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ABSTRACT 

 

Alzheimer’s Disease (AD) has a complex pathology that involves many potential players 

including, reactive oxygen species (ROS), mis-regulated metal ions, protein aggregations, and 

cholinergic signaling defects. Thus, many potential therapeutics being investigated are designed 

to target more than just one of these pathological components. However, to date, there has yet 

to be any approved drugs that effectively and safely cure or prevent the onset of AD. Green and 

co-workers have taken this multi-target directed ligand approach by designing and synthesizing 

metal chelating molecules that contain antioxidant and radical scavenging moieties. The idea 

behind this approach is that we can target mis-regulated metal ions and decrease ROS while also 

potentially effecting other players of AD pathology. To test and compare the potential application 

of the newly synthesized L4 to previously synthesized L2, various spectroscopic assays were 

utilized. These assays specifically looked at the ability to inhibit amyloid aggregation (a hallmark 

observed in AD patients), inhibit ROS production via redox cycling, and scavenge radical species. 

Results from the aggregation inhibition study were unexpected due to ligand-metal complex 

solubility within the assay conditions. L4 did show it could effectively prevent ROS production, 

primarily thanks to its stable metal binding conformation. Lastly, results from one of the radical 

scavenging assays showed increased potential of L4 compared to L2 to act as a radical scavenger 

while the second assay did not give the same results as expected but this was hypothesized to be 

due to reaction parameters. Overall, these finding still support the potential of L4 to act as a 

therapeutic agent for AD, but other modifications or studies must be performed for further 

validation.  
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INTRODUCTION 

 

I. Alzheimer’s Disease: Impact and Pathology  

The neurodegenerative disorder Alzheimer’s disease (AD) is the most prevalent form of 

dementia and accounts for  60-80% of cases.1 According to the Alzheimer’s Association 

report, an estimated 5.7 million Americans were living with AD in 2018,2 and that by 2050, 

someone will develop Alzheimer’s dementia every 33 seconds.1-2 Unfortunately, there is 

currently no cure and only a select, few drugs have been approved by the FDA to help manage 

some of the symptoms associated with AD.3 Thus, AD is listed as the sixth-leading cause of 

death in the United States.2 To make matters worse, the financial and emotional toll this 

disease has on patients and their families is daunting. For example,  the estimated total 

lifetime cost of care for someone with dementia as of 2017 was $332,399.4 

Perhaps the most well-identified aspects of AD are the common symptoms manifested over 

time, including a decline in language and motor skills, sensory information processing, and, 

of course, memory formation and retrieval.5 In contrast to this, the primary pathology 

hallmarks and cause of AD continue to be a major debate amongst researchers. There have 

been several pathological hypotheses developed in pursuit of elucidating the primary 

causative factors of AD including: (i) amyloid cascade hypothesis; (ii) tau hypothesis; (iii) metal 

ion cascade hypothesis; (iv) oxidative stress hypothesis; and (v) cholinergic hypothesis (Table 

1).3 The work presented in this thesis focuses on targeting aspects related to hypotheses (i), 

(iii), and (iv) because of their apparent overlap and will be discussed in further detail herein. 
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Table 1. Examples of contributing pathological hypotheses for Alzheimer's disease. 

 

 

 

 

 

 

 

 

 

II. Amyloid, Oxidative Stress, and Metal-ion Integrated Pathology of AD 

According to the amyloid cascade hypothesis, the cause of AD is an imbalance between Aβ 

production and clearance and the main neurotoxic element is the aggregates.12 The metal ion 

Entry Hypothesis Pathology observed 

(i)  Amyloid Cascade  

Senile plaques (SP) and toxic oligomers composed of 

amyloid-β (Aβ) aggregates are causative factor of AD. 
3, 6-7 

(ii)  Tau 

Neurofibrillary tangles (NFTs) composed of 

hyperphosphorylated tau proteins (ptua) correlate 

closely with neurodegredation.3, 6, 8-9 

(iii)  Metal Ion Cascade  

Metal ions (primarily Cu, Fe, and Zn) contribute to AD 

pathology via dyshomeostasis and mis-

compartmentalization.3, 10-11 

(iv)  Oxidative Stress  

The cellular damage initiated by reactive oxygen 

species (ROS) can contribute to multiple pathogenic 

pathways of AD.3, 10, 12-13 

(v)  Cholinergic  

The degradation of cholinergic neurons and associated 

cholinergic neurotransmitters contribute the cognitive 

function deterioration seen in brains of AD patients.3, 

14-15 

Figure 1. The pathological trifecta of Alzheimer's Disease.16 
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cascade hypothesis states that AD and the Aβ imbalance is primarily a consequence of 

impaired metal homeostasis.12 Lastly, the oxidative stress hypothesis states that the gene 

defects and mitochondrial function decline that result from enhanced oxidative stress due to 

reactive oxygen species (ROS) leads to the neurological decline observed in patients with 

AD.12 While there is evidence that supports each of these hypotheses, there are also 

indications that these hypotheses come together to form a pathological trifecta for AD (Figure 

1).16  It is important to first note that Aβ, metal ions, and ROS all have a role in normal, healthy 

functioning individuals, thus homeostasis disruption is a major theme in this pathology 

trifecta.  

Aβ is an innate protein found within the brain and is derived from cleavage of the amyloid 

precursor protein (APP) by protease and secretase enzymes.12, 17-18 Of the two cleavage 

pathways that APP undergoes; the amyloidogenic pathway specifically results in the 

formation of Aβ40 and Aβ42.12 These two Aβ peptides are found in various forms including the 

toxic soluble oligomers, protofibrils, and the insoluble extracellular aggregates or senile 

plaques (SP).12, 19 Any imbalance between the pathways or clearance of the Aβ products can 

contribute to their accumulation and subsequent pathological effects observed in AD 

patients.  

Metal ions, specifically those of Cu, Fe, and Zn, are necessary for many internal biological 

systems, including that of the Aβ pathway.12, 19 They are also essential for many neuronal 

functions including oxygen transport, electron transport, neurotransmitter synthesis, and 

free radical detoxification.20-21 If concentrations of these metal ions are not tightly regulated, 

problems arise in these pathways and many other secondary effects occur. It has been shown 
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that increases in the free metal ion concentrations can lead to protein aggregation (as seen 

with the Aβ peptides) and oxidative stress.16, 22 Evidence of Aβ plaques that contain increased 

amounts of Cu(II), Zn(II), and Fe(III) are also consistent with the metal-amyloid pathology.16 

Oxidative stress is the third component of this trifecta and further connects the other two 

pillars. Oxidative stress is the result of excess reactive oxygen species (ROS), which often are 

in the form of free radicals, and are natural byproducts of oxidative phosphorylation or 

aerobic metabolism.16, 20-21 A few examples include superoxide anion (O2
-•), hydroxyl radical 

(OH•), and hydrogen superoxide (HO2
•).21, 23 ROS induce damaging effects to lipids, DNA, and 

proteins during oxidative stress .10, 16, 20-21, 23 Fenton chemistry is another significant pathway 

through which ROS are generated utilizing hydrogen peroxide and metal ions.16, 20-21, 23 As 

mentioned above, the amyloid plaques themselves also induce ROS production and, when 

bound to the metal ions, also contribute to the Fenton Chemistry. 

III. Approach to Therapeutics 

As described previously, there are currently only a handful of FDA approved drugs for 

managing the symptoms associated with AD. These include four acetylcholinesterase 

inhibitors (AChEIs)—donepezil, tacarine, rivastigmine, and galantamine—which reportedly 

improve memory and cognitive function to an extent, but fail to prevent, halt, or reverse the 

overall progression of AD.24-25 Many other approaches focus on using metal chelators like 

Clioquinol (CQ) and cyclen to sequester the mis-regulated metal ions recognized as potential 

pathogenic instigators.16, 21 That being said, as more is understood about the complex 

pathology associated with AD, most research has been directed towards developing multi-

target-directed ligands (MTDL) for potential application as therapeutic agents.25-28 In addition 
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to functionality and target-specific moieties, other aspects of a potential therapeutic must be 

considered. These aspects include overall stability, water solubility, gram-scale availability, 

and biocompatibility in terms of toxicity and blood-brain-barrier (BBB) permeability.  

IV. A multimodal approach by Green and co-workers 

The MTDL approach is currently being explored by the Green Group through the synthesis 

and investigation of the therapeutic applications of a library of metal-binding azamacrocycles 

(Figure 2).16, 18, 21, 29 Green and co-workers developed this library to primarily target the 

overlapping factors associated with the Aβ aggregation, mis-regulated metal ions, and ROS 

as discussed above. The pyridine- and pyridol-based ligand library initially expanded on the 

work of Stetter and coworkers who first reported pyclen (L1) in 1981.16 L1 showed the ability 

to chelate Cu2+, Fe3+, and Zn2+ (biologically relevant metals).20-21, 29 L1 also acts as an 

antioxidant as a result of N-oxide formation within the conjugated pyridine ring.20-21, 29 Lastly, 

studies showed that L1 could inhibit and disaggregate metal-induced Aβ plaques.29 

L2 was designed based on the hypothesis that adding an electron donating (ED) functional 

group such as -OH in the para position of the pyridine ring would increase the antioxidant 

Figure 2. Green Group ligand library and functional assignments. 

= metal binding 

= antioxidant 

= radical scavenging 

Pyclen (L1) L2 L4 
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capabilities without affecting the other functionalities of L1. Results from several biological 

assays evaluating the antioxidant and radical scavenging character of L2 showed increased 

radical scavenging and antioxidant abilities compared to L1.20 L2 also maintained the metal-

chelating properties of L1.30  

With the relative success of the radical scavenger and pyridol-based L2 compared to L1, it 

was hypothesized that by doubling the number of pyridol moieties to form L4, the therapeutic 

effect could be enhanced further. This would theoretically increase the radical scavenging and 

antioxidant capabilities while simultaneously increasing the potency. Testing this hypothesis 

was one of the main goals of this project and involved using several relevant assays, including 

the Coumarin-3-carboxylic acid (CCA) redox cycling assay, 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) radical quenching assay, and Trolox equivalency antioxidant capacity (TEAC) assay, to 

compare L2 and L4 along with other antioxidant standards. Along with these studies, the 

ability of L4 to inhibit or induce disaggregation of Aβ will be evaluated using a turbidity and 

thioflavin T assay. To begin, I will discuss briefly the synthesis and metalation results obtained 

by other members of the group and will then describe the results of the assays performed to 

evaluate the potential application of L4 as an AD therapeutic. 
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MATERIALS AND METHODS 

 

I. General synthesis 

The synthesis of L4, as completed and reported by Hannah Johnston31 and based on work 

published in Bottino et al.32-35 was achieved in a 1:1 condensation reaction shown in Scheme 

1. Two equivalents of tosylamide monosodium (TsNHNa) were combined with 1 (4-benzyloxy-

2,6-bis(chloromethyl)pyridine in DMF under reflux to produce the cyclized and tosyl-

protected product 2.16, 36 This cyclization reaction can be visualized as proceeding through a 

monoalkylated-intermediate followed by self-condensation in the presence of excess 

TsNHNa, which acts as a base, to yield the desired macrocyclic product (Scheme S1).16, 36 The 

solid-state structure of 2 obtained through X-ray diffraction analysis is observed in the lowest 

energy syn confirmation. The removal of both the benzyl and tosyl protecting groups from 2 

is accomplished in one-step with a naphthalene-catalyzed lithiation reaction (Scheme 1).16, 37-

38 The reaction mixture is then hydrolyzed and an acid work-up yields L4 as the 

trihydrochloride salt. NMR analysis was consistent with the connectivity shown in Scheme 1. 

The ligand is highly soluble in water but only soluble in polar organic solvents in the basic 

form. 

 

Scheme 1. Synthetic methodology for the isolation of L4. 
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II. Metalation 

The complexation reactions were carried out by co-worker Hannah Johnston.31 Molecule L4 (42.5 

mg, 0.123 mmol) was weighed out and dissolved in 5 mL of water to give a clear-light yellow solution. The 

pH of the ligand solution was adjusted to 5.5 using a 1.0 M solution of KOH. Cu(ClO4)2•6 H2O (45.6 mg, 

0.123 mmol) was subsequently weighed out and dissolved in 1 mL of H2O. The metal solution was slowly 

added dropwise to the pH adjusted ligand solution to initiate the metalation. Immediately the solution 

color changed from light yellow to light blue; this solution was stirred at room temperature, open to air, 

for 24 h. The reaction mixture was subsequently evaporated under reduced pressure to afford a light 

green solid. The solid was dissolved in a minimum amount of CH3OH (1 mL) and a very small amount of 

H2O was added (0.8 mL). Any remaining salts left undissolved were filtered out of the solution; the filtered 

solution was set out for crystal growth. After several days more salts crashed out of solution, these were 

subsequently removed by filtration and the solutions were set out for slow evaporation crystallization 

again. After several cycles of filtering the solution and setting it out for slow evaporation, light green X-

ray quality crystals of CuL4 were isolated (15.1 mg, 0.017 mmol, 28% yield). Electronic absorption, λmax/nm 

(ε/M-1 cm-1); H2O: 758 (23); DMF: 873 (49). ESI-MS+ Calc (Found), [M]+: m/z= 370.0258 (369.8742). 31 

 

 

 

 

 

 

Scheme 2. Complexation reaction of L4 with Cu(II) and Zn(II). The KClO4 salts were 
removed by several cycles of slow evaporation and filtration in MeOH. 
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III. Turbidity Assay 

Turbidity inhibition studies were carried out using amyloid, copper(II), and metal chelators 

to determine the ability of L4 to prevent amyloid aggregation as compared to L2 and cyclen. 

The amyloid β1-40
 was dissolved in NH4OH (1% v/v aq) to prepare a ~200 μM solution. The 

Cu(II)  stock solution (1 mM) was prepared by dissolving CuCl2 in 10 mL of chelex-treated 

HEPES buffer (pH 6.6) and then diluted with buffer to prepare a 0.4 mM solution. Cyclen, L2, 

and L4 solutions (0.8 mM) were also all prepared in chelex-treated HEPES buffer (pH 6.6). 

These stock solutions were then used to prepare samples of various combinations of the 

three components and diluted with HEPES buffer so that the final concentrations were 20 

μM (amyloid), 40 μM (Cu), and 80 μM (ligand). Tyrosine fluorescence was then used to 

quantify aggregation. For sample preparation, 100 μL of each sample was diluted with 200 

μL of buffer in a 300 μL single-cell cuvette. Excitation and emission values utilized were 278 

nm and 308 nm, respectively.  

IV. CCA Assay 

All stock solutions were prepared separately in PBS buffer (1X, pH 7.4) except CuSO4•6H2O, 

which was dissolved and diluted in Milli-Q water. Final sample volume = 3 mL. Each 

experiment was performed in triplicate (n = 3). Hydroxyl radical production was followed by 

measuring the conversion of CCA into 7-hydroxy-CCA (λex = 395 nm, λem = 450 nm). General 

order of addition: PBS buffer (2200 μL for positive control, 2150 μL for 0.5 eq. samples, 2100 

μL for 1 eq. samples, 2300 μL  for neg controls ), CCA [100 μM, 500 μL], Desferal [1 μM, 100 

μL], molecule L2 or L4 [½ eq. = 5 μM, 50 μL; 1 eq. = 10 μM, 100 μL], Cu(II) [10 μM, 100 μL], 

then ascorbate [300 μM, 100 μL]. 
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V. DPPH assay 

A stock solution of the DPPH radical was prepared by dissolving 17.8 mg in 300 mL of 

methanol (150 μM). A solid sample of L4, ascorbic acid, or butylated hydroxytoluene (BHT) 

were dissolved in 10 mL methanol (stock concentration 5 mM). A solid sample of L2 was 

dissolved in 10 mL of water and the pH was adjusted to 7 using 1.0 M KOH. The water was 

then removed using the rotovap and the sample was dissolved in 10 mL of methanol (stock 

concentration 5 mM). Next, the sample solutions were prepared in 7 mL-vials by diluting the 

stock solutions (5 mM) with methanol to various concentration (2-3000 μM, 1 mL). Next, each 

working sample was prepared by mixing 100 μL of one of the prepared samples with 100 μL 

of the DPPH stock directly in the 96-well plate to final concentrations ranging from 1-1500 

μM. A separate well plate was used for each sample and each concentration was analyzed in 

triplicate. An aliquot of the DPPH stock solution (100 μL) was mixed with methanol (100 μL) 

and was used as a negative control for each sample. The samples were incubated in the dark 

for 30 minutes (as well as 1 hour for L2 and L4), at room temperature. For analysis, each well 

plate was run using the BMG Labtech FLUOstar Omega UV/Vis absorbance 

spectrophotometer microplate reader. The absorbance at 516 nm of each sample was 

measured. Each experiment was performed in triplicate (n = 3). The final absorbance values 

have been normalized to the average (n = 3) absorbance of the negative control DPPH sample 

and are expressed as the % DPPH radical quenched. 

VI. TEAC assay 

The TEAC assay was a second method used to test the radical scavenging ability of the 

representative compounds compared to additional antioxidant standards such as α-
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tocopherol (α-toc) and ascorbic acid (asc. acid). Trolox (6-hydroxy-2,5,7,8-

tetramethylchroman-2-carboxylic acid) itself is an α-tocopherol analog. To produce the 

ABTS•+ (2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt), ABTS was 

dissolved in 10 mL of water (7 mM) and then reacted with 2.45 mM potassium persulfate (6.6 

mg). This solution was then incubated in the dark for 22 hours at room temperature. Next 

the ABTS•+ was diluted with methanol to an absorbance of approximately 0.7±0.2 at 745 nm 

(final concentration = 87.5 μM). The Trolox, ascorbic acid, and α-tocopherol solutions were 

prepared by diluting the compounds in 10 mL of methanol (3 mM) and then diluted with 

methanol to a working stock of 218.17 μM. Varying concentration samples were then 

prepared using serial dilutions. The L2 and L4 solutions were prepared by diluting the 

compounds the 6 mL of DI-water, adjusting the pH to 7.0, removing the solvent, and then 

dissolving in 6 mL of methanol (6 mM). This stock was used to prepare samples of varying 

concentrations for analysis. For the absorbance measurements, 0.5 mL of the sample was 

mixed with 2.5 mL of ABTS•+ in a 3 mL cuvette and the absorbance was measured at 745 nm. 

Each sample data set was plotted to obtain a linear system of concentration vs. absorbance. 

The slope of each was normalized with respect to the Trolox in order to obtain the TEAC value.  
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RESULTS AND DISCUSSION 

I. Turbidity assay 

The turbidity assay is a method that allows us to determine if our ligand is capable of 

facilitating the disaggregation of β-amyloid. Aggregation is facilitated by the presence of 

metal-ions.39-42 It goes through a series of oligomers and then plaque aggregation. Therefore, 

the following experiments were designed to test if the molecules of interest can bind the 

copper and prevent this aggregation. In this assay, amyloid1-40 aggregation is initiated by the 

addition of transition metal solutions to amyloid as well as the metal binding compound. 

Fluorescence spectroscopy was used to evaluate the levels of aggregation compared to 

controls where no metal binding compound was added. Non-aggregated amyloid has natural 

fluorescence thanks to the tyrosine in position 10 of the peptide chain.43-45 As shown in Figure 

3, non-aggregated amyloid shows an intense fluorescence signal at 308 nm when irradiated 

at 278 nm. A significant decrease in fluorescent signal is observed when Cu(II) is added due 

to the amyloid aggregation and prevention of the Tyrosine-10 rotation, which is responsible 

for the fluorescent response. Cyclen addition results in a fluorescence signal relatively equal 

to the non-aggregated amyloid, thus indicating that cyclen is capable of inhibiting aggregation 

formation by chelating copper. L2 showed the same inhibiting capabilities of cyclen. However, 

when L4 was added into solution with copper an increase in fluorescence units was not 

observed. This was unexpected and, therefore, explored more closely.  

When considering the conditions of this assay, specifically the pH parameters, we 

hypothesized that the CuL4 complex is interfering with the fluorescent signal used to monitor 

amyloid aggregation. So potentiometric titrations of L4 with copper were carried out at a 

range of pH value to understand the metal-ligand stability and interaction. Results showed 
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that at neutral pH the CuL4 complex precipitates out of solution. This precipitate would 

explain the decrease in fluorescent units observed. Electron microscopy would be the next 

step in looking at fibril formation. 

 

Figure 3. Tyrosine Fluorescence of β-amyloid with various exposure to either metal, 

ligand, or both. (Excitation wavelength = 278 nm) 

 

II. CCA assay 

As discussed previously, one of the contributing factors to the development of AD is the 

production of ROS. One way this occurs is through the redox cycling of transition metals like 

copper. A popular model for this process, which can occur in the brain, is the Cu-ascorbate 

redox system that results in the generation of hydroxyl radicals (Scheme 3). This reaction can 

be evaluated using the coumarin-carboxylic acid (CCA) assay. As the hydroxyl radicals are 

produced, they react stoichiometrically with the CCA to form the fluorescent 7-hydroxy-CCA 

(Scheme 3). The relative fluorescence levels can therefore be used to evaluate and compare 

the capacity of L4 and L2 to halt the metal redox cycling by coordinating with the Cu(II) ions. 
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Scheme 3. Cu(II)/Cu(I) redox cycling in the presence of oxygen and ascorbate to produce 
ROS and the subsequent reaction of the hydroxyl radical with CCA to produce fluorescent 
7-hydroxy-CCA. 

 

As shown in Figure 4, the addition of one equivalent of L2 or L4 (with respect to Cu(II) 

concentration) results in almost complete inhibition of 7-hydroxy-CCA fluorescence while the 

addition of 0.5 equivalent of L2 or L4 results in only partial inhibition. The signal observed for 

the 0.5 equivalent samples is less than 50% of that compared to the positive control. 

Additionally, data collected from the cyclic voltammetry shows that both L2 and L4 shift the 

Cu(II)/Cu(I) redox cycling to potentials more negative than the redox chemistry of the copper-

ascorbate system.31, 46 The slightly enhanced ability of L4 to halt redox cycling compared to 

L2 can be attributed to the additional pyridol moiety, which may quench hydroxyl radicals 

that are produced during redox cycling. The ability of L2 and L4 to halt the redox cycling of 

Cu(II) and ascorbate in an aerobic environment makes both of these molecules good 
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candidates for use as future therapeutic agents to combat the production of excess ROS in 

the brain. 

 

 

 

 

Figure 4. Fluorescence intensity of 7-hydroxy-CCA after incubation of CCA (100 μM) and 
ascorbate (300 μM) with Cu(II) (10 μM) and either L2 (1 eq.= 10 μM, 0.5 eq.= 5 μM) or L4 
(1 eq.= 10 μM, 0.5 eq.= 5 μM). 
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III. DPPH assay 

 

 

Figure 5. DPPH solution color with increasing antioxidant concentration (left to right). 

 

A first approach used to compare the radical scavenging ability of L4 to L2 was the DPPH 

radical quenching assay. DPPH is a stable radical that is observed to have a maximum 

absorbance at 515 nm. The DPPH radical is quenched in the presence of a radical scavenging 

molecule, resulting in a decrease in the absorbance at 515 nm along with a visible color 

change from a deep purple to pale yellow (Scheme 4, Figure 5). This assay also included two 

antioxidant positive controls, BHT (butylhydroxytoluene) and ascorbic acid for comparison 

and the concentrations for each sample ranged from 1 μM to 1500 μM. As shown in Figure 

6, the radical scavenging ability of L4 is about two-fold greater than that of L2, and, at higher 

concentrations, near that of the BHT and ascorbic acid positive controls. These results provide 

Scheme 4. DPPH antioxidant reaction 
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evidence to support our hypothesis that the doubling of pyridol moieties to form L4 enhances 

that radical scavenging and antioxidant abilities as compared to L2. 

IV. TEAC assay 

The Trolox equivalent antioxidant capacity (TEAC) assay was a second approach used to 

compare the radical scavenging ability of L4 to L2. In this assay, Trolox is used as the gold 

standard antioxidant for the scavenging of the ABTS•+ radical cation and α-tocopherol (α-toc) 

and ascorbic acid (asc. acid) are used for additional comparison. Absorbance spectroscopy 

was once again used to quantify the radical scavenging abilities of each compound. However, 

rather than a percentage as with the DPPH assay, the data is reported as the TEAC value. The 

TEAC value is essentially the radical scavenging ability as compared to the gold standard 

Trolox. The ABTS•+ radical cation absorbs strongly at 745 nm and the reduction in absorbance 

at this wavelength with the addition of the compounds will give the antioxidant capacity of 

the compound.47 L2 and L4 both had TEAC values significantly less than α-tocopherol (α-toc) 

Figure 6. DPPH assay showing the radical scavenging abilities of L2 and L4 as compared 
to the positive controls BHT and ascorbic acid. 

 

Figure 7. DPPH assay showing the radical scavenging abilities of L2 and L4 as compared 
to the positive controls BHT and ascorbic acid. 
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and ascorbic acid (asc. acid), with L2 performing slightly better than L4 (Table 2). These 

results, though unexpected because of the contradiction to results of the DPPH assay, can be 

understood by looking at literature comparing the DPPH assay to the TEAC assay. For 

example, Abramovic and Csepregi reported and described similar contradicting results within 

their studies.48-49 This could be due to assay conditions (pH, solvent, solubility, etc.) 

compound size, or the differences in the mechanism of radical reactions. 

Table 2. TEAC values for compounds L2 and L4 compared to the positive antioxidant 
controls α-tocopherol (α-toc) and ascorbic acid (asc. acid). 

 

 

Compound TEAC value 

trolox 1.0000 

a-toc 0.8443 

asc. acid 0.6468 

L2 0.0122 

L4 0.0051 
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CONCLUSION 

In the ongoing search for potential therapeutic agents for AD, the Green group aimed to design 

and produce a new bispyridol containing tetra-aza macrocycle that would primarily target the 

mis-regulated metal ions and oxidative stress associated with the disease pathology. Thus, L4 

was designed with the hypothesis that by increasing the number of pyridol groups, we could 

enhance the radical scavenging antioxidant potential of that of L2, while still maintaining the 

metal chelating properties. After successful synthesis and metal-binding studies of L4 were 

complete, we evaluated aggregation inhibition and antioxidant activity through a series of assays 

and other studies. The turbidity assay using tyrosin-10 fluorescence as a marker for aggregation 

was shown to not be compatible with L4 due to the solubility effects of pH parameters and metal 

complexation that occurs. The ability of L4 to halt redox cycling of Cu(II) in the presence of oxygen 

and ascorbate was evaluated using the CCA assay, while radical quenching was established using 

the DPPH radical assay and TEAC assay. The CCA and DPPH studies showed that L4 could out-

perform the parent pyridinophane L2, supporting our hypothesis, but the TEAC assay showed 

both L2 and L4 had limited radical scavenging character as compared to Trolox. The results 

presented here encourage further evaluation of L4 as a potential AD therapeutic agent. Ongoing 

and future studies should continue to study these applications as well as the toxicity and 

metabolic stability of the molecule, especially in cellular model, and any other features of 

therapeutic agents that contribute to their efficacy and safety.  
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