing the occurrence of
opportunistic infections that caused a high degree of
morbidity and mortality in AIDS patients.

« Today, the viral life cycle is understood, and a combination of
drugs is used to suppress replication of HIV and restore the
number of CD4 cells and immunocompetence to the host.
.qzmm_.l_,E__..aEm regimerhis commonly referred to asthighly:
active antiretroviral therapy,” or HAART:

raltegravir. nelfinavir, ritonavir,
saguinavir, ipranavr
CCR-5 antagonitt Maraviroc
Fusion inhibitor Enfuvirtide
Enfirvwtide blocks | o 0 ﬁ”u&zqn“.

ANTIRETROVIRAL AGENTS ([ammimtans V5 T T e
Administration of combination : . e e w _ , § A5 : _
antiretroviral therapy, typically E naawamzﬂz .,_ﬂ_,_mauz e | ._ _

Two nuclectide-tide reverss | viral reverse Lran: | r I

including at least three antiretroviral
agents has become the standard of
care (based on potency, susceptibility
and tolerability).

transcriptase inhubrton
plus
G..u_._..nzh&k.::nuz_u-
|+ ritariavir]

or
A nonnucheoside reverse
transeriptase inhilitor

or
An integrase inhibitor

| acriptase. HHTls and

HMETIs inhibat this
enmywve and, thus,

| prevent the synthesis

| of the essential THA
intermediate. Viral prenetration | A Viral RMA Precurson

N | PR
=== Viral RNA
/ Revarse /

&) transcriptase |
inhibiters 1

——
e

WYIIVIVG Viral DHA ,_
Integrase = i
W.ZES-:.D MI%:E.E__?
RO |

inhibsitors this
Proteate Mﬁ!iﬂﬂuﬁ s
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- MOA: "

« Once they enter cells, they are ph
_ Em._hw»o z,_.m corresponding triphosphate analog, which is preferentially
incorporated into the viral DNA by virus [Eveise transciiptase,

"y ¥

oW L1

Phwnndela, -
) - = == P i

Thy e kinade
oW .
(L1 [E1]

. bt i 8

i

“w n (1]
N leastde diphosphate SHE (H1e Fatie Paim FoO)
- . / .
o OH (] (el

NRTIs

+ MOA:
« The NRTIs act by competitive inhibi
transcriptase and incorporation into the gr

tion of HIV-1 reverse
owing viral DNA
o inhibition of

chain causes premature chain termination due t
binding with the incoming nucleotide (because the 3'-
hydro is not present, a 3'.5"-phosphodiester bond

between an incoming nucleoside triphosphate and the
growing DNA chain cannot be formed)

« Resistance: J

. %wmw in S@méa@ﬂm:mn:uamm_._,
—— Sy -..I-|||ll|-l

“NRTls

« NRTIs are considered the “backbone” of antiretroviral therapy and are
generally used in combination with other classes of agents, such as an

NNRTI, PI, or integrase inhibitor.

n in paits, and many are available as coformulations’
Il burden and improve adherence.

hould be avoided; due to gither:

« 'NRTIs are usually give
in order to decrease pi

« However, certain NRTI combinations s

1.* .Drug-drug interactions (eg, didanosine plus tenofovir),

2, Similar resistance patterns (g, lamivudine plus emtricitabine) or

3. o;n_,_m_uum:m__._ox.ﬁ:mm (eg, stavudine plus didanosine).

(I — L
| NRTIs
|
| . NRTIs are analogs of native ribosides, which all lacka 3"
hydroxyl group.
i NH
Thyming ..__ ﬂn;
0 p—0—CH,_ -0
H
; N=N=N
o .,
"% Zidovuding (3-Azido-3 Deoxythymidine AZT)
Approved in 1987, the first agent. vailable for:

treatment of HIV infection 2
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Nonnucleoside reverse

transcriptase inhibltors:
® Defmvirdine
® Efgvirenz

NNRTIs |

Non

® Etravirine
* Nevirapine

MOA.:
The NNRTIs bind directly to HIV-1 reverse transcriptase and inhibit its
activity.

The binding site of NNﬂTls is near to but distinct from that of NRTIs. Unlike
the NRTI agents, NNRTIs neuher compete with nucleoside tnphosphates

Z\)p) nor require phospﬁorvlatmn to be active.

Resistance:
Mutation in reverse transcriptase.

However, there is no cross-resistance between the NNRTIs and the NRTIs;
in fact, some nucleoside-resistant viruses display hypersusceptibility to

NMRTIs.

* Due to the renal excretion of the NRTIs, there are not many drug

NRTIs

* Pharmacokinetics:

* The NRTIs are primarily renally excreted, and all require dosage
adjustment in renal insufficlency except abacaviz which is metabolized by
alcohol dehydrogenase and glucuronyl transferase.

* Drug interactions:

interactions encountered with these agents (compared to NNRTIs)

alechol dehydrogenase.

qlucuronyl transfergse

Cl‘b acavr
&Jrubo\i?_ﬁé

~—y g¢gon + Feauive doge

Honnucleosida reverse

NNRTIs |

transcriptase inhibitors
| ® Delavirdine e Eravinne
& Neviraping

| Ffavirenz
L

» Adverse Effects:
» gastrointestinal intolerance and skin rash.

* Drug interactions:
+ A limitation to use of NNRTI agents as a component of antiretroviral
therapy is their metabolism by the CYP450 system, leading to innumerable

potential drug-drug interactions.
» AlINNRTI agents are substrates for CYP3A4 and can act as:
inducers (nevirapine) N EM-i
+ inhibitors fdefawrdmej é g] ine
* or
* - mixed inducers and inhibitors (efavirenz, etravirine). Q‘Fﬂ +etra,

adjustment

NRTIs

« Adverse effects:

3 due to inhibition of the mitochondrial DNA polymerase in certain tissues.

4

he dideox nucleosides':citah‘me, didanosine, and stavudine,
\fﬁﬁa greater affinity for the mitochondrial DNA polymerase, leading to
such toxicities as peripheral neuropathy, pancreatitis, and lipoatrophy:
» (When more than one NRTI is given, care is taken not to have overlapping
toxicities). @
X All of the NRTIs have been associated with a potentially fatal liver toxicity
characterized by lactic acidosis and hepatomegaly with steatosis.

xNNRT)S) have driug—interection
areater than (n RT19)-
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Protease

s
inhibitprs

F,_uzw [
AT IR RRHY THMICS Quinkding
: LRGOT Genrvatives Ergotamine
Th : i i[ mmwnnlnl. Rifampin
e inhibitory potency of i Piazolms
the compounds lies between
that of ritonavir, the most itk ey
HERRAL SUPPLEMENTS 51 Johin's want

potent inhibitor, and that of
saquinavir, the least potent | ™setoucmse | ot

Slmvastatin

inhibitor of Cyp iIsoenzymes, sl et

s

oS (PHonavi)s | G

the most+ potent
ohibitorcy P s
i & g enzyMmes g okl be

PROTEASE INHIBITORS

coadministered with any

Proteasalnhibitors:

i o Amprenavic * Lophavir

Protease inhibitors | &z 5 gl
® Fosamprendwir ® Saquinavir

& [nainavir L} l'.l:umrrw.'r 7

- The resistance to the RT led to target the HIV protease

- HIV requires specific protease to generate essential
structural proteins of the mature virion core as well as RT

itself,
- This enzyme is essential for the final step of viral proliferation
Jameneta 3y

(RT)

\is &
@9\l8o Gaad sl |

coaed e

f, = o :Zi'measelnhrbutm_ Qg i: Uil‘,al_
the L&t P ol i isoenzymes Survive

‘Fusion inhibitor

Enfuvirtide is a 36-amino-acid peptide that binds to the viral
transmembrane glycoprotein gp41; preventing viral fusion.

* As a peptide,.it must be given subcutaneously.

* Most of the adverse effects are related to the injection,
including pain, erythema, induration, and nodules, which
occur in almost all patients. s >

Y Y-
B3

intngrasa

Protease inhibitors

* Adverse effects:

* Asaclass, Pls are associated with mild-to-
moderate nausea, diarrhea, and dyslipidemia: A
syndrome of redistribution and accumulation o
body fat that results in central obesity,.
dorsocervical fat enlargement (buffalo hump),
peripheral and facial wasting, breast enlargement,
and a cushingoid appearance has been observed.

* Drug interactions:

* Druginteractions are a common problem forall = |
protease inhibitors, because they are not only
substrates but also potent inhibitors of CYP
isozymes,

- ————

Figure 38.29
Accumulation of fat at the base of the
neck In a patient recelving a protease
inhibitor.

'—'_i
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CCR5 receptor antagonists

Maraviroc

* Because it is well absorbed orally, it is formulated as an oral
tablet,

* Maraviroc blocks the CCRS5 co-receptor that works together

with gp41 to facilitate HIV entry through the membrane into
the cell.

* Maraviroc is generally well tolerated.

——

0,3 wl) Jgite &

Integrase Inhibitor

° Raltegravir specifically inhibits the final step in integration of
the viral DNA into host cell DNA.

¢ The route of metabolism is UGT1A1-mediated glucuronidation

and, therefore, drug interactions with CYP450 inducers,
inhibitors, or substrates do not occur.

* Raltegravir is well tolerated, with nausea, headache, and
diarrhea as the most common side effects. More serious side
effects reported include elevated CK (creatine kinase) with
muscle pain and rhabdomyolysis.

insert
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