Fight Against Alzheimer’s: Developing a New Generation of Multifunctional Drug
Therapeutics Using Pyridine-Containing Tetra-Aza Macrocycles

Saba Anjum, Shrikant Nilewar, Kayla N. Green
Department of Chemistry & Biochemistry, Texas Christian University

_ Abstract

. K,CO,

Oxidative stress plays a significant role in the development and progression of Multi-Target Antioxidant Molecules Prodrug Strategy )

neurodegenerative diseases, including Alzheimer’s, but currently there are no v The molecule is reversibly [‘@B:O\A {_@7&

approved drug therapeutics that effectively address oxidative stress in linked to a phenylboronic : o (¢ 4 S

Alzheimer’s. The Green Research Group has previously synthesized and | Radical scavenging ability measured using acid pinacol ester group B B B

reported a pyridine-containing tetra-aza macrocycle, denoted as L2 herein, sDtZiIc_jla:/de;Snutsuoszudaann(i ||'34HcTompared tothe v The linker will be removéd y " ’ i I " ’ H " H

which acts as a multifunctional antioxidant agent by targeting oxidative stress once the molecule K/n\) k/n\/‘ j K/n\)

directly through radical quenching and metal binding as well as catalytically 100 ~ encounters ROS, restoring RIE)GS I @D

through activation of the Nrf2 pathway. While preliminary research on L2 has 5 - : ; g . - L o : .

successfully demonstrated its potent antioxidant capacity in various cell Z 501 original antioxidant activity. \Yield antioxidant drug "

models, its high hydrophilicity results in reduced blood-brain barrier ‘% 70 1 - :

permeability, which is a concern when targeting neurodegenerative diseases. It ® 7 wLa 20 i »L\/

iIs hypothesized that employing a prodrug design strategy through the % | S

incorporation of a self-immolative linker on L2 will result in enhanced blood- % “ L4 1 hour ,

brain barrier permeability and ideal drug-like behavior while retaining potent : 21 OH \
X

20 +

antioxidant activity under physiological conditions.

10 +

| =3 socl, ;
HO N/ OH > EtO
750 1000 1500

Int rOd UCtion 5 N ” Colri)gentratiozrfo(ul\ﬂ) O O Egt(())HC(a4b;) MeCN

o

H
= H ——

——
[

-’

—_
1

85 C, 3 h NaBH4
® ) o Asc. Asc. Asc. Control L2 L4 80% 0 o
Alzheimer’s Disease 2000 ¢ I VS VY 80% 30%
A . . . : ) 18000 1 0, —Z > 07 —=» H,0, —= > HO +HO Nri2 S S S— EtOH (ab)
» 6+ million Americans live with Alzheimer’s. 5 act 80 °C, 14 h
- : : : : 16000 -actin |8 .
> $345 billion were spent in treatments for Alzheimer’s patients in 2023. o +Z:1/2‘j‘” 5 | :E :é
W00 1 —m-L2(leg % )
» Oxidative stress is a common feature of Alzheimer’s. % ] A4/2eq || 44 > 3
S o] TAWliea | 147 ] £ 25 1 Vflj\/ TsCl, KOH
_ £ ® Neg Asc Control LI LA 3 5 \/\ /\/
Haber-We|ss FentOn 8000 I e N CERE o A4 .g Ls SES~ N "SES + TsO OTs (DCM/H O
6000 o
1 v 1 - 2
Cu* /Cu2 Cu /Cu2 Cu*/Cu? H202 + @ e .OH + OH_ t 4 1 ..%
0, —'0, —» H,0,—>"OH + OH" @ N geit FRRRPRRRISRIZ ssae 5 o5 - K,CO; 70%
H202 + @ o 'OOH + H+ + @ 2000 ';: 5086060660068 2000088880888 8888RssaRass’ o 0 - DMF
o Control L2 L4 rt, 21 h
° 100 200 P et 0 Relative pixel density of Nrf2 over 7505 ¥ 0 o
N ————— Fluorescence intensity of 7-hydroxy-CCA after loading control (B-actin) in HT-22 /—@~Bi f—®— ;
Pathology [ Protecti:n J incubation of CCA and ascorbate with copper(ll)  cells (P< 0.05) ? O 7
Antioxidant Enzymes |
., ° i i P < 0.0001
O *k e
@ % Superoxi((é%gi)smutase "E; 100d L sk o = | | N The f|na| prOdUCt W|” be
) e ol 5 S ol e SES—NK/N\)N—SES ------------- > —K/N\) charac’.cerl.zed and jce.sted
| Pk S 8 wi|| gwBaBu Bi 00 AR AN I . el . for antioxidant activity.
1 z (I (R(RIRIRIRIRIR SES 100 °C, 24 h H
o) 2 3 X
S S 40 L6
A/ l\l Nrf2 release % 2 20 ;
g ae . O 8
OXIdatIVE Injury @ % & S S Sdrd
3 «\Q’& WOR N N Y N W
Q os SN J H202 N4 I i H,0
® - o R : a1 b ;
. . . . . . . The lab aims to design
(HO-1) Cytoprotective effects in HT-22 cells Cytoprotective effects in BV2 microglial cells 1 svnthes , dg’ Group 1 Saoup# e
‘ measured using WST-8 assay (P< 0.01) measured using MTT assay (P< 0.0001) an SYn. €s1z€ pyridine- PBA(O Pin) PBA(OH), | | PBA(O-GIc)
Nrf2 nuclear containing tetra-aza Ho. oH | [HO oH
translocation g SRS Table 1. Lipinski’s parameter and logBB calculations. maCrocydes with N B O
AntiOXidant Compound M.W. clogP HBA HBD PSA (A) logBB diffe re nt moieties to / PBA(O Pm) N/ ) /O
roteins L2 223.3 -1.9 4 3 69.77 -1.182 . . HO
#/ Nucleus e)F(,pression L4 2723 -1.08 5 4 93.16 1.404 L2 and L4 lack blood-brain enhance blood-brain K/N\) H s .
. e . =1. . oo . . . N N g
Protein O L6 438 271 7 3 7614 0576 barrier permeability barrier permeability y 2.1 3.1
> 30 (readily); while ensurin PBA(O-Pin) % .
Aggregates (B \Y7,\ ARENTINYZNY) Targetvalues: <500 <50 <10 <5 <90  <-1.0 (poorly) 8 1.1 1.2 1.3 2.3 38

antioxidant activity.

Johnston, H. M.; Kristof Pota; Barnett, M. M.; Kinsinger, O.; Braden, P. N.; Schwartz, T. M.; Hoffer, E.; Nishanth Sadagopan; Nguyen, N.; Yu, Y.; Go I , P.; Gyula Tircsd; Wu, H.; Akkaraju, G. R.; Chumley, M. J.; Green, K. N. Enhancement of the Antioxidant Activity and Neurotherapeutic
Features through Pyridol Addition to Tetraazamacrocyclic Molecules. Inorganic Chemistry 2019, 58 (24), 16771-16784. https://doi g/lO 1021/ orgchem. 9b02932

Contacts Acknowledgements

Saba Anjum, Department of Chemistry & Biochemistry, saba.anjum@tcu.edu N I H ACS ] e blesn et s VY

Shrikant Nilewar, shrinilewar@gmail.com THE WelCh SC'C m W Dallas-Fort Worth re S E a RC h Breen Research G'Jok'p*
. . . Let's Talk S m/‘

Kayla N. Green, Department of Chemistry & Biochemistry, kayla.green@tcu.edu National Institutes PO PN ATTON °ts faliseience Science and Engineering Research Center

of Health

© POSTER TEMPLATE BY GENIGRAPHICS® 1.800.790.4001 WWW.GENIGRAPHICS.COM



