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DERIVATY KYSELINY INDOLOCTOVE)
AKO INHIBITORY ALDOZAREDUKTAZY
V PREVENCII DIABETICKYCH
KOMPLIKACII:
predklinické studium na modeloch in
vitro a za podmienok
experimentalneho diabetu in vivo

Dizertacna prdaca
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What is Diabetes?
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Prevalencia DIABETU vo svete
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Diabetes melitus typu 1
(T1DM)

* 10 % vsetkych diabetikov
* QOrganizmu nie je schopny spracovavat glukozu v dosledku nedostatku inzulinu

Polyuria Polydipsia
(Frequent Urination) (Excessive Thirst)

Polyphagia (Excessive
Hunger/Increased Appetite)
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Diabetes melitus typu 1
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Pankreas

Diabetes typu 1



Transport glukézy do bunky

1. Inzulin - zavislé tkaniva
- PECEN, SVALY, ADIPOCYTY

14 /4 [ ] /4 [ ] /4
2. Inzulin - nezavislé tkaniva
- OBLICKY, OCNA SOSOVKA, CIEVNY ENDOTEL, PERIFERNE NERVY




Inzulin

* peptidovy hormén produkovany
Langerhansovymi ostrovéekmi
pankreasu

* Vznik:

1. Faza : ribozomy — pre-proinzulin

2. Faza: endoplazmatické retikulum —

proinzulin (A, B, C retazec)

3. Faza: Golgiho aparat - inzulin + C-

peptid

4. Faza: sekrecné granule - skladovanie

* Indukcia syntézy glukagdnu v peceni

The Role of Insulin in

the Human Body


https://sk.wikipedia.org/wiki/Horm%C3%B3n
The Role of Insulin in the Human Body.mp4

Diabetes melitus typu 2
(T2DM)

Metabolické ochorenie

Organizmus nie je schopny spracovavat glukdézu v dosledku inzulinovej rezistencie
NajCastejSie sprevadzana obezitou ?7??

Rizikové faktory: Zivotny Styl, malo pohybu, vysoko-kaloricka diéta, metabolicky
syndrom, obezita, geneticka predispozicia, znecistené Zivotné prostredie (POPs,
konzervanty, chemikalie....)



Type 2 Diabetes.mp4

LOW BLOOD SUGAR HIGH BLOOD SUGAR

Hyperglycemia

Signs and Symptoms:

Hypoglycemia

Signs and Symptoms

BLURRID VISION FREQUENT BED WETTING

EXTRIM TIREDNESS AND PALENESS | SIOMACE RN



Diabetické komplikacie

- diabeticka ketoacidoza, hypoglykémia, diabeticka kéma, infekcie dychacich ciest,
periodontalne ochorenia “
- rieSenie - optimalna hladina inzulinu - inzulinové pumpy....

- katarakta, retinopatia, nefropatia, neuropatia, angiopatia......
- rieSenie — ??? Doteraz neexistuju farmaka vyuzivané v
klinickej praxi na euro-americkom trhu

DIABETICKE KOMPLIKACIE SU HLAVNOU PRICINOU
UMRTIA EUDI POSTIHNUTYCH DIABETOM.




Chronickeé diabetické komplikacie

ANGIOPATIA
NEFROPATIA
KATARAKT
NEUROPATIA
RETINOPATIA
OBEZITA

ZAPALOVE PROCESY

4

retinopatia P A B mrtvica
mikoaneuryzma, ' krvacanie do mozgu
hemoragia mentalne zdravie (depresie)

katarakt

periodontalne
ochorenia

koronarna
ateroskleroza

nefropatia
glomerulo -
sklerdza

pohlavné orgéany
(erektivna disfunkcia)

infekcie

ochorenia -
periférnych gang
ciev
s neuropatia
Podla Damjanov, 2000
http://medical-
dictionary.thefreedictionary.co
gangréna m/Insulin+Deficiency+Syndrom

e



Diabeticka angiopatia

* Tvorba plakov, ktoré sposobuju znizenu elasticitu ciev
e Znizeny transport kyslika a krvi
* Vedie k aterosklerdze

* Aterosklerdza sa moze prejavit kdekolvek, avsak
najnebezpecnejsia je ak napada artérie veduce k
mozgu, srdcu, oblickdm a dolnym koncatinam

* Rizikovy faktor - fajcenie

Platelets
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Diabeticka Retinopatia

* Hlavna pricina oslepnutia u ludi vo veku 20-74 rokov
* 80 % ludi trpiacich diabetom viac ako 10 rokov

LEAK FLUID
INTO THE RETINA

NORMAL EYE EYE WITH RETINOPATHY



Diabeticka Nefropatia

Je progresivne ochorenie obliCiek sposobené angiopatiou kapilar v globerulach obliciek
Prejav: nefropaticky syndrém a difuznou glomerulosklerézou

Postihuje pacientov dlho trpiacich na diabetes

Hlavna pricina nasadenia dialyzy v zapadnych krajinach

Diabetes
affects
the kidney

Normal kidney The granvlar surface
and the reduction
of the volume are a feature

of Diabetic Naphropathy




Diabeticka Katarakta Vo‘*é

,./T;: ,

Vysoka hladina sorbitolu hromadena v o¢nej SoSovka spdsobuje jej poskodenie
Zvysena hladina sorbitolu taktiez vedie k zvySenej tvorbe volnych radikalov
poskodzujucich fibrili SoSoviek

5.5 milidna ludi v USA

8 miliénov v zapadnej Eurdpe

Normal eye Cataract eye

Cataract is an opacity (cloud formation) of the
eye lens, develops due to aging.




Diabeticka Neuropatia

OsSetrenie zamerané na zmienenie bolesti
Neliecitelné a nezvratné ochorenie

Narasta riziko poraneni, pacient straca cit
Aj mensie infekcie mozu viest k nezvratnému poskodeniu tkaniva a tym amputacii

Diabetic Peripheral Neuropathy

o
Healthy tissue Diabetes—related“i\ Capillary damage Injury due to loss Loss of sensation
of sensation.

metabolic or can lead to nery and circulation

vascular damage and loss problems result

conditions can " of sensation in increased risk
especially in of infection, ulcers
the extremities. and gangrene.




Vyvoj lieCiv — jednotlivé kroky

X. HIT to LEAD 4. Lead 5. Predklinické
optimization testy

1.ldentifikacia Y. Identifikacia ciela

ochorenia

o
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Hyperglykémia

g

Polyolova draha

—~

Diabetické komplikacie




Neuro-
degenerativne

. Katarakta
ochorenia §
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Fyziologické funkcie AKR1B1

_O OH
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Civilizacné ochorenia suvisiace s AKR1B1

Kardiovaskularne ochorenia
Pocas ischémia vzrastd hladina Poruchy spravania, nneurologické a
AKR1B1 - psychiatrické poruchy a ochorenia-
Rakovina - agresivne typy rakoviny Alzheimerova choroba, Downov syndréme,
s rychlim progresom Vaskuldrna demencia, Parkinsonova choroba,
— Q) s maniodepresivna psychdza, bipoldrna porucha,
g Huntingtonova choroba...

Zapal - astma, sepsa, uveitida,
periontitida... el

Ochorenia maternice
endometridza, infertilita, cerviakalna
rakovina, predéasny porod, dysmenorea,
tazké menstruacné krvacanie...

Ochorenia pecene
cirhoza,
hepatokancerogenéza

Fallopian tube

Strata kostnej hmoty

P
ﬂ

7

‘e

Healthy

-\ ‘n

Cirrhosis



Vyvoj lieCiv — jednotlivé kroky

1.ldentifikacia . ifikacia ci IT to LEAD \ 4. Lead 5. Predklinické
ochorenia optimization




Svetovy predaj
epalrestatu v roku 2010 -~

bol
154 milionovUSD =




Lidorestat
Uéinny inhibitor ALR2

O ! F @
\\\\:OH

IC(50) = 7 uM

IC(50) = 5 nM H IT



Hit to Lead

Hits N\

Typické parametre OH
MW << 300; IC(50) ~ 1 to 100 uM \j{

Selektivita, biodostupnost, famakokinetika nie su dolezité

Lead ?

Typically o

MW < 300; IC(50)~ 1 to 100 nM, logP <3
Selektivita, biodostupnost a farmakokinetika dolezité pre pedklinické Studie in vivo



Hit to Lead

ChemSpider Database
30 000 000 cmpds

5813 derivatov 1-1AA

ChemSpider - databaza chemikalii
- majitel: Royal Society of Chemistry
- viac ako 30 miliénov molekul z viac ako 450 databaz



Hit to Lead

Virtualny screening

ChemSpider database
30 000 000 cmpds
V

5813 cmpds Hit Indole-1-acetic acid derivatives




Hit to Lead

Virtual screening: Drug likeness

ChemSpider database
30 000 000 cmpds
V

5813 cmpds Hit Indole-1-acetic acid derivatives

Drug likeness criteria:
MW < 500; logP=0-5;

1147 cmpds Hydroge bond acceptors: up to 5
Hydrogen bond donors: 2 -5




Hit to Lead

Virtual screening: Ligand-based strategy

ChemSpider database

30 000 000 cmpds
5813 cmpds Hit Indole-1-acetic acid derivatives
Drug likeness criteria:
MW < 500; logP=0-5;
1147 cmpds Hydroge bond acceptors: upto 5

Hydrogen bond donors: 2 -5

Ligand based approach

LASSO similarity 0.9 for Lidorestat
335 cmpds




Hit to Lead

Manual choice

Virtual screening

ChemSpider database

Manual choice

30 000 000 cmpds
v

5813 cmpds Hit Indole-1-acetic acid derivatives
Drug likeness criteria:
MW < 500; logP=0-5;
Hydroge bond acceptors: upto 5

1147 cmpds Hydrogen bond donors: 2-5
Ligand based approach
LASSO similarity 0.9 for Lidorestat

335 cmpds
Acido-basic properties;
Specific structural features: fused ring
9 cmpd Commercial availability







Hit to lead s 0 ¥ i
Identifikacia ,,lead” struktury

N=N
R \ />’5X2
N
N

; LEAD

- %} Human AKR1B1 : 57 nM

CH,C00
H

CH,C00
@ H H @ Rat ALR2 : 97 nM
©

CH,CONHCH,CH,CH;




Hit to Lead

ChemSpider database

Virtual screening

Experiment Manual choice

30 000 OOO cmpds
H|t Indole-1-acetic acid derivatives
5813 cmpds
MW < 500; logP=0-5;
Hydroge bond acceptors: up to 5
1147 cmpds Hydrogen bond donors: 2 -5

\ 335 cmpds / LASSO similarity 0.9 for Lidorestat

Acido-basic properties;
19 cmpds Specific structural features: fused ring
Commercial availability

1/ Lead Experimental SAR for ALR2 inhibition




Hits and Lead
ALR2 inhibition

©i> 1-1AA
L(

(e}

Hit

MW = 175; 1C(50) = 7 uM

N=N
Lead A »—sH
N CMTI
N\\(O
OH

MW = 260; IC(50) ~ 97 nM, logP=1,7

Selectivity factor relative to ALR1 > 400
Bioavailability : readily taken up by RBCs and isolated eye lenses



Vyvoj lieCiv — jednotlivé kroky

4. Lead
optimization

5. Predklinické
testy

1.ldentifikacia 2. Identifikacia ciela. 3. HIT to LEAD
ochorenia




Lead optimalisation

J toxicita

M biodostupnost

P Inhibi¢na aktivita

M selektivita

Lead Optimisation




Vyvoj lieCiv — jednotlivé kroky

1.ldentifikacia 2. Identifikacia ciela. 3. HIT to LEAD 4. Lead . Predklinické
ochorenia optimization
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Inhibicia aldézareduktazy

Stefek M. et al. EU Patent Application: PCT SK 2014/000021

Humanny AKR1B1 Potkani ALR2
IC(50)= 57 nM IC(50)= 97 nM
2 4
O
Ki =89 nM
© Substrate [ Un:::;giet:’i:ive

Akompetitivna inhibicia 9
.
Glyceraldehyd (mM) 1/c

Stefek et al., J.Med.Chem., 2015



Tautomeérna analyza

13-2 13-3

~ 1% <1%

Stefek et al., J.Med.Chem., 2015



Selektivita

Hladanie energeticky najvyhodnejsieho objatia,

ktoré lieci




Selektivita interakcie

Aldoe-keto reductase family

AKR1IA1  AKR1C4
AKR1E2

CMTI

OH

Border collie family
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Selectivity vs. Side efect

AKR1B10 Eliee



Vazbové vrecko AKR1’s

AKR1B10

AKR1A1

Cys303 Met 302

Ser3047 7 >

Pro 301

Val 301 Val 300



AKRIBI1 surface

Lidorestat

Cys298 Leu300

LSH l
Phe122 / Cys303

specificity

pocket HS _— Trp111

Trp219 \ hydrophobic

521

anion binding
pocket pocket
HO
NH \©\/T 48
) yr

7 NH,

7\

Trp20 =N +



CMTI

0
/o\
H O H.
water ~~ -
Qi
HO /

Vazbové vrecko AKRIBI
Lidorestat

HO NH,

,NHZ Leu300 %v---mn—:2
o H Cyscit: L;i]o HO

:
0 2N L Thrl13

Cyst303




Krystalova struktura

PDB:4QX4

Chris Rechlin

Heine Andreas

Klebe Gerhard




AKRIAI1 surface

[(5Z)-5-f[3-(CARBOXYMETHOXY)-4-
METHOXYPHENYL]METHYLIDENE}- 2,4-
DIOXO0-1,3-THIAZOLIDIN-3-YL]ACETIC ACID

Specifie Pro

Asp 301

313 Val
300 .
Arg

312 .



AKR14A1 BINDING POCKET

CMTI [(5Z)-5-{[3-(CARBOXYMETHOXY)-4-
METHOXYPHENYL]METHYLIDENE}- 2,4-
0 DIOXO0-1,3-THLAZOLIDIN-3-YL]ACETIC ACID
OH NADH

H

0
e
N\ NH, @ | Ala219
g Ho” 0
HN . ;

Trp20

NH  Arg309 ©

IC;, = 40.55 uM




AKRIB10 surface




Binding pocket of AKR1B10

TOLRESTAT CMTI

o

H L
N\/\/'\H/OH
)\/N \N"/H Arg 312 0
0
HN~<
~"~.~ H N.H2
TNH N\/\/’\H/OH

Arg 309

IC,, =21.37 uM

HIS 1110 > 75 @
a5 GLN 303



Latka 13 (CMTI)

Fyzikalno-chemické vlastnosti

-1.90 + 0.03

Rozpustnost vo vode: >10 mmol/I

Stefek et al., J.Med.Chem., 2015




Prienik CMTI do izolovanych
erytrocytov potkana

13 do RBC [%]
NGoWw CW
o o o

Y

Prienik latk
G

=
o

o w

o

10 20 30 40 50 60

t [min]

1 mM CMTI, hematokrit 20%

Soltesova Prnova et al., Redox.Report., 2015



itomnosti CMTI

kach potkanov inkubovanych v pr

cnych Sosov

bitoluv o

Inhibicia polyolovej drahy ex vivo

acia sor

V4

Akumul

B3 0,1 uM CMTI
BB 10 uM CMTI
100 pM CMTI

B3 0 uM CMTI
50 uM CMTI

O e s

n u.u.u.u.v BRI ]
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Stefek et al., J.Med.Chem., 2015



Inhibicia polyolovej drahy in vivo

10 dnovy experiment

*k*k

=
o
T

o°)
<

Sorbitol (nmol/g nervu)

ky)

v

sSosov

Sorbitol (nmol/g

2500+

20004

15004

1000+

500+

*k*x

PR
) LX)
ERERERE)
5 wid

o

DL1 DL2

K — kontrola, zdravé zvieratd; KL — zdravé zvierata + CMTI 50 mg/kg/den ; D — Diabetické zvierata ; DL1 —

CMTI 25 mg/kg/den ; DL2 — CMTI 50 mg/kg/den

Soltesova Prnova et al., Physiol.Res., 2015



Mechanizmus glukdzovej toxicity
Oxidacny stred

‘ POLYOL PATHWAY ll +R-NH:2
GLUCOSE =2 ENEDIOL ?} DICARBONYL& Schiff bases
\ Y l 02 02_ l

- ‘1’ Amadoriho
Autooxidation of glucose H,05 S
v OXIDATIVE l
vlr \‘ . ’/ AGE
w /N
ROS
\ STRESS! }

|

Oxidacné poskodenie



A (518 nm)

AO aktivita CMTI

DPPH test
DPPH®* + AH - DPPH-H + A°
e

N

0,6 -

>/

0 60 120 180

¢as (min)

Testovana
C(nMm) -AA/30 min = SD
latka
13 200 0,219 £ 0,005
14 200 0,009 £ 0,001
Melatonin 200 0,022 + 0,006

Soltesova Prnova et al., Redox.Report., 2015



t-BuOOH- indukovana peroxidacia RBC

Vplyv CMTI

t-BuOOH

oum
100 uM
S
®
E ‘
o
S
(V]
x
1000 M
0 20 40 60 80 l(l)O 150 1;10 1(I50 1éO ‘
Cas (min)

Soltesova Prnova et al., Redox.Report., 2015



Vplyv CMTI na osmoticku fragilitu
potkanich erytrocytov

100- -©- kontrola
- CMTI (250uM)

>,
N
=
o
S s0-
<
X

0

| | | |
c NaCl (mM)
Hematokrit 0,4 %, 37°C, 60 min Soltesova Prnova et al., Redox.Report., 2015



CMTI vs. Epalrestat

N;N/>/SH 5 o o
Q- y
(V"
N\\(o s

OH
CMTI Epalrestat
MV 260 319
Rozpustnost’ vo vode > 10 mmol/l < 3 mmol/l
ARI(IC50) 100 nM 250 nM
Sorbitol v o¢nych SosSovkach ex vivo, 1(%) 38 % 25 0,
Antioxida¢na aktivita Ao Nie




Zaver

OH

e Vysokoucinny a selekti

alna ,nosna“ Struktura



Perspektivy

Dlhodoby test na zvieracom modely diabetu

Normal Rat
Zucker Rat Ps

e Streptozotocin
e Zucker

QLTI

V-

3 .

e

Toxicita

. Akudtna
. chronicka
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