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Headlines

@ Current paradigm: ‘magic bullet’

® New paradigm: informational drug

@ Polypotency and multifunctionality

@ Design of hybrid polyfunctional molecules

® Simple construction: binary drugs

& Complex hybrid molecules

® Non-covalent complexes: a road to individuality
® Perspectives




‘Magic bullet’ concept

Paul Ehrlic

‘Magic bullet’ - chemical .
substances that can be used g — !
to destroy pathogenic ' e, - .
organisms by virtue of their 5
particular affinity for such !
pathogens.

Nowadays,'magic bullets’
are more frequently
envisaged as being side-
effect-free

drugs specifically targeted
to particular individuals with “fo use synthetic chemistry to modify the

particular diseases.(NRDD, starting material chemically in various ways
2004) and analyse the resulting products for their
quality to heal” — Paul Ehrlich

-2010, 5 -8 November 2010 Moscow




‘Magic bullet’ concept

Paul Ehrlich

One target —
ohe drug

/ A human \

suffers from a
lot of diseases.
Each disease
has only one
molecular
target (one

\__dene).

Genomics, proteomics ...
Computer aided drug design
Combinatorial synthesis
Throughput screening

A human as a molecular machine 24

8 November 2010 Moscow




A wide range of ‘magic bullets’

Drugs prescribed to one patient during a year

Ananpunis
Cepoon
Memonponon

Kopungap, kopoagaexc
AMIOOURUH, HOPMOOURIH

JHan
Beprusnpun

Huoananiuo, apugon
Bupomnupos

Ruapurid
Aurmicmen
Arrony puHon

llempaiexc
Hurnogenar
KapouACK, mpombo-ACC

ORrurapo-pemapo,
MOHOYUHKEe-Pemapo,
e KIMpPOT

Hucmon
Kaompunsison
Henmorcugunny
Hupecyjeman
Bunnoyemun
bposezercun
Adpayorin
BuoMarc

-8 November 2010 Moscow
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A wide range of ‘magic bullets’
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Shortcomings of MONOfunctional ‘magic bullets’

® In reality, monofunctional compound does not exist. (‘Magic
bullet’ designer often ignore this fact).

® Therapeutic effect is a result of ACTIVE drug-organism
INTERaction.

® Any drug disturbs informational state of organism influencing
various receptor systems.

® Organism affect drugs via inner environment properties and
determines healing effect via the state of receptor and transport
systems.

® Designed as monofunctional the drug, as a rule, can’t overcome
the organism resistance that forces dosage increasing.

-2010, 5 =8 November 2010 Moscow




More than a half of drugs are withdrawn from the market due to
sudden toxic effects

Drug

Baycal
Durzel
Fen-phen
Lelronsx

Propulzid

Raplon
Eruin
Saldare

Saelznne

Trowan

Zyflc

Company
Sayer

Wyalh-Ayersl
Wyeth-Ayerst
GlaxoSmith=line

wanssen

Organon
arke-Davis/
Warnsr-Larnoerl

Hoachsl

Jristol-Myers
Squibb

Sfizar

Aokbott

Disease/indication
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Pan
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Anesthesa
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Allergy

Depression
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Cardiac: srrhythimia
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Cardiac zrrhythmia
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Action
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23
Wilhdrawn
1395
Withorawm
1008
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2200
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2000
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200
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2200
Wilhdraemn
1395
Selective
withcrawal
2203

Mew
rastrictions

Maw
raslriclions
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New paradigm: multifunctional drugs

One drug —
many targets

“A human has
onhly one chronic
disease, that
manifests in multiplicity
of symptoms
and is a result of
intervention of
imperfect mind
into delicate regulation

processes _
within the organism” System biology

Sergei Konovalov Network pharmacology
Informational biology

3 November 20 10 DS'CW'




Informational-energetic Theory

Founded by Sergey Konovalov (SPb, Russia)

® A human is mainly an informational entity.

@ His physical body is govered and supported by complex
multylayer informational framework.

® Disturbances in this framework lead to instability of
regulatory system, breaks in informational threads and
links.

@ At the physical level all information flows are realized
through fluxes of signhal molecules. Their excess or
shortage is a key component of iliness manifestation.
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Information

‘Information is information,
neither matter nor energy. No
materialism that fails to take
account of this can survive
the present day.’

Wiener, N. (1961).

Cybernetics, or control and
communication in animal and
machine, 2nd Ed. Cambridge,

MA: MIT press, P. 132.
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Polypotency and multifunctionality

® All chemical compounds acting within the living bodies are
polypotent (by definition).
® Multifunctionality is a result of interaction of polypotent

chemical substances with various molecular targets —
receptors.

® Receptor — any molecule capable to transmit its structural
changes, evoked by ligand, downstream the informational
hetwork.

® Signal molecules — polypotent chemical substances
forming information flow.

® To enlarge the potency spectra of sighal molecules we are
to combine them creating multifunctional drugs.




Pharmacological strategies

® |Independent dosage of the drugs — COMPLEX DRUG
THERAPY

® Fixed-ratio combination of two (or more) drugs in one
dosage form - COMBINED DRUGS

& Combination two or more mechanisms of action in one
molecule —- MULTIFUNCTIONAL DRUGS

® Conjugation of two monofunctional drugs in one molecule
— HYBRID DRUGS

® Combination of several multifunctional drugs in one
molecule — HYBRID MULTIFUNCTIONAL DRUGS




An example of polyfunctionality of
endogenous compounds

Apoptosis signal-regulating kinase 1 (ASK1) is a mitogen-activated protein

kinase (MAPK) kinase kinase which activates the c-Jun N-terminal kinase
(JNK) and p38 MAPK pathways. ASK1 is preferentially activated in
response to various types of stress, such as oxidative stress and
endoplasmic reticulum stress, and has pivotal roles in a wide variety of
cellular responses, including apoptosis and cell differentiation.

This molecule exists in 32 states, has 40 transitions
between these states and has 7 enzyme functions

A. Matsuzawa, K. Takeda, H. Ichijo, UCSD-Nature Molecule Pages, 2010




Network hubs a good objects for
therapeutic manipulations

Some proteins acts as
iInformation collectors,
processors and transmitters
(network hubs)
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lybrid (binary) drugs

Drug 1

Hybrid drug
(two together)

Drug 1 Drug 2

] ] deazaflavin—steroid
Chimeric drug antiproliferative

(two within a one) A.R. Shrestha, et al. 2008

HIT-2010 , 5 — 8 November 2010 Moscow




Hybrid antimalarian drug

Malaria kills between 1 and 2 million people per year

Plasmodium
falciparum

Symptoms of

Malaria

Central ~—Skin
- Headache / Chil
Yoo} / - Chills

Systemic 0 ¥ / - Sweating

|

- Fever B /

/ Respiratory
V - Dry cough
‘;—Spleen

Wl - Enlarge-
Back A 5 it

Muscular—
- Fatigue -L,
-Pain & F

Stomach
- Nausea
- Vomiting




Hybrid antimalarian drug

Artemisinin

Qlinine - ,., | -_'_

Cinchona pubescens

Combinations of
artemisinins, which Kill
parasites rapidly but
are also rapidly
excreted, with longer
half-life antimalarial
agents are favoured in
order to achieve full
eradication of parasites
and prevent the
recrudescence
commonly found with
artemisinin
monotherapy.

olin,

2007}




Hybrid (binary) antimalarian drug
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Hybrid NO-donating polyfunctional compounds
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Prostaglandins — polyfunctional compounds
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Polyfunctional nitric oxide (NO)

LOW COMCENTRATION
OF NGO

HIGH CONCEMTRATION
OF NO

DNA
deamination

transcription
factors

heme-

containing e nz;me?‘-'"'"
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soluble GC
CGMP——CNE
PHG""'/.F ™\

pra FD

nitration
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nitrosylation
{Cy=-NO|
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Design of NO-PGs

Nitric oxide generator

Prostaglandin " Nitric oxide
i -

Increasing effecfs of prostaglandin by

addition of NO effects Address delivery of NO to

the cells carrying PG-
receptors
Biocompatible component

(dlycerol)

-2010, 5 =8 November 2010 Moscow




Why organic nitrates? -0O-NO,

@ Absence of spontaneous NO generation
Possibility of

® NO releasing is thiol ~depending process e
. S elivery
(protein participation)

@ Bioactivation releases hydroxyl group

@ Conversion into nitroester changes ligand

properties and pharmacokinetic of natural
compounds

® Perhaps are endogenous compounds




Endocannabinoids — prostaglandins

lon

Channels

GPRA40, Cox w.l o
GPR120

PG Receptoral

PG Reoeploms Drphan Recoplors ;
I s Sallee Varlants

MNuclear Roceptars

ed from Carol A Rouzer and Lawrence J. Marmet, JBC




Dinitroglycerol esters of prostaglandins
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Prostanit as smooth muscle modulators

PGE,-DNG

Activity { EC, 41Vl

PROSTANIT® PGE,

Rat aorta 2.0+0.9 0.16+0.11
relaxation contraction

Rat uterus 0.33+0.08 2.7+0.8
contraction

Rat stomach 0.3£0.12 0.04+0.01
contraction
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Nitroproston as bronchodilatator

PGE,-DNG

Patient kr.

Patient T,

Patlent Ra.

Patent Ru.

1.0 148 20
Tirme after inhalation, hrs.

Single dose of nitroproston as
a solution via inhalation

(7.5 Jg per inhalation) evoked
long lasting increase of
maximal volume velocity of
expiration.

Patients with obstructive
bronchitis and asthma.

Max. volume
MYV 25%

MVY 25-T5%

B %k

Patient Patient Patient ZHDE'”E”””"“

A B C HHME AL HH




aspirin - tfm—

SURPRISE This aspirin-NO donor hybrid doesn't behave as expected. After hydrolysis, the fragment
containing the spacer and the =NO; group undergoes a 1.6-elimination to form quinone methide.

Hydrolysis e "

e N
i -

Quinone
methide




Peptolipins as hybrid multifunctional substances

) A set of 4 )
Lipid properties Peptide

e Lopla Ly k] {P1, Pa, P35, Py...P}
&

Peptolipin

(g s L L,
P,, P,, Ps, Py...P,}

. Statingpeptide ™




The medical problem

Insult
® Disturbances of cerebral blood flow
Increasing of local blood flow avoiding system effect
® High risk of thrombosis due to massive releasing of
pro-aggregants
Application of mild antiaggregants

® Conseguence of ischemic damage of the brain
Application of neuroprotectors




Selection criteria

& Increasing of local cerebral flow

® minimal influence upon arterial blood
pressure

® absence of Individual sensitivity

® marked anti-aggregation
(anti-platelet) effect

® neuroprotection




Composition of multifunctional drug

& 1) neurotropic peptide with positive clinical history
(neuroprotection)

& 2) neuroactive lipid
(cerebral blood flow, anti-aggregation, neuroprotection)

® 3) linker — low molecular weight drug substance increasing cerebral
blood flow

1) Met-Glu-His-Phe-Pro-Gly-Pro 3) GABA
2) N-acyldopamines -

Feerreru*srum :
5 N l

BA
ﬁ&mﬂiﬂ'




Polypotency of acyldopamines

fatty acid 9 Dl

Arachidonoyl dopamine (AA-DA) Oleoyl dopamine (OI-DA)

Agonists

Cannabinoid receptors - CB1, CB2

Vanilloid receptor — TRPV1

GPR 119 (OI-DA)

Antagonists

Cold and menthol receptor 1 - TRPM8 (AA-DA)
Other activities

Inhibition the HIV-1-LTR promoter (LTR-Luc)
Inhibition T-type Ca2*-channels

-2010, 5 -8 November 2010 Moscow




Structure-Activity Relationship of NADA
at Cannabinoid Receptor 1

Arachidonoy Activity strongly depends
Aap Aok on FA moiety

Headgroup
geometry

1

._ »

Ki, nM
_ AA-DA 100
Ki, nM AA-4mDA 190
AA-DA 100 AA-3mDA 310
22:5-DA 425 AA-6DA 10000
EPA-DA 475 n

Pin-DA 1050 Ki, nM
18:4-DA 2000 AA-DA 100
Lin-DA 2150 alphadiMe-AA-DA 10000

-2010, 5 -8 November 2010 Moscow




Lipid component of peptolipin

Cerebral blood
flow

Docosahexaenoyl
dopamine (DHA-DA)




Lipid component of peptolipin

K* deprivation of primary culture of

cerebellum granular neurons, MTT
test data

Té_ =

Antiplatelet effect of DHA-DA
(human platelet reach plasma

% induced by arachidonic acid
Y (Amax; %)

«’\@ £
@a@o‘# i

>
(@Q Neuroprotection

-2010, 5 -8 November 2010 Moscow




Final structure of multifunctional peptolipin

spacer
OXL1212 (Gaboid)




Synthetic approach to peptolipins

NH
PEPTIDE
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Llipid part of peptolipin (OXL1212) increases local cerebral flow (LCF) in
rats with transient global ischemia

100.000

-20.000
120.000

Freszure

ischemia reperfusion

minutes *

| |
Bpema, muu 0XL1212 1 mgke, iv &0

o010 . 3 November 20 10 DSCW




Antiplatelet activity of peptolipin and its
components

Platelet reach human plasma, inducing by arachidonic acid
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Full size peptolipin possesses antiplatelet activity




Neuroprotection by peptolipin and its
component in K*-serum deprivation model

Full size peptolipin is
non toxic!

protection
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Non-covalent complexes: a road to individuality

Can we proof that drug
molecule acts as each
taken separately?

How to achieve the
monomolecular form of
drug compound?

T-2010, 5 —8 November 2010 M




sShortcomings of recombinant proteins

& |nstability (in vitro and vivo)

® Nonresistance towards
proteases

® ow clearance time
® [mmunogenity

® Side effects (especially at long-
term application)

T-2010, 5 -8 November 2010 Moscow
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PEGylation: individuality that was changed

e WP N S NP N e W W

PEGylation Is the process of attachment of polyethylene
glycol (PEG) polymer chains to a drug or therapeutic protein.

Increase in solubility
due to the PEG

hydroohilicity

X" Decreased
Increase in size _ accessibility for

X =1 '
to reduce kidney Protein proteclytic enzymes

filtration ; and antibodies

PEG . .
Information in protein

is dramatically
changed

s

HiT.20 10 ! £ _¢f ‘ o OSCOW




Polysialic acid (PSA) — soluble biopolymer
Involved in neural cell adhesion

TR

IR

N-acetyl neuraminic acid

OH

SN

=
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Non-covalent complexes of insulin with
slalic acid
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one molecule of protein
nanocomplex

More than 60% of PSA are carrying

10-20 HM
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Prolongation without dosage increasing
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Two approaches

The best remedy
from all ilinesses

Molecular surgery — to kill the enemy.
Paradigm — magic bullets.

Molecular therapy —to restore the
power of organism.

Paradigm — informational drugs.




lliness «— Health

lliness is a way how an organism survived
in inadequate environment conditions

We are to help our
organism instead of
struggling against it.

November 2010 M




Informational drug

» Capable to repair abnormalities of
Informational framework.

» Combines the structures of two (or more)
endogenous sighal molecules. One of them is
lipid or peptide.

» Absence of foreign molecular fragments in
the structure.
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ERA IN BIOLOGY

Descriptive biology

W Structure —
functional biology

1
]
1N
i

1

y

__ !
o

System biology

Informational biclogy

HiT-2010, 5 — 8 November 2010 Moscow
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“The iliness is too negligible
to give up.”
Sergei Konovalov
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