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Abstract:

Peptidomimetics is nothing but the modification of the peptide structure by bioisosterism so that there is a

significant improvement in the pharmacokinetic properties erstwhile the peptide structure is mimicked in such a

way that each building block of a peptidomimetic resembles an amino acid which was the building block for the

peptide that was mimicked. Different approaches are used to get a potent and efficient inhibitor by peptide

stapling, modifying sequences, and in many other designing ways. Here we are using these approaches to target

the amyloid-B receptors by using inhibitors by preventing or breaking the amyloid aggregation.
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Figure 1: Examples of peptidomimetics
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A Brief Introduction to Alzheimer’s Disease (AD)

Alzheimer’s is one of the incurable disease’s which has no
antidote to treat it as it is neuro degenerative and there is
no drug that is clinically accepted to halt its progression.
Lots of efforts are put in to develop inhibitors that are
peptide-based to inhibit amyloid-B aggregation. A better
understanding is achieved of the AD pathology from what
has been done in the discovery of effective therapeutic

agents. Peptide-based aggregation inhibitors have higher
effectiveness, selectivity, good tolerance, low
accumulation in tissues, low toxicity, and highly developed
methods for analyzing their mode of action, proteolytic
stability, and permeability for blood brain barrier makes
these inhibitors have significant promise for future of
alzheimer’s therapy.



Healthy Brain Alzheimer's Disease Brain

Skull !
\ The cortex shrivels up,
damaging areas involved in

thinking, planning & remembering

Subarachnoid
Space

Ventricles filled with
cerebrospinal fluid
grow larger

Cerebral Cortex:
Responsible for Language
& Information Processing

Hippocampus: Critical to the Hippocampus shrinks
formation of new memories severely

Figure 2: Diagramatic representation of a Healthy Brain vs. Alzheimer’s Disease Brain

Alzheimer's is a disease of aggregation. Amyloid-p is a each other to make longer strands resulting in large
protein made be the neurons in the brain and the deposits called plagues. Earlier, scientists believed that
important tasks are performed by its monomers. But due these plagues used to trigger the MCI of alzheimer’s. But
to alzheimer’s, oligomers are formed these monomers in recent times, it is found out that the elements causing
which are small clumps of a dozen proteins that stack on toxicity are the diminutive aggregates of amyloid-3.
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Figure 3: Peptide and peptidomimetic inhibitors of Amyloid-f3 aggregation

MEDICATION

Although, there’s no permanent cure for alzheimer’s, The cerebroactive drugs which are used to treat
current medications might improve the condition of the Alzheimer’s disease are classified as Cholinergic
patients by reducing confusion and memory loss. activators and Miscellaneous cerebroactive drugs

Cholinergic activators

As acetyl choline in the brain are significantly reduced, cholinergic neurotransmission suffers



the most in Alzheimer’s disease. Hence, various
approaches to increase acetyl choline are being
tried. Substrates like choline or lecithin are not in
shortages in the brain which have been tried by
precursor loading resulting in failure. So
conventional anticholinesterases like

physostigmine and cholinergic agonists like

Rivastigmine

This is a drug that comes under the class of
carbamate derivatives of physostigmine. It is an
inhibitor of Acetylcholinesterase and Butyryl
cholinesterase,  Acetylcholinesterase’s Gl
isoform is dominantly found in many areas of
the brain. This is selectively more inhibited by
rivastigmine.  Rivastigmine is extremely
lipophilic in nature which means that it crosses
the blood-brain barrier. Rivastigmine introduces

a residue into the acetylcholinesterase molecule

bethanechol help in symptom improvement. But
all of these do the job at the cost of the side
effects. Four cerebroselective anti-cholinesterase
have been introduced in the past two decades and
out of which three are widely used in

Alzheimer’s disease.

CH4

Figure 4: Rivastigmine

so that ACH can dissociate slowly which

results in inhibition of the cerebral
acetylcholinesterase for up to ten hours despite
the 2hr plasma t1/2 of the drug. Other
symptoms like indifference, misconception,
illusion, and anxiety have also been ameliorated
but to a meagre extent. The drug has no
hepatotoxicity. Rivastigmine is prescribed not

in the severe cases, but in moderate cases
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Figure 5: Synthesis of Rivastigmine

Miscellaneous cerebroactive drugs
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Figure 6: Piracetam

Piracetam:

This is a cyclic GABA (Gamma amino
Butyric  acid) derivative but has no
Gamma-aminobutyric acid like  activity and
has been used to improve intelligence
(nootropic). Piracetam may reduce blood

viscosity but it does not dilate the blood

vessels. In countries like India, it has been
promoted for mental retardation, dementia,
and MCI. Although a recent review had
reported that this drug does not have a
nootropic use. Also, some studies have

demonstrated a CNS protective effect of this



drug during a bypass surgery of the heart. Its
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Figure 8: DIhydroergotoxine

Dihydroergotoxine (Co-dergocrine):

This drug, an alkaloid, which selectively

increases blood flow in the brain. It protects the

J
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brain via an alternating mechanism. It is
suggested for MCI, and dementia. It has an




undetermined beneficial value.
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Figure 9: NMR of Dlhydroergotoxine
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Citicoline

It’s a compound involved in the biosynthesis of
lecithin and derived from choline and cytidine.
Citicoline is a drug which enhances the cerebral
metabolism and improves the cerebral activities
of the brain as it increases the blood flow. There

is no clear usage or benefit of citicoline but

| | d
0 o

H 0OH
Figure 10: Citicoline

citicoline acts as a memory enhancer for a
short-period of time. Citicoline is prescribed for

impeded brain activities.
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Figure 11: NMR of Citicoline
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* is morpholinophosphordichlorodate
It was synthesized by the direct phosphorylation of morpholine with POCI3,

a compound whose utility for the conversions of alcohols and amines

into various phosphorylation derivatives. Due to the reactivity of three chloro
atoms in POCI3, gradually adding POCI3 to excess morpholine avoids the
bifunctional reaction exclusively.

$t
1o "
H

HO HO
Cytidine diphosphate choline
N e
o—P—0 ,
o] Choline phosphate | ca
Il chloride 0
CI—‘-“—CI
NH, [Nj NH, NH,
AN
I N o IO AN N N & NN
e HO—P— Ho—: —0 | ) "o )
l N7 X0 (2 equiv.), DMAP (1.5 equiv.) L N %O 0=P—Cl i §O
MeCN (10mL), 50°C, 2h HO l
O\I roseb r-ouTe a OJ. Hng l J
~Yhree sfeps
H one step only |°;ee :i :;’ps low yield
high selectivity 'roxi:urea s poor selectivity
HO HO good purity HO HO g HO HO HO HO

Cytidine-5' -phosphodichloride Cytidine-5' -phosphomorpholide 5'-cytidine monophosphate Cytidine-5' -phosphadichloride

Figure 12.2: Synthesis of Citicoline



PEPTIDES AND PEPTIDOMIMETICS IN ALZHEIMER’s DISEASE
(Inhibition of Amyloid-Beta Peptide Aggregation and Amyloid Formation)

Amyloid-B peptide Sequence Derived Peptides
These structure-based peptides have a central
hydrophobic core (CHC) sequence of
Amyloid-p along with peptides which maybe
essential or non-essential amino-acids. The
AP aggregation is inhibited by natural
amino-acids peptides, but have cons like
monomers stack into fibrils and are less
susceptible to proteolysis. Many
modifications like methylation of the nitrogen,
incorporation of retro-inverse peptides,
D-amino acid, substitute of amide by ester
bonds, and cyclization are done to improve
these limitations.

Natural Amyloid-B peptide series derivative

peptides

A good example of a biological Amyloid-f
sequence would be an oligopeptides iAb5p, an
oligopeptide. In this series, an aspartic acid
amide and a proline substitute the alanine and
the valine respectively. The mechanism of
action is that this peptide crosses the
blood-brain barrier in-vivo and promotes the
breaking down of the formed amyloid plagues
and also it inhibits the formation of amyloid
fibrils. The efficacy of the peptide is
contributed by the residues of proline that taper
off the beta - sheet conformation of the
biological Amyloid-f peptides.

¢ _Modified Amyloid-B peptide series derivative

peptides
Amyloid-B series derivative peptides that
are fluorinated are an example of the
modified peptides which are fabricated by
fluorination of the lipophilic amino acids
like wvaline and phenylalanine. These
peptides inhibit the aggregation as the
fluorinated amino acids bind to the
hydrophobic  deposits of Amyloid-p
peptides and preventing the contact
between Amyloid-B peptide molecules.

D-peptides are the more unaffected ones
to protein-breaking biological-catalysts
than the L-isomers and they also inhibit
the Amyloid- aggregation in an animal
model.

Peptides like SEN304 and SENI576 are
examples of N-methylated peptides that are
another type of modified peptides that inhibit
Amyloid-f peptide mediated toxicity. They do
not inhibit directly Amyloid-f peptide
aggregation but dramatically change the
Amyloid beta peptide accumulation into
detoxified forms and also excrete the
biologically-toxic  oligomers. The a-sheet
peptides have sporadic L-amino acids and
D-amino acids and they lessen the Amyloid-8
accumulation and noxiousness but do not cross
the blood-brain barrier.

Peptides not developed from Amyloid beta peptide

series
Peptides that are not a derivative from
Amyloid-f peptide series share hydrophobicity
properties with the peptides derived from Afp
sequence and have the capacity to integrate into
beta-pleated sheets and hence impeding
Amyloid-f peptide accumulation.

e _Peptides which are not derivative from Amyloid-8

peptide series including essential amino acids

Examples are NAP, carnosine, and hexapeptides. All of
them impede Amyloid-f peptide accumulation. NAP also

reduces MCI in phase II clinical trials.

e Peptides which are not derivative from Amyloid-f8

peptide series including enhanced amino acids
Upon oral administration of D-4F to mice, it
was observed that the deposition of amyloid-3
peptide was impeded and enhanced the
cognitive utility. PP-Leu 1is a cyclic
tridecapeptide equivalent of 0-defensins. This
peptide coalesces the capacity to impede
Amyloid-f oligomer and amyloid fibril



proliferations, by isolation of Amyloid-p endo-proteinase K.
peptides  into  fabrications  that are
colloidal-like, with a increased impediment to

Table 1. AD modifying peptides with brief description. Abbreviations: act. (activity); agg.
(aggregation); att. (attenuates); hyperph. (hyperphosphorylation); infl. (inflammation); NFF
(neurofilament formation); pL c.t. (phase Il clinical trials); pl. form. (plaque formation); ref. (reference);
stim. (stimulates); oS (a-secretase); @ (observed effect).

@ Att. Brain  Att. App Agg./PL Att. Tau Stim. Improves Stim. a-S
Peptide Name and Ref. Infl. Form. Hyperph/NFF  Neurog. Cognition Act.
Ac-Leu-Pro-Phe-Phe-Asp-NH2 .

(iAb5p), [249]

LPFEED-PEG, [253,254]

D-(PGKLVYA), [255]

RI-OR2-TAT, [260] B

cyclo(17, 21)-
(Lys17, Asp21)AB(1-28), [366]

SEN304, SEN1576, [265,266]

o sheet peptides, [267]

NAP, [268,273,361] & ®(pllcit)

D4-F, [274]

D3, [356]

PP-Leu, [275]

TEPS, [355] B

witNBD, [358] a

PACAP38, [360] B 8

insulin,

[181,183,189,191,362-365] Biplk-ct]
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BACE-1 INHIBITOR

BACE stands for beta-site Amyloid-f
polypeptide precursor cleaving enzyme 1. It is
responsible for the cleavage of proteins and as
it is a predecessor, it is the essential
biological-catalyst in the formation of
Amyloid-f peptide.

Pseudopeptide B-secretase inhibitors

The first is OM99 - 2 that is a highly potent inhibitor that
was developed upon the scaffold of the substrate of

This polypeptide has been an essential object

of ridicule, that can modify the disease, for the

drug advancement to treat alzheimer's.

The different categories of beta-secretase inhibitors are:-

B-secretase where the amide bond that is undergoing
scission is being replaced by a transition-state isostere,
Leu-Ala hydroxyethylene.

Figure 14: Examples of Pseudopeptide B-secretase inhibitors
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Figure 15: Examples of Hydroxyethylene-based inhibitors

Hydroxyethylamine (HEA)-based inhibitors isostere  of HEA along iso-phtalamide
moiety. A Pl aryl group being the 3,5-

A sequence of Hydroxyethylamine-based
difluorophenyl fragment.
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P3 and the P1 aryl group which may increase the potency as it stabilizes the bioactive conformation and also
enhancing the physicochemical accountability of the non-cyclic series with the formation of macrocyclic ethers and
macro-lactones.
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Figure 18: Examples of Macrocyclic inhibitors
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Figure 19: Structures of the known PAD4 (Protein Arginine Deiminase 4) — reversible inhibitors
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Peptidomimetic Approach to Targeting Pre-amyloidogenic States in Type Il Diabetes

Diseases like Alzheimer’s and type II diabetes are associated with the formation of protein fibers. Systems like
the one from type II diabetes which is IAPP (islet amyloid polypeptide); lipid bilayers can catalyze the
formation of fibers. Contradictory but true, amyloid fibers are beta-sheets’ opulent though the a-helical are the
membrane-stabilized states. IS5, a helix mimetic, is a small molecule that shows to impede the double-layer
facilitator of fiber formation and to reduce the islet amyloid polypeptide-stimulated noxiousness. The
interactions between islet amyloid polypeptide and IS5 confine to the alpha-helical zone of islet amyloid
polypeptide. This reveals, the alpha-helical zones are on route in the proliferation of fibers. islet amyloid
polypeptide doesn’t stack up like amyloid because insulin prevents that self-assembly. Hence, insulin produces
synergistic effect with IS5 inhibition. Therefore, IS5 is a new method to inhibit amyloid.
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Figure 21: Structural Representation of IS5 and IAPP

PEPTIDE STAPLING

Stapling of a peptide is a new strategy for oligomers into
structurally organized macrocycles by “stapling” or
covalent linking, by use of a linker, the side chains of the
two amino acids of the peptide. This approach morphed
and ameliorate the binding properties of peptides as it
increased their target binding affinity, proteolytic
resistance, and cell penetration affinity. Stapled peptides
are known for their potency and represent a class of
a-helical peptidomimetics of stable macrocyclic. This

results in an efficient binding to the targets.
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Figure 22: Peptide Stapling
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