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FROM A SAXON HERBAI

(Harl. 1533, folio 19a)

Latin text. The worm (serpent) the cause of disease. (left)



Medicinal plants and medicines
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“This weed that is called Betony is found on meadows and on wild downs
and in places of peace... It protects you against frightful prowlers in the
night and against evil visions and dreams...

—

“To treat sore eyes, take the root of this weed, boil with three parts of
water, and bathe the eyes with the water. And take the leaf of the same
plant and place it over the eyes and the face.”

—

“To treat sore ears, take the greenest part of the leaf of the same weed,
boil in water and strain off the juice. While it is still warm, drip it into the ear

through wool.”

Stachys officinalis (L.) Trevis.,

betony - alkaloid betonicine

Widely reported to have anti-inflammatory activity.
See also US website ‘WebMD’




A Scottish contribution: 18th C
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Pharmacopoeia Pauperum —

A collection of cheap and efficacious
medicines.

Aqua Antihysterica Edinburgensis

Several herbs

Main ingredient — 2 gallons proof spirit!

anti-
> asany of the more labo-
ompofitions of this kind.
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In the 215t Century ...
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Operations and concepts in medicinal chemistry are ‘industrialised’. EEELGEIT(

Science

e Sufficient exposure at site of action.
* Proof of target engagement.
e Expression of functional pharmacological activity.

Bunnage et. al., Nature Chem Biol, 2013, 9, 195-199.
Morgan et. al., Drug Discovery Today, 2012, 17, 419-424.

Academic laboratories can contribute with more speculative ventures.
Three examples of projects at Strathclyde in areas of translational potential
— modulation of biological function based upon natural products.

* Nitric oxide synthase activators — defined molecular target.
* The “‘Worms’ project — possible molecular target.
* Minor groove binders for DNA — molecular target with multiple sites.



We don’t always know exactly
how drugs work -

Strathclyde
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Pirfenidone

*Well-established antifibrotic and anti-inflammatory properties in
various in vitro systems and animal models of fibrosis.

* Cell-based studies have shown that pirfenidone reduces fibroblast
proliferation, inhibits TGF-f3 stimulated collagen production and
reduces the production of fibrogrenic mediators such as TGF-f3.

* Shown to reduce the production of inflammatory mediators such as
TNF-a and IL-1 in both cultured cells and isolated human peripheral

blood mononuclear cells. 0 /@
N

e Activities are consistent with the broader antifibrotic and anti- |

inflammatory activities observed in animal models of fibrosis. =



Nitric oxide synthase activators

Three isoforms of NOS (endothelial NOS (eNOS), inducible NOS
(iNOS) and neuronal NOS (nNOS).

All isoforms of NOS require the cofactors: tetrahydrobiopterin (BH,)
& haem also NADPH, FMN, FAD, CaM.
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Potential clinical relevance of NOS
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* Without BH,, NOS cannot form the active dimer.

* Under BH, deficient conditions, superoxide (O,*’) is generated not NO.

« 0,*)depletes BH, levels (BH, is labile & readily oxidised).

* BH, depletion is implicated in some diseases (atherosclerosis, diabetes, and
hyperlipidaemia).

 Some drugs have been developed to enhance the therapeutic potential of
NO. These lack selectivity.

* Administering BH, (unstable) or its precursor sepiapterin in patients with
endothelial dysfunction restores function and prevents atherosclerotic
lesions.

e Still an unmet need to treat atherosclerosis, even under optimal therapy
(statins, aspirin, blood pressure control antidiabetic drugs) still 30-50%
vulnerable to vascular event.



Design rationale

Stabilized radical?

Important
for binding to

NOS ‘HzN Jt J:L + e'_+\H

Blocked dlhydro
oxidatively stable
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Synthesis of oxidatively stable
dihydropterins

X"\ 10 M NaOH, MeOH, 70% HOJ\:\ Na,Cr,05, H,S04, 82% Oj;\
-
O,N
\I/ O,N O,N

H,, Pd-C
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WSG1002 (= ADDP) relaxes rat aorta
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Prof. Roger Wadsworth & Dr Suma Kunuthur



BH, analogues bind like BH, itself
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Prof. Thomas Poulos &
Dr. Huiying Li, UC Irvine




BH, analogues relax pulmonary arteries
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Preconstricted arteries respond better to Ca ionophore A23187 gggthclvde

after in vivo treatment with ADDP (wsg1002) in both normoxic
and hypoxic rats.
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Prof. Roger Wadsworth & Dr Suma Kunuthur



The ‘Worms’ Project
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ES-62: An immunomodulatory protein secreted by the filarial nematode
Acanthocheilonema viteae.

Activity is dependent on a post-translational modification of
phosphorylcholine attachment to an N-type glycan.

Parasites, including worms and protozoa, modulate the immune response of
the host by secreting proteins that often have phosphoryl choline, or a closely
related structure.

Phosphoryl choline itself is widespread and would not give selectivity. It is
also zwitterionic and not suitable for crossing cell membranes unaided.

Profs Billy and Maggie Harnett



Relevant field of biology

TLR7

TLR9 TLR3
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Toll-like receptors (TLR)
Adapter proteins (MyD88)

4= [inase pathways

Cytokine release profile
(primary assay)



Origin of SMAs (small molecule analogues) -
— a peptide with ES-62-like activity st.-amcsm

Science

A=0,CH,
B = nothing, CH,
R = small alkyl, cycloalkyl
X = substituents as described in text
Y=0H,0
Z=P,S

WestCHEM*



Typical synthesis
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DMF, Ké-zoa’ t m-CPBA, DCM Z
rt 24 h
2a X = 4-Br Ta X = 4-Br 8a X =4-Br
2b X = 4-Me 7b X = 4-Me 8b X =4-Me
2c X =3-F 7c X =3-F 8c X =3-F
2d X = 4-F 7d X = 4-F 8d X = 4-F
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10a X = 4-Br 9a X = 4-Br
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10c X = 3-F 9¢c X' =NO,
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9e X = 4-F
Sec. amine in DCM, rt
Me
(0] I @]
S é,ﬁvNRz Mel, rt i g/\\/NRz
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12 b-d 11 a-p
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Proof of concept in vivo — asthma and
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In vivo effects C and D = asthma, E and F = collagen induced arthritis



Mechanism of action of ES-62 and SMAs

Universityof N\%

ARato = 2423 1328 1.084 073 Strathclyde
Normalised 182 100 82 Science
GAPOH - ES-62 and SMAs downregulate the MyD88 gene
- i A Ak leading to a reduction in stimulation of the
B 21“' TLR/IL-1R pathway and consequent reduction in
§‘” the release of pro-inflammatory cytokines.
2 100- tt ot
2 s i
§ o .
LPS RPMI 11a-1 11a5
D

TLR/IL-1R

NEMO/IKK

IKKB 1
T"-‘ll-ﬁ NF-KB
. | -
TNF-a, IL-6, o
IL-1, IL-12, ARTHRITIS
IL-23

ARTHRITIS




TLR4 — a possible molecular target
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Crystal structure of TLR4 dimer complexed with MD2 and LPS.

Indirect evidence that ES-62 binds to TLR4.

ES-62 and S3 do not modulate gene expression.

S5 modulates expression of some genes associated with inflammation.
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Primary design concept at Strathclyde
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Hydrophobic

Hydrogen bonding
patches

on floor

N-alkyl group on
pyrrole

WestCHEM‘



An amide isostere —

the key structural change sty O
Strathclyde

Science

Amide: planar, H-bond donor and
acceptor, hydrolysable. N

Alkene: planar, non-polar, stable O y HNI
to hydrolysis. N H

o) THN \\ 0
One hydrogen bond lost. N N

T, measurements show that loss
of a hydrogen bond does not
weaken binding to DNA oligos in
this group of compounds.

o
WestCHEM



Typical synthesis of head group
alkene -
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N HJ&_}\ 1. NaH THF rt ~40% A J/
+ —_ > _
N /N\ CO,Et 2.aq. NaOH rt ~80% NN ] HN
PO(OEt), | N e o
\ [ \ 1
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Typical synthesis of ‘internal’ alkene =
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ON H 1.NaH THF rt ~80% ©2N ~-COCl j
/ \ * / \ — I N_/\ HN
N CO,Et 2.aq.NaOH rt~70% N O,N

N

N \
o '\\l \
HZN/\/N\)

rt, time critical

L

J NaBH,, MeOH, Pd-C

(\O

N

OMe X OMe J/
~40% HN
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AW = ( DN ~°
N COoCI N
[ J NN \ \
o N
\

—— Dr Abed Khalaf, Dr David Breen



Some possible key points of interaction
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Important H-bond? Strathclyde

Missing H-bond?

e J/ N J
O H HN
N

N N\

\ o
Active antibacterial compounds. Inactive antibacterial compounds.
Bind to target DNA as shown by T, Do not bind to target DNA as shown by T,
measurements fo measurements o

NJ N
ome 'Mportant H- bond?

\ {(g ©w MussmgHbond?f

westCHij& Target oligonucleotide = GCGATATATGCG/CGCTATATACGC




Footprinting evidence
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Prof Keith Fox, Southampton



SAR summary for antibacterial activity
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_< 19/56/2 lead compound —< Activity totally or substantially lost Strathc[yde

and other active components )
Science

—< Activity retained but no material improvement —< Significantly active but more toxic

Active but significantly weaker

WestCHEM“



Species and resistant strains

Group B Streptococci 15 | 0.25 1 0.25 1
Group C Streptococci 151 0.25 1 0.5 1
Group G Streptococci 15 (0.5 0.5 0.5 0.5
Methicillin-resistant Staphylococcus aureus 15|11 2 1 2
Methicillin-resistant Staphylococcus epidermidis 15| 0.25 0.5 0.5 2
Methicillin-susceptible Staphylococcus aureus 151 0.5 1 1 2
Methicillin-susceptible Staphylococcus epidermidis | 15 | 0.25 0.5 0.25 2
Streptococcus constellatus 15 | 0.25 0.5 0.5 1
Streptococcus mitis 151 0.5 2 0.5 2
Streptococcus pyogenes 15 | 0.25 0.5 0.25 2
Vancomycin-resistant Enterococcus faecalis 1512 2 >32 >32
Vancomycin-resistant Enterococcus faecium 15|11 2 >32 >32
Vancomycin-susceptible Enterococcus faecalis 151 2 >32 >32
Vancomycin-susceptible Enterococcus faecium 1511 2 >32 >32

¢

Universityof N\%
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Science

MGB Biopharma

Innovative Development Company



Antifungal activity

Universityof N\%

Strathclyde
S5 Science
\ N
NMe2
an? TNH
Y MIC = 6.25 uM vs. Candida, Aspergillus
v H HN
/ N H N MIC > 50 uM for bacteria
O mN\( | °
N S
\ 0]
MeO
NM62
N MIC = 1.6 uM vs. Candida
2 .
\ J HN MIC ~ 20 uM for bacteria

Lead antibacterial compound

MIC > 50 uM for fungi

WestCHEM‘



More unexpected selectivity - Trypanosoma

~
-3
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\ N
NMe2
S NH
V MIC = 3.1 uM vs. Trypanosoma brucei
N J H HN
N Toxic to mammalian cells at 20 uM

/ H N
o} THN\( J ° . .
N S MIC > 50 uM for bacteria and fungi

\ (e
\ N
o}
NH @
@)
Z J/ MIC = 0.4 uM vs. Trypanosoma brucei
W HN
N

No toxicity to mammalian cells at 20 uM

/ H N
S DM
N S Inactive against bacteria and fungi

.

J/ Lead antibacterial compound

H HN
NMH\C\//&O Not significantly active against Tryps
N
b
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Aggregation and formulation
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Produced with VideoMach

MeD www.videomach.com

NMR results consistent with MGBs’ entering binding
site as a dimer, not sequentially.

Gail Wilson, Dr John Parkinson

\
WestCHEIV?.



Formulated drug against C. difficile
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100000 -

10000 -

B Caecum

B Colon

1000 -

¥ Small intestine
100 -

cfu/g C. difficile

10

VEHICLE VANCOMYCIN  MGB-BP-3 GASTRIC MGB-BP-3
FORMULATION FREEBASE

—e—\VEHICLE PO BD

\ =O=VANCOMYCIN 25mg/kg
PO BD

—e— MGB-BP-3 GASTRIC
FORMULATION
\ 10mg/HAMSTER PO BD

NUMBER OF HAMSTERS
w S
/
/
//
/

—e— MGB-BP-3 FREEBASE
\ 10mg/HAMSTER PO BD

MGB Biopharma

o0 1 2 3 4 > 6 7 & 9 10 1 12 13 Innovative Development Company
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Genes significantly downregulated
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- 257 downregulated genes common to both data analysis methods Strathclyde
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pathogenesis

transmembrane
r ransport
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regulation of
Rockhoppet €415 CLC_EOGE 3392 cell shape @zﬁ

\ 4

metabolic
process

protein folding T ;
transcription ATP catabolic

translation _ process
regulation of

transcription

Dr Nick Tucker, Dr Leena Niemenen, Prof lain Hunter



Acknowledgements

JI.
University of ***
Chemistry Biology Strathclyde
Roger Waigh Elizabeth Ellis SIS
Simon Mackay lain Hunter
Colin Gibson Gordon Ford
Abedawn Khalaf Curtis Gemmell
David Breen Andy Paul
Nahoum Anthony Robin Plevin
John Parkinson Nick Tucker
Gavin Donoghue Leena Nieminen
Fraser Scott Roger Wadsworth
Claire Bourdin Suma Kunuthur
Gail Wilson William Harnett
Judith Huggan Maggie Harnett (Glasgow)
Raghu Rao Michael Barrett (Glasgow)
Craig Mclnnes Keith Fox (Southampton)
Simon Daff (Edinburgh)
Funding
Synergy Fund
. Scottish Enterprise Proof of Concept
-Q ',VlGB Blopharma Leucovorin Royalties, Strathclyde
Innovative Development Company
BBSRC
MSD-SULSA
MRC

WestCHEMQ



