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ABSTRACT 

 
 
It is known that the malfunctions of different, but interconnected, biochemical 

complex pathways are related to Alzheimer Disease (AD) and play an important 

role in the pathogenesis of the disease. This neurodegenerative disease is caused 

by genetic, environmental, and endogenous factors, but exact pathogenesis is not 

fully known yet. It’s a multifactorial disease including protein misfolding and 

aggregation, oxidative stress and free radical formation, metal dyshomeostasis, 

mitochondrial dysfunction, and phosphorylation impairment, all occurring 

concurrently.  

Inhibition of acetylcholinesterase (AChE) and therefore prevention of 

acetylcholine degradation is one of the most accepted therapy opportunities for 

AD. Another approach is consistent with the production of reactive oxygen 

species (ROS) that occurs in the aging brain because of a decline in antioxidant 

defense mechanisms. ROS can attack proteins and membrane lipids causing 

progressive neurodegeneration. Therefore drugs that can either reduce the 

formation of ROS and/or protect cells from their damaging effects may decrease 

neurodegeneration and slow its progression. 

Considering these, the effect of several synthetic xanthone derivatives on AChE 

activity has been evaluated. Additionally, the antioxidant activity and metal 

chelating activity of these compounds have also been performed. 
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ABSTRAKT 

 
 
Je známo, že malfunkce různých, ale navzájem propojených, biochemických drah 

je spojena s Alzheimerovskou demencí a hraje důležitou roli v patogenezi nemoci. 

Tato neurodegenerativní nemoc je způsobena vlivy genetickými, vlivy prostředí a 

vnitřními faktory, ale přesná patogeneze není ještě úplně známa. Toto 

vícefaktorové onemocnění zahrnuje současně objevující se špatné ukládání a 

agregaci proteinů, oxidativní stres a tvorbu volných radikálů, dyshomeostázi kovů, 

mitochondriální dysfunkci a poškození fosforylace proteinů.  

Inhibice acetylcholinesterázy a tedy prevence degenerace acetylcholinu je jedna z 

nejvíce akceptovaných možností terapie Alzheimerovy demence. Další možnost 

terapie je odpovídající patogenezi stárnoucího mozku, kde se objevují volné 

kyslíkové radikály (ROS) v důsledku úpadku antioxidačních protektivních 

mechanismů. ROS mohou atakovat proteiny a lipidové membrány a způsobit tím 

progresi neurodegenerace. Proto léčiva, která mohou snížit tvorbu ROS a/nebo 

ochránit buňky před jejich ničivými efekty, mohou snížit neurodegeneraci a 

zpomalit její postup. 

S ohledem na tyto účinky byl zjišťován efekt některých syntetických xanthonů na 

aktivitu AChE. A dodatečně byla u těchto sloučenin zjištěna antioxidační a 

chelatační aktivita. 
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Abbreviations: 

 
 

1-HX  1-hydroxyxanthone 

AD  Alzheimer Disease 

ADDLs Aß-derived diffusible ligands 

ACh  acetylcholine 

AChE  acetylcholinesterase 

AChEI  acetylcholinesterase inhibitor 

APP  amyloid precursor protein 

Aß  amyloid β 

Aß42  fibrillogenic isoform of Aß 

ATCI  acetylthiocholine iodide 

B0  blank without acetylcholinesterase 

BAChE  blank with acetylcholinesterase 

BSA  bovine serum albumin 

DMSO  dimethylsufphoxide 

DPPH  1,1’-diphenyl-2-picrylhydrazyl 

DTNB  5,5‘-dithiobis-(2-nitrobenzoic acid) 

EC50  50 % effective concentration 

EDTA  ethylendiamin tetra acetic acid 

HMG-CoA 3-hydroxy-3-methyl-glutaryl coenzyme A 

IC50  50 % inhibition concentration 

M  metal 

MAO  monoaminooxidase 

MCM  multi-compound medication 

MeOH  methanol 

MMT  multi-medication therapy 

MTDLs multi-target directed ligands 

NMDA N-methyl-D aspartat 

NTFs  neurofibrillary tangles 

QSAR  quantity structure action relationship 

ROS  reactive oxygen species 
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S0  blank of sample 

SAChE  sample with acetylcholinesterase 

SAR  structure action relationship 

SEM  standard error of measurement 

UPS  ubiquitin proteasomal system 
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1. Introduction 

 
 

Alzheimer Disease (AD) is the most common neurodegenerative disease 

and the fourth leading cause of death for people over 65 years in Western 

countries, which cause progressive decline in elderly brain. The prevalence 

increases with age. Hence, AD is becoming more and more common as the 

average age of the population increases and will become major health 

problem in the 21st century as the average age of the population increases 

(Brühlmann et al. 2001).  

 

There are two forms of AD. A familiar one (multiple family members are 

affected) and a sporadic one (in which one or a few members of a family 

develop the disease). With expectations in line with an increase in average 

life expectancy, the number of affected people is assumed to triple by 2050, 

with immerse economic and personal tolls (Mount, Downtown 2006).  

 

Among the most enigmatic and problematic issued in biomedicine have 

long been viewed neurodegenerative diseases. As research on 

neurodegenerative diseases has moved from descriptive phenomenology to 

mechanistic analysis, it has become even more clear that the major basic 

processes involved are multifunctional in nature, caused by genetic, 

environmental, and endogenous factors. The neurodegenerative diseases 

share some multifactorial pathogenic mechanism and clinical manifestation. 

Some general pathways can be recognized in different pathogenic cascades. 

They include, concurrently occurring, protein misfolding and aggregation, 

oxidative stress and free radical formation, metal dyshomeostasis, 

mitochondrial dysfunction and phosphorylation impairment (fig. 1) 

(Cavalli et al. 2008). 
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Fig. 1 presents schematic pathways of the multifactorial events leading to 

neuronal death. General mechanisms, such as protein misfolding and 

aggregation, oxidative stress, metal (M) dyshomeostasis, mitochondrial 

dysfunction, and altered protein phosphorylation, have been identified in 

several neuronal disorders (Cavalli et al. 2008). 

 

One-hundred years after the discovery of AD, the scientific consensus is 

quite firm that it is a multifactorial disease caused by genetic, 

environmental, and endogenous factors, as with the other neurodegenerative 

disorders, although the pathogenesis of AD is not fully known yet. These 

factors include excessive protein misfolding and aggregation, often related 

to the ubiquitin-proteasomal system (UPS), oxidative stress and free radical 

formation, impaired bioenergetics and mitochondrial abnormalities, and 

neuroinflammatory processes. These insights, coupled with further ongoing 

discoveries about AD pathogenesis, have provided the rationale for the 

therapies directly targeting AD molecular causes (Cavalli et al. 2008).  
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1.1. Ethiopathogenesis of Alzheimer Disease 

 

AD is neuropathologically characterized by the presence of numerous 

plaques of amyloid β-peptide (Aβ), neurofibrillary tangles (NFTs), and 

degeneration or atrophy of the basal forebrain cholinergic neurons. The loss 

of basal forebrain cholinergic cells result in an important reduction in 

concentration of acetylcholine (ACh), which is believed to play an 

important role in the cognitive impairment associated with AD. 

Accordingly, increasing the levels in ACh has been considered as one of the 

most promising approaches for the symptomatic treatment of this 

neuropathological disease. To dare, several acetylcholinesterase (E.C. 

3.1.1.7.; AChE) inhibitors are commercially available, for the example 

galanthamine, donepezil, rivastigmine and tacrine (fig. 2) (Brühlmann et al. 

2004). 

 

Tacrine
Donepezil

Galanthamine Rivastigmine

N

O

N

OH

O
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MeO

MeO

 

Fig. 2 Chemical structure of four molecules currently used as an AD therapy. 
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 Nowadays, persuasive evidence suggests that Aβ secretion is the triggering 

event in the pathogenesis of AD and that the τ aggregation may be an 

important secondary event linked to neurodegeneration (fig.3). According to 

“amyloid cascade hypothesis”, Aβ would originate from sequential 

proteolysis of the APP (amyloid precursor protein) and it would deposit and 

aggregate in extracellular insoluble plaques (Cavalli et al. 2008).  

Central to this hypothesis is the observation that the amount of fibrillogenic 

Aβ is increased by the vast majority of mutations causing familial AD and 

that Aβ impairs neuronal functions in a variety of experimental models. 

Soluble Aβ is thought to undergo a conformational change to high β-sheet 

content, which makes it prone to aggregate into soluble oligomers and 

larger insoluble fibrils in plaques. The fibrillogenic Aβ42 isoform triggers 

the misfolding of other Aβ species in this process. At first, only Aβ 

deposited in plaques assumed to be neurotoxic, but more recent findings 

suggest that soluble oligomers (Aβ-derived diffusible ligands or ADDLs) 

might be the central players (Cavalli et al. 2008).  

Afterwards, Aβ may exert its neurotoxic effects in a variety of ways leading 

to eventual neuronal toxicity and death. Lately it has become clear that 

beside the forming extracellular aggregates, Aβ (or its precursor APP) has 

also complicated intracellular effects involving a variety of subcellular 

organelles, including mitochondria. Mitochondrial APP has been shown to 

accumulate in the protein import channels of mitochondria of human AD 

brains. This accumulation inhibits the entry of cytochrome c oxidase 

subunits proteins, with decreased activity of respiratory chain enzymes, 

increased free radical generation, and impaired reducing capacity.  

These data provide a potential explanation for the well-established 

observation that mitochondrial function and energy metabolism are 

impaired early in AD (Cavalli et al. 2008). 
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Fig. 3 Possible molecular cause of neuronal death and protective mechanisms in 

AD. The central event in AD pathogenesis is an imbalance between Aβ production 

and clearance. One way to confront AD pathogenesis may be to combat the 

oligomerization by means of small molecules. A role for metal ions and ROS has 

also been advanced in the Aβ oligomerization. Therefore metal chelation and 

antioxidant activity are two general mechanisms to be considered in the search for 

disease-modifying anti-AD drug candidates (Cavalli et al. 2008). 

 

Neurofibrillary tangles (NFTs) are composed mainly of paired helical 

filaments that contain an abnormal hyperphosphorylated form of the 

microtubule-associated protein τ. Phosphorylation within the microtubule 

binding domain of τ protein results in its reduced ability to stabilize 

microtubules assembly, leading to the disruption of neuronal transport and 

eventually to accelerated synaptic loss and cell death.  

Several other hypotheses have been designed to explain the pathogenesis of 

AD, including oxidative stress, inflammation and metal ion dyshomeostasis. 



Diploma project 2011 

Barbora Suchánková 11 

In the context of such a complex disease, it is not trivial to submit that these 

hypotheses are not mutually exclusive. More likely, they complement each 

other, intersecting at a high level of complexity (Cavalli et al. 2008). 

 

1.2. Current therapy of AD 

 

Cholinergic hypothesis is the oldest endeavour to treat AD. Scientists tried 

to higher level of ACh in neurosynapsis, below the strongest influence of 

clinical treatments, to boost up the cognitive properties at AD patients. In 

fact, in 1993, it led to the introduction of the acetylcholinesterase inhibitor 

(AChEI) tacrine. It was the first drug which was approved for the treatment 

of AD, now rarely used because of its hepatotoxicity (Watkins P.B. et al. 

1994). Later appeared on the market three other AChEIs, donepezil, 

rivastigmine, and galanthamine (fig. 2), and become standard treatment for 

AD. Couple years later other molecule reached the market, promising 

improvements in therapy. It was memantine, a noncompetitive NMDA 

antagonist (fig.4), which complements the therapy, but even though 

beneficial in improving cognitive, behavioral and functional impairments, it 

seem unable to address the molecular mechanisms that underlie the 

pathogenic processes (Cavalli et al. 2008). 

 

Memantine

 

Fig. 4 Structure of memantine, an antagonist of NMDA. 

 

Current AD drug development programs focus primarily on agents with 

antiamyloid disease-modifying properties. Many different pharmacological 

approaches study to reduce amyloid pathology and tauopathy. There are 
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currently in the advanced stage some clinical trials which are testing various 

forms of immunotherapy, a γ-secretase inhibitor, the selective Aβ42-

lowering agent R-flurbiprofen,- and the antiaggregation agent tramiprosate. 

Other nontraditional dementia therapies are now being evaluated for their 

clinical benefits as disease-modifying treatments such as the HMG-CoA 

reductase inhibitors (statines), valproate, and lithium salts (Christensen 

2007). 

Furthermore Brühlmann et al. (2004) mention in their article that has been 

presented that AChE could also play an important role in accelerating Aβ 

plaque deposition. The structural motif of AChE located in the peripheral 

binding site of AChE is involved in accelerating amyloid fibril formation 

and ligands of this peripheral binding site can affect this activity while 

inhibitors at the active site do not. This has led scientists to reconsider this 

enzyme as a target that is responsible for two important effects in the 

neurotoxic cascade that are, Aβ fibrils formation and acetylchonine (ACh) 

breakdown (fig. 5). 

 

 

 

Fig. 5 Mechanism of action of ACh at a cholinergic synapse. ACh is released in the 

synaptic cleft where it activates both postsynaptic and presynaptic cholinergic 
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receptors [nicotinic (N) and muscarinic (M)] leading to an increase of cholinergic 

transmission, which results in cognition improvement. ACh is removed from the 

synapse by the action of the enzyme AChE, which is the target of the available 

AChEIs for AD treatment (Cavalli et al. 2008). 

 

 

1.3. Perspective for treatment of AD 

 

Along the all accumulating insights into AD complexity and the multiple 

etiologies of this neurodegenerative disease we can be confident that multi-

compound medication (MCM) and/or multi-medication therapy (MMT) 

might offer more effective treatment strategy. These medications, which 

offer the prospect of additional benefits with respect to single-drug 

treatments, may represent a way of targeting the multiple pathological 

processes involved in AD. It is worth nothing that the number of patented 

MCM has overtaken that of single-drug entities for the potential treatment 

of AD. MMT has already proven success in the treatment of similarly 

complex diseases such as cancer, HIV, and hypertension. Here it achieves 

maximum efficacy by attacking several targets simultaneously, exploiting 

synergy, and minimizing individual toxicity. In clinics, MMT of memantine 

and an AChEI appear to produce an additional effect resulting in a well-

tolerated, effective treatment strategy (Cavalli et al. 2008). 

From this hypothesis, one of the most widely spread strategies, is to modify 

the molecular structure of AChEI in order to provide it with additional 

moieties useful for targeting AD. Because of that xanthones were tested for 

antioxidant activity and radical scavenging activity beside the AChEI 

activity in this work. 
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2. Xanthones 

 

Heterocycles play an important role in the design and discovery of the new 

physiological/pharmacologically active compounds. By the chemical view, 

xanthones (9H-xanthen-9-ones) are heterocyclic compounds containing the 

dibenzo-γ-pyrone framework (fig. 6). Naturally-occurring xanthones 

leading to a large variety of pharmacological activities with nearly thousand 

known members contain different types of substituents in different position. 

As their biosynthetic pathways are limiting factor for the structural variation 

of naturally-occurring xanthones, the synthesis of new derivatives can help 

rationalize the relationship of structural features and activity (Sousa & Pinto 

2005). 

Natural xanthones can be subdivided, depending on the nature of the 

substituents in the dibenzo-γ-pyrone scaffold, into: simple oxygenated 

xanthones, glycosylated xanthones, prenylated xanthones and their 

derivatives, xanthone dimmers, xanthonolignoids and miscellaneous. On the 

other hand, the xanthones of the synthetic origin can have simple groups 

such as hydroxyl, methoxyl, methyl carboxyl, as well as more complex 

substituents such as epoxide, azole, methylidenebutyrolactone, 

aminoalcohol, sulfamoyl, methylthiocarboxylic acid, and dihydropyridine in 

their scaffold (Pinto et al. 2005).  

 

 

 

 

Fig. 6 Xanthone scaffold. 
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2.1. Biological activity 

 
Xanthones, structurally phenolic compounds, were studied for their 

different biological activities. Among others different derivatives of 

xanthone have antioxidant properties, can act as the free radical scavengers, 

as the metal chelators as well as inhibitors of lipid peroxidation or could 

have some hepatoprotective, anti-inflammatory and cancer chemopreventive 

effects (Pinto et al. 2005).  

 

Xanthone nucleus is not solely restricted to a pharmacophoric moiety role, 

the xanthonic backbone can also function as a substituent group to modulate 

the biological responses. It could be pointed out, that the appearing results 

from the pharmacological activity evaluation of both synthetic and natural 

compounds have resulted in the increasing quest and optimization of “hit” 

and lead compounds. For this purpose, the structure-activity relationship 

(SAR) studies are currently available for the following activities: 

antimalarial, tuberculostatic, antithrombotic, antimycotic, antiplatelet, 

antiallergic, anti-inflammatory, antitumor, antimutagenic and antioxidant. 

Furthermore, SAR studies have been also developed in the field of 

adrenergic blocking agents, P-glycoprotein modulators, calcium antagonists, 

blocking agents, leukotriene B4 receptors, as well as on several enzymes, 

such as aldose-reductase, cyclic AMP-phosphodiesterase, aromatase, 20-

lyase, human cytochrome P450 17 α-hydroxyase-17, MAO, 

sphingomyelinases and protein kinases. From the available SARs 

quantitative structure-activity relationship (QSAR) studies are appearing for 

the tuberculostatic agents and MAO inhibitors. More recently, 

computational studies have been developed in the field of antimalarial 

agents using docking studies to obtain a correlation between xanthone 

derivatives and hematin/hemazoin targets (Pinto et al. 2005). 

 

The other effects that xanthone derivatives influence are the crucial enzyme 

systems, such as inhibitions acetylcholinesterase 

(aminoalkoxy/xanthostigmin analogs, oxygenated, prenylated, pyrano and 

unsubstitued derivatives) and also inhibitors of butyrylcholinesterase 
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(aminoalkoxy/xanthostigmin analogs), very interesting from our point of 

view (Pinto et al. 2005). 

 

Investigations based on natural substances have been particularly successful 

during recent decades. To this end, a number of xanthone derivatives from 

natural and synthetic origins have been evaluated for their 

cytotoxic/antitumoral activity. Only some of the “hit”/lead compounds will 

be highlighted from these large structural groups thanks to their well 

recognized and specific mode of action. On the other side, the use in 

traditional medicine of some extracts containing xanthone makes emergent 

to have an extended discussion of some xanthones such as mangiferin. 

 

Mangiferin (fig. 7) is polyphenol well known for its antioxidant, anti-

inflammatory, imunomodulatory and antiviral effects. Interestingly, the first 

xanthone to be investigated for the pharmacological purposes was 

mangiferin itself. Some of the mangiferin containing extracts are used for 

their activity in traditional medicine in many parts of the world. Mangiferin 

was proven to be responsible for their effects, due to its ability to scavenge 

free radicals involved in lipid peroxidation initiation, an activity evidenced 

by redox properties (Pinto et al. 2005). 

 

 

 

Fig. 7 Mangiferin 
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Because mangiferin is a polyhydroxy derivative of xanthone and has some 

radical scavenging activity, which would be beneficial for treatment AD, it 

was also tried in assay according to Ellman (1961) for 1-hydroxyxanthone 

derivate (1-HX), to find out if the 1-HX eventually also inhibits 

acetylcholinesterase. 
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3. Acetylcholinesterase assay 

 

3.1. Materials and methods  

 

 The evaluation of AChE inhibitory activity of xanthone 

derivatives was performed according to the Ellman method (Ellman 

et al., 1961). This method is based on measuring absorbance 

(λ=410 nm) of yellow 5´-thio-2-nitrobenzoate, which develop from 

thiocholine and 5,5‘-dithiobis-(2-nitrobenzoic acid) (Fig.8) 

Acetylthiocholine Acetate Thiocholine

AChE

Thiocholine

5,5_dithiobis_(2_nitrobenzoic~acid) 2_nitrobenzoate_5_mercaptothiocholine 

5_thio_2_nitrobenzoate

 

 

Fig. 8.  Ellman’s reaction: Acetylthiocholine is hydrolyzed by 

acethylcholinesterase to acetate and thiocholine. Then, thiocholine and in the 

presence of Ellman’s reagent (5,5‘-dithiobis-(2-nitrobenzoic acid)) gives 

2-nitrobenzoate-5-mercaptothiocholine and 5-thio-2-nitrobenzoate, which 

produces yellow colour, that can be detected by measuring absorbance at 



Diploma project 2011 

Barbora Suchánková 19 

410nm.  If the enzyme is inhibited, the yellow colour does not appear in 

such deepness intensity. 

 

3.1.1. Chemicals and equipment 
 

3.1.1.1. Buffers 

 
In this assay the following buffers were used. Buffer A: 50 mM 

Tris-HCl, pH 8; buffer B: 50 mM Tris-HCl, pH 8, containing 0.1% 

bovine serum albumin (BSA); buffer C: 50 mM Tris-HCl, pH 8, 

containing 0.1 M NaCl and 0.02 M MgCl2 ˙ 6H2O. 

 

3.1.1.2. Enzyme 

 
The acetylcholinesterase (AChE) from electric eel (type VI-s, 

lyophilized powder, 425.94 U/mg, 687 U/mg of protein), was 

purchased form Sigma-Aldrich. Lyophilized powder was dissolved 

with buffer A to get 1000 U/ml and further diluted with buffer B to 

get 0.22 U/ml enzyme solution for the microplate assay. 

 

3.1.1.3. Substrate 

 
Acethylthiocholine iodide (ATCI) was purchased from 

Sigma-Aldrich and for the microplate assay was used 15 mM 

solution in Millipore water. 

 

3.1.1.4. Ellman’s reagent 

 
For microplate assay was used 3 mM solution of 

5,5‘-dithiobis-(2-nitrobenzoic acid) in buffer C (DTNB). It was 

purchased from Sigma – Aldrich. 

 

3.1.1.5. Reference – AChE inhibitors 

 
Physostigmine (eserine) and galanthamine hydrobromide (fig. 9) 

was used for validating method and comparing results. 
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Fig. 9 Structure of galathamine 

 

3.1.1.6. Microplate reader and microplates 

A 96-wells microplate was used in this assay. The absorbance was 

determined in a Bio-Tech microplate reader.  Absorbance was 

measured at 410 nm right after addition of enzyme (AChE). 

 

3.1.1.7. Xanthone derivatives 

From all available derivatives of xanthone at CEQUIMED-

UP/Laboratory of Organic and Pharmaceutical Chemistry, was 

chosen those which were amino derivatives in sufficient amount 

(Table 1.). This large group of aminoxanthones was divided 

according to their solubility in methanol (MeOH) and 

dimethylsulphoxide (DMSO). The group of aminoxanthones 

soluble in DMSO contained just four aminoxanthones. The other 

group of aminoxanthones soluble in methanol contained fourteen 

compounds. Insoluble compounds were not tested. 

 

Table 1. 

Shortcut Name Solubility 
1-XH 1-hydroxyxanthone MeOH 

X1456N 4,5,6-trichloro-1-(2-diethylamino)ethylaminoxanthone MeOH 

TXA1 HCl 
1-(2-diethylamino)ethylamino-4-propyloxythioxanthone 
hydrochloride MeOH 

TXA1 1-(2-diethylamino)ethylamino-4-propyloxythioxanthone MeOH 
X13456N 3,4,5,6-tetrachlor-1-(2-diethylamino)ethylaminoxanthone Insol. 
X1456N 4,5,6,- trichloro -1-(2-diethylamino)ethylaminoxanthone Insol. 
X1356N 3,5,6- trichloro -1-(2-diethylamino)ethylaminoxanthone Insol. 
X1346N 3,4,6- trichloro -1-(2-diethylamino)ethylaminoxanthone Insol. 
X1345N 3,4,5- trichloro -1-(2-diethylamino)ethylaminoxanthone Insol. 
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X146N 4,6-dichloro-1-(2-diethylamino)ethylaminoxanthone Insol. 
X145N 4,5- dichloro -1-(2-diethylamino)ethylaminoxanthone Insol. 
X135N 3,5- dichloro -1-(2-diethylamino)ethylaminoxanthone Insol. 
X136N 3,6- dichloro -1-(2-diethylamino)ethylaminoxanthone Insol. 
X156N 5,6- dichloro -1-(2-diethylamino)ethylaminoxanthone Insol. 
X16N 6-chloro-1-(2-diethylamino)ethylaminoxanthone Insol. 
X15N 5-chloro-1-(2-diethylamino)ethylaminoxanthone MeOH 

X135N-Br 
3,5-dichlor-1-(2-diethylamino)ethylaminoxanthone 
hydrobromide Insol. 

X136 1,3,6-trichloorxanthone Insol. 
X135 1,3,5-trichloroxanthone Insol. 

X1345N-Br 
3,4,5-trichloro-1-(2-diethylamino)ethylaminoxanthone 
hydrobromide MeOH 

X145 1,4,5-trichloroxanthone Insol. 
X146 1,4,6-trichloroxanthone Insol. 
X1356 1,3,5,6-tetrachloroxanthone Insol. 

X1356N-Br 
3,5,6-trichloro-1-(2-diethylamino)ethylaminoxanthone 
hydrobromide MeOH 

X145N-Br 
4,5-dichloro-1-(2-diethylamino)ethylaminoxanthone 
hydrobromide MeOH 

X1456 1,4,5,6-tetrachloroxanthone MeOH 

X1456N-Br 
4,5,6-trichlor-1-(2-disthylamino)ethylaminoxanthone 
hydrobromide MeOH 

X136N-Cl 
3,6-dichloro-1-(2-diethylamino)ethylaminoxanthone 
hydrochloride MeOH 

X13456N-Br 
3,4,5,6-tetrachloro-1-(2-diethylamino)ethylaminoxanthone 
hydrobromide DMSO 

X1346N-Br 
3,4,6-trichloro-1-(2-diethylamino)ethylaminoxanthone 
hydrobromide MeOH 

X136N-Br 
3,6-dichloro-1-(2-diethylamino)ethylaminoxanthone 
hydrobromide MeOH 

X156 1,5,6-trichlorxanthone Insol. 

X156N-Br 
5,6-dichloro-1-(2-diethylamino)ethylaminoxanthone 
hydrobromide MeOH 

X146N-Br 
4,6-dichloro-1-(2-diethylamino)ethylaminoxanthone 
hydrobromide Insol. 

X146N-Cl 
4,6-dichloro-1-(2-diethylamino)ethylaminoxanthone 
hydrochloride DMSO 

X1356N-Cl 
3,5,6-trichloro-1-(2-diethylamino)ethylaminoxanthone 
hydrochloride DMSO 

X135N-Cl 
3,5-dichloro-1-(2-diethylamino)ethylaminoxanthone 
hydrochloride MeOH 

X16N-Br 
6-chloro-1-(2-diethylamino)ethylaminoxanthone 
hydrobromide DMSO 

X15N-Br 
5-chloro-1-(2-diethylamino)ethylaminoxanthone 
hydrobromide MeOH 

 



Diploma project 2011 

Barbora Suchánková 22 

Table 1 Xanthones tested, presenting solubility in methanol (MeOH), 

dimethylsulphoxide (DMSO) or insolubility in neither of these solvents. 

 

All the methanol soluble aminoxanthones were dissolved to make a 

stock solution of 2 mM concentration. This concentration was 

chosen to follow measurement limits of the balance and to supply 

volumetric requirements for the assay. It was needed to make 

further dilutions to prepare trial solutions of precise concentration. 

To get 10 µM concentration in the well a stock solution of 100 µM 

was prepared for all xanthones. 

 

3.1.2. Calculations 
 

3.1.2.1. Buffer A:  

»50mM Tris-HCl in millipore water, pH = 8 
Mr = 121.14 
V = 500 ml 
m = c ̇ M ˙ V 
m = 0.050 ˙ 121.14 ˙ 0.5 = 3.0285 g 
 

3.1.2.2. Buffer B:   

»0.1% Bovine serum albumin in buffer A 
It was weighted out 0.005 g and dissolved in 5 ml buffer A 
 

3.1.2.3. Buffer C:  

»0.1M NaCl + 0.02M MgCl2 ˙6H2O dissolved in buffer A 
 

NaCl: 
Mr = 58.443 
V = 100ml 
m = c ̇ M ˙ V 

m = 0.1 ̇ 58.443 ̇ 0.1 = 0.5844 g 
MgCl2 ˙ 6H20: 

Mr = 203.30 
V = 10 0ml 
m = c ̇ M ˙ V 

m = 0.1 ̇ 203.30 ̇ 0.1 = 0.4066 g 

 

3.1.2.4. Acethylthiocholine Iodide – ATCI;  

»15mM in Millipore water 
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Mr = 289.18 
V = 10 ml 
m = c ̇ M ˙ V 

M = 0.015 ̇ 289.18 ̇ 0.01 = 0.0434 g 

 
3.1.2.5. 5,5´-dithiobis-(2-nitrobenzoic acid) –DTNB;  

»3mM in buffer C 
Mr = 396.35 
V = 10 ml 
m = c ̇ M ˙ V 

m = 0.003 ̇ 396.35 ̇ 0.01 = 0.0119 g 
 

3.1.2.6. Acetylcholinesterase from electric eel;  

»diluted with buffer B to get 0.22 U/ml 
Stock solution = 1614.45U/ml 
1614.45 / 0.22 = 0.0136 ml for 100 ml 
       0.00136ml for 10 ml  
 

3.1.2.7. Galanthamine  

 

To experimentally find out IC50 of galanthamine it was settled 

down a scale of concentrations. The range of concentration should 

include supposed IC50. It was chosen 300 µM; 100 µM; 25 µM; 

10 µM and 2.5 µM. To get these concentrations in the well it was 

needed to prepare solutions with 10 times higher concentration 

(because of dilution during the microplate preparation for the 

assay).  

 

300 µM  

Because of dilution in the well it was needed to prepare 3mM 

solution (ten times higher concentration). 

 

Mr = 368.27 

V = 1 ml 

m = c ̇  M ˙  V 

m = 0.003 ̇ 368.27 ̇  0.001 = 0.001148 g 

»  0.001148 g  of galanthamine dissolved with 0.1 ml of methanol 

and filled in with buffer A to get 1 ml = 1ml of 3mM solution 



Diploma project 2011 

Barbora Suchánková 24 

 

100 µM   

preparing 1mM solution  

c1 ˙ V1 = c2 ˙ V2   »  V1 = (c2 ˙ V2) / c1 

    V1 = (0.001̇ 0.0002) / 0.003 

     V1 = 0.000066 = 67 µl 
» 67 µl + 133 µl of buffer A = 200 µl of 1mM solution 

 

25 µM 

preparing 0.25mM solution  

c1 ˙ V1 = c2 ˙ V2   »  V1 = (c2 ˙ V2) / c1 

    V1 = (0.00025̇ 0.0002) / 0.001 

     V1 = 0.00005 = 50 µl 
» 50 µl + 133 µl of buffer A = 200 µl of 0.25mM solution 

 

10 µM 

preparing 0.10mM solution 

c1 ˙ V1 = c2 ˙ V2   »  V1 = (c2 ˙ V2) / c1 

    V1 = (0.0001̇ 0.0002) / 0.001 

     V1 = 0.00002 = 20 µl 
» 20 µl + 180 µl of buffer A = 200 µl of 0.1mM solution 

 

2.5 µM 

preparing 0.025mM solution 

c1 ˙ V1 = c2 ˙ V2   »  V1 = (c2 ˙ V2) / c1 

    V1 = (0.000025̇ 0.0002) / 0.00025 

     V1 = 0.00002 = 20 µl 
» 20 µl + 180 µl of buffer A = 200 µl of 0.025mM solution 

 

To every concentration of galanthamine sample was also prepared 

a blank, begin with 10% of methanol solution in buffer A and 

further diluted the same way as galanthamine samples. 
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3.1.2.8. Derivatives of aminoxanthones 

 

All the methanol soluble aminoxanthones derivatives were 

dissolved to make a stock solution at 2mM concentration (table 2). 

This concentration was chosen to follow measurement limits of the 

balance and to supply volumetric requirements for the assay. It was 

needed to make further dilutions to prepare trial solutions of 

precise concentration. 

Table 2 

XANTHONES   (2 mM) Mr m=cMV / [g] 
1-HX 212.20 0.0008 

X1456N 413.72 0.0017 
TXA1 HCl 421.00 0.0017 

TXA1 384.53 0.0015 
X15N 344.84 0.0014 

X1345N - Br 494.64 0.0020 
X1356N - Br 494.64 0.0020 

X145 - Br 460.19 0.0018 
X1456N - Br 494.64 0.0020 
X136N - Cl 415.74 0.0017 

X1346N - Br 494.62 0.0020 
X136N - Br 460.19 0.0018 
X156N - Br 460.19 0.0018 
X135N - Cl 415.74 0.0017 
X15N -  Br 425.75 0.0017 

 

Table 2 Concentrations for the stock solutions of tested aminoxanthone 

derivatives. 

 

To get 10µM concentration in the well is necessary to have 100µM 

stock solution. Because of this it was needed to dilute our 2mM 

stock solution according to following procedure (to get 1 ml of 

solution). 

c1 ˙ V1 = c2 ˙ V2   »  V1 = (c2 ˙ V2) / c1 

    V1 = (0.0001̇ 0.001) / 0.002 

     V1 = 0.00005 = 50 µl 
» 50 µl + 950 µl of methanol = 1ml of 100µM solution 
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3.2. Procedure of microplate assay 

 

Inhibitory activity of xanthones was measured using 96-well 

microplate reader according to Ellman’s method (1961).  

 

The wells in the microplate reader were divided in the following 

groups:  

 

Sample(S) – containing 20 µl of 15 mM acetylthiocholine iodide in 

water (ATCI), 100 µl of 3mM 5,5‘ dithiobis (2 nitrobenzoic acid) 

in buffer C (DTNB), 40 µl of buffer B, 20 µl of sample in 

methanol. After the addition of 20 µl of enzyme solution in buffer 

B the absorbance was measured every 53 seconds for 9 times. 

 

Sample blanks (S0)- containing 20 µl of 15 mM acetylthiocholine 

iodide in water (ATCI), 100 µl of 3mM 5,5‘ dithiobis (2 

nitrobenzoic acid) in buffer C (DTNB), 40 µl of buffer B, 20 µl of 

sample in methanol. After the addition of 20 µl of buffer B the 

absorbance was measured every 53 seconds for 9 times. 

 

Reaction blanks (BAChE)- containing 20 µl of 15 mM 

acetylthiocholine iodide in water (ATCI), 100 µl of 3mM 5,5‘ 

dithiobis (2 nitrobenzoic acid) in buffer C (DTNB), 40 µl of buffer 

B, 20 µl of methanol. After the addition of 20 µl of enzyme 

solution in buffer B the absorbance was measured every 53 

seconds for 9 times. 

 

Blanks (B0) - containing 20 µl of 15 mM acetylthiocholine iodide 

in water (ATCI), 100 µl of 3mM 5,5‘ dithiobis (2 nitrobenzoic 

acid) in buffer C (DTNB), 40 µl of buffer B, 20 µl of methanol. 

After the addition of 20 µl of buffer B the absorbance was 

measured every 53 seconds for 9 times (Rhee et al. 2001). 
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Three independent measurements were made for each 

concentration of sample tested. 

Sample blanks (S0) and reaction blanks (BAChE) are used in order to 

minimize the possible increase of absorbance due to the 

spontaneous hydrolysis of substrate and the influence of sample 

solvent, respectively. 

The disposition of samples in microplate used in the assay is 

presented in Fig 10. 

 

  B0 BAChE S0 SAChE 
A   O O O   O O O   O O O   O O O 
B   O O O   O O O   O O O   O O O 
C   O O O   O O O   O O O   O O O 
..   O O O   O O O   O O O   O O O 
..   O O O   O O O   O O O   O O O 

 

Fig. 10 Disposition of samples in microplate. A, B, C and other lines 

represent different samples of aminoxanthones. 

 

The rate of reaction was calculated from the last and the first value 

of absorbance divided by the time of measuring. This result was 

used to calculate percentage of acetylcholinesterase inhibition 

using formula bellow. 

     

( )
( ) 








×

−
−−= 100100%

0

0

BB

SS

AChE

AChE

 

  

3.3. Results 

 
Only methanol soluble aminoxanthones were tested in this assay. 

Although aminoxanthones 1-HX, X1456N, TXA1 HCl, TXA1 and 

X15N had none or very small inhibitory activity, several 

compounds have revealed promising results. Table 3 summarizes 

names, structures, molecular weights and shortcuts of these late 

compounds. 
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Table 3. 

X1 ( X1345N – Br) 

 

Mr=494.64 

 

 

 

X2 ( X1356N – Br) 

 
Mr=494.64 

 

X3 ( X145 – Br) 

 

Mr=460.19 

 
 

 

X5 ( X1456N – Br) 

 
Mr=494.64 

 

 

X6 ( X136N – Cl) 

 

Mr=415.74 

 

 

 

X7 ( X1346N – Br) 

 
Mr=494.64 

 

 

X8 ( X136N – Br) 

 
Mr=460.19 

 

 
 

X9 ( X156N – Br) 

 
Mr=460.19 

 

 

X10 ( X135N – Cl) 

 
Mr=415.74 

 

 
 

X11 ( X15N -  Br) 

 

Mr=425.75 

 

 

Table 3 Aminoxanthone derivatives which are soluble in methanol and 

simultaneously have interesting results in inhibition of AChE. 

 

Among these compounds three molecules were found to be potent 

inhibitors of acetylcholinesterase at 10µM concentration (table 4). 

At this concentration compounds X1 (X1345N-Br), X2 

(X1356N-Br) and X5 (X1456N-Br) appeared to be a good 

inhibitor. Compound X1 (X1345N-Br) had good activity, but 

during measurements some insolubilization has occurred and, 

because of that, we can see higher number of SEM (standard error 

of measurement) was obtained. Compounds X2 (X1356N-Br), 

X5 (X1456N-Br) revealed also to be good inhibitors of 

N
+

NH

Cl

O

O

Cl

Cl
–
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acetylcholinesterase. For these late compounds none of solubility 

problems were observed. The inhibitory activities of them are 

presented in Table 4. 

 

Table 4. 

XANTHONES   (10µM) % of inhibition 
X1 X1345N - Br 41.07 ±14.63 
X2 X1356N - Br 60.72 ± 1.50 
X3 X145 - Br 29.55 ± 5.39 
X5 X1456N - Br 90.46 ± 0.94 
X6 X136N - Cl 26.64 ± 5.91 
X7 X1346N - Br  -5.75 ± 9.02 
X8 X136N - Br  -13.63 ± 8.75 
X9 X156N - Br 20.80 ± 3.60 
X10 X135N - Cl 26.52 ± 2.01 
X11 X15N -  Br 27.71 ± 4.05 

 

Table 4. Inhibitory activity of xanthones. 

 

For the three more promising compounds, the assay was repeated 

using several concentrations of samples, in order to calculate the 

concentration that inhibits 50% of enzyme activity (IC50).  

Graphics are presented in appendices I and II. 

Table 5 

X1 X1345N-Br X2 X1356N-Br X5 X1456N-Br 
[µM]   [µM]   [µM]   

10 54.70 ± 5.48 10 73.42 ± 7.40 4 93.85 ± 0.13 
5 50.27 ± 3.18 5 63.82 ± 9.95 2 91.78 ± 0.21 

2.5 41.65 ± 4.18 2.5 54.84 ± 9.90 1 89.04 ± 1.15 
1.25 31.64 ± 5.44 1.25 52.83 ± 1.29 0.5 82.18 ± 1.76 

        0.25 72.38 ± 3.08 
        0.125 60.58 ± 3.28 
        0.0625 47.31 ± 5.06 
        0.03125 31.99 ± 6.45 
        0.015625 32.90 ± 3.27 
        0.0078125 8.31 ± 2.56 
        0.00390625 7.03 ± 0.53 
            

IC50 3.69 ± 0.75 IC50 3.04 ± 1.75 IC50 0.08 ± 0.01 
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Table 5 Percentage of inhibition acetylcholinesterase at long scale of 

concentrations and calculated IC50. 

 

To have an idea about efficacy of the more interesting xanthones, 

we can compare them to other compounds which are commonly 

used for treatment of Alzheimer Disease, for example 

galanthamine. This compound was also been tested by us and the 

IC50 obtained was 2.03 µM. This value was in accordance to the 

value described in the literature (Thomson 1991, Crowch & Okello 

2009). The comparison of IC50 values of the most promising 

compounds with galanthamine is shown in Table 7. 

 

Table 7 

COMPARING IC 50 [µM] 
    

positive control exp. 2.03 
positive control 2.8 – 3.2 

    
X1 3.69 ± 0.75 
X2 3.05 ± 1.75 

X5 0.08 ± 0.01 
 

Table 7 Comparison of experimental IC50 of  X1 (X1345N-Br), 

X2 (X1356N-Br) and X5 (X1456N-Br) with the IC50 of galanthamine 

(positive control). 

 

According to table 7 we can see that two of aminoxanthones 

derivatives are nearly as good as galanthamine and one of them is 

much better in inhibiting acetylcholinesterase. 
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4. Radical scavenging assay 

 

4.1. Materials and methods  

 

DPPH (1,1’-diphenyl-2-picrylhydrazyl) is stable free radical 

because of its spare electron delocalization over the whole 

molecule. The delocalization causes a deep violet colour with 

λ max around 520 nm. When a solution of DPPH is mixed with a 

substrate acting as a hydrogen atom donor, a stable nonradical form 

of DPPH is obtained with simultaneous change of the violet colour 

to pale yellow (fig. 12) (Almeida et al. 2008). 

 

DPPH˙ + AH → DPPH-H + A+ 

 

O

O
–

N
+
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Figure 12  presents radical scavenging reaction with indication based on 

measuring absorbance at 515 nm. 

 

4.1.1. Chemicals and equipment 
 

MeOH was used to dissolve DPPH, sample solutions and ascorbic 

acid. 

 

Ascorbic acid, used as positive control, was purchased from 

Sigma-Aldrich. The maximum concentration tested for this 

compound was 100 µg/ml. 
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The concentration of the DPPH solution used in the assay was 

0.03 mg/ml in the well. This solution was freshly prepared to 

prevent oxidation of DPPH. 

Sample stock solutions of 200µM concentration of each 

aminoxanthone were prepared. For this assay were chosen that 

compounds which were at least slightly effective as an inhibitor of 

acetylcholinesterase (Table 8), to find out if these molecules have 

dual activity (inhibitory activity of acetylcholinesterase and radical 

scavenging activity). 

 

Table 8 

XANTHONES   (100µM) 
X1 X1345N – Br 
X2 X1356N – Br 
X3 X145 – Br 
X5 X1456N – Br 
X6 X136N – Cl 
X7 X1346N – Br 
X8 X136N – Br 
X9 X156N – Br 
X10 X135N – Cl 
X11 X15N -  Br 

 

Table 8 Group of aminoxanthones. 

 

96-well microplates were used for absorbance measurements. The trials 

were performed on BioTech microplate reader.  

 

4.1.2. Calculations 
 

4.1.2.1. DPPH (1,1’-diphenyl-2-picrylhydrazyl):  

 
It was required to get 0.03mg/ml final concentration in the well. Because 

of dilution during the microplate preparation it was needed to make a 

double concentrated stock solution (0.06mg/ml).  
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For the assay was needed 20 ml of DPPH solution. 

» 20 · 0.06 = 1.2 mg 

» 1.2 mg was dissolved in 20 ml of methanol 

 

4.1.2.2. Positive control:  

 
Ascorbic acid was needed at 100µg/ml concentration and was arranged 

for the trial at 200µg/ml concentration to ensure right diluted control 

solution (through double dilution in the well by making up the assay). 

 

 It was necessary to prepare at least 10 ml of solution because of 

weighing limit of the balance.  

» 10 · 0.2 = 2.0 mg 

» 2.0 mg was dissolved in 10 ml of methanol 

 

4.1.2.3. Xanthones: 

 
2mM stock solutions of aminoxanthone derivatives were diluted with 

100% methanol to get solutions of 200µM concentration. This 

concentration was needed to be prepared because samples after pipetting 

were diluted to the half-concentration by microplate preparation. It was 

reached 100µM final concentration in the well.  

Total volume 1 ml of sample solution was sufficient for the trial. 

 

c1 ˙ V1 = c2 ˙ V2   »  V1 = (c2 ˙ V2) / c1 

    V1 = (0.0002̇ 0.001) / 0.002 

     V1 = 0.0001 = 100 µl 
» 100 µl + 900 µl of methanol = 1 ml of 200µM solution 
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4.2. Procedure 

 

The microplate was split into the zones (table 9). 

 

a) Dilution of samples of compounds. 

 

200 µl of the methanol solution of the tested compound (100µM final 

concentration in the well) or positive control (also 100µM final 

concentration) was added into line A.  100 µl of compound’s solvent 

(methanol) were added to every other well in lines B-G. Than 100 µl of 

each well of line A were transferred to the respective line B and this 

technique was repeated until line G. By this operation compounds were 

gradually diluted to the half in every following line. 

 

b) After the dilution of compounds, DPPH solution or MeOH was 

added according to the procedure described below. 

 

Wells A3-G3; A6-G6; A9-G9 and A12-G12 corresponding to “sample 

blanks” which were required in this assay to minimize influence of 

compound’s absorbance at 515 nm. In these wells 100 µl of methanol 

were added instead of DPPH solution. 

 

Wells A1-G1, A2-G2, A4-G4, A5-G5, A7-G7, A8-G8, A10-G10, and 

A11-G11 correspond to “samples”.  In these wells 100 µl of DPPH 

solution were added.  

 

Wells H1-H4 corresponding to “reaction blanks”. In these wells 200 µl 

of MeOH were added.  

 

Wells H5-H8 corresponding to “controls”. In these wells 100 µl of 

DPPH solution and 100 µl of MeOH were added.  
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Reaction blanks were used in this assay to minimize methanol 

absorbance at 515 nm and control obtained the absorbance maximum at 

above mentioned wavelength. 

After the addition of DPPH the solution was homogenized in every line. 

The microplate was maintained in darkness for 30 minutes.  

Single readings were performed at BioTech reader at 515 nm. 

 

Table 9 

  compound 1 compound 2 compound 3 positive control 

A                         

B                         

C                         

D                         

E                         

F                         

G                         

H                 without effect 

             
             

  Sample blanks       

  Samples       

  Reaction blanks       

  Control       
 

Table 9 A lay-out of microplate. 

 

Sample blanks:  100 µl of tested compound and 100 µl of methanol solution 

Samples:  100 µl of tested compound and 100 µl of DPPH 

Reaction blanks: 200 µl of methanol 

Controls:  100 µl of methanol and 100 µl of DPPH 

 

 

The results from microplate reader were worked up using formula below 

(fig.13). Following this procedure the percentages of scavenging activity 

were calculated. 
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Fig. 13 presents formula to calculate percentage (%) of proportion radical 

scavenging activity. 

 

 

4.3. Results 

 

It was planned to triplicate measurements, to have confirmed results. The 

results were calculated and it showed up, that third measurement wasn’t 

needed to be done because even 100µM  solutions of xanthones were not 

enough effective as radical scavengers. The results are presented in 

Table 10. 

 

Table 10 

100µM Xanthones %  

X1 X1345N - Br 24.68 ± 0.36 

X2 X1356N - Br 7.11 ± 3.68 

X3 X145 - Br 18.14 ± 0.69 

X5 X1456N - Br 11.83 ± 7.39 

X6 X136N - Cl 15.09 ± 1.91 

X7 X1346N - Br 20.85 ± 6.24 

X8 X136N - Br 12.46 ± 0.88 

X9 X156N - Br 16.84 ± 3.39 

X10 X135N - Cl 8.23 ± 3.47 

X11 X15N -  Br 9.56 ± 8.22 
 

Table 10 Percentage of activity obtained by aminoxanthone derivatives.  
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5. Iron chelating assay 

 

Another assay which was possible to try with aminoxanthones 

derivatives was iron chelating activity assay. This activity could ensure 

protection for the neurons in early development stadium of Alzheimer 

Disease and postpone progression. Thank to this could patient’s life 

quality stay at the same level. 

Iron chelating activity assay is based on reaction when iron (II) reacts 

with ferrozine and giving a purple colour complex. In the presence of 

iron (II) chelating agents the complex formation with ferrozine is 

disrupted with a decrease of the purple colour complex. The deepness of 

colour (disruption of complex) can be spectrophotometricaly measured 

(Dinis et al. 1994; Mathew & Abraham 2006; Suganthy et al. 2010). 

 

5.1. Materials and methods  

 

5.1.1. Chemicals and equipment 

 
Ferrous chlorine 

»50µM water solution of FeCl2 · 4H2O (purchased form Sigma) 

»solution was needed to be prepared freshly to avoid oxidation 

 

Ferrozine 

»100µM water solution of Ferrozine (sodium salt of 3-(2-pyridyl)-5,6-

diphenyl-1,2,4-triazine-4',4''-disulphonate) (purchased from Sigma) 

(Fig. 14). 

 

 

Fig. 14 Molecule of sodium 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-4',4''-

disulphonate (ferrozine). 



Diploma project 2011 

Barbora Suchánková 38 

 

EDTA 

»80, 60, 40, 20, 10 and 5 µM water solution of EDTA (ethylendiamin 

tetra acetic acid) (Fig. 15). 

 

 

Fig. 15 EDTA 

 

Aminoxanthone derivatives 

For this assay were chosen that compounds which were at least 

slightly effective as an inhibitor of acetylcholinesterase (table 11), 

to find out if these molecules have another activity (iron chelating 

activity). Aminoxanthones were tested at 100µM concentration. 

 

Table 11 

XANTHONES   (100µM) 
X1 X1345N – Br 
X2 X1356N – Br 
X3 X145 – Br 
X5 X1456N – Br 
X6 X136N – Cl 
X7 X1346N – Br 
X8 X136N – Br 
X9 X156N – Br 
X10 X135N – Cl 
X11 X15N -  Br 

 

Table 11 Aminoxanthones which were undertaken for iron chelating 

activity. 
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Microplate reader and microplates 

Absorbance of samples and positive control was measured by using 

microplate reader BioTech. Deepness of purple complex was scanned at 

562 nm. For this trials were used simple microplates, which are from 

clear polypropylene and can be used in visible wavelength spectrum. 

 

5.1.2. Calculations 

 
5.1.2.1. Ferrous chlorine 

»50µM water solution of FeCl2 · 4H2O, because of dilution during 

the preparation it was needed to prepare higher concentration (10 µl 

into 200 µl » 1:20). Ferrous solution was prepared at 1mM 

concentration. 

Mr = 198.81 

V = 10 ml 

m = c ̇ M ˙ V 

m = 0.001·198.81·0.01=0.0020 g 

 

5.1.2.2. Ferrozine 

»100µM water solution of Ferrozine (sodium salt of 3-(2-pyridyl)-

5,6-diphenyl-1,2,4-triazine-4',4''-disulphonate) (fig.14). Because of 

dilution during the preparation it was needed to prepare higher 

concentration (20 µl into 200 µl » 1:10). Ferrozine solution was 

prepared at 1mM concentration. 

Mr = 492.47 

V = 10 ml 

m = c ̇ M ˙ V 

m = 0.001·492.47·0.01=0.0049 g 

 

 

5.1.2.3. EDTA, positive control 

»80, 60, 40, 20, 10 and 5µM water solution of EDTA 

(ethylendiamin tetra acetic acid) (fig. 15). Because of dilution 

during the preparation it was needed to prepare higher 
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concentrations (50 µl into 200 µl » 1:4). EDTA stock solution was 

prepared at 0.4mM concentration, which would be 100µM in the 

well. This concentration was chosen for stock solution so we can 

easily prepare further diluted solutions for the assay (table 12). 

 

Mr = 372.2 

V = 20 ml 

m = c ˙ M ˙ V 

m = 0.0004·372.2·0.02=0.0030 g 

 

Table 12 

µM ml of stock sol. ml of H2O 

80   320 80 

60   240 160 

40   160 240 

20   120 280 

10   80 320 

5   40 360 
 

Table 12 provides instructions 

 

5.1.2.4. Aminoxanthone derivatives 

 
2mM stock solutions of aminoxanthone derivatives were diluted with 

100% methanol to get solutions of 400µM concentration. This 

concentration was needed to be prepared because during microplate 

preparation were solutions diluted to the quarter-rate concentration. . It 

was reached 100µM final concentration in the well.  

Total volume 1 ml of sample solution was sufficient for the trial. 

 

c1 ˙ V1 = c2 ˙ V2   »  V1 = (c2 ˙ V2) / c1 

 V1 = (0.0004̇ 0.001) / 0.002 

 V1 = 0.0002 = 200 µl 

»  200 µl + 800 µl of methanol = 1 ml of 400µM solution 
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5.2. Procedure of chelating assay 

 
The procedure followed in chelating activity assay is presented in 

Table 13. 

 

Table 13 

  C C0 S S0 

Fe (II) 10 10 10 10 

Ferrozine 20 - 20 20 

H2O (ferrozine solvent) - 20 - - 

Compound's solvent 50 50 - - 

Compound - - 50 50 

Methanol 120 120 120 120 
 

Table 13 Procedure adopted for iron chelating activity assay. 

 

The microplate was divided into four groups of wells: “controls”, 

“reaction blank”, “samples” and “sample blanks”. Trial was begun with 

pipetting 50 µl of compound (“samples”) or compound’s solvent 

(“sample blanks”) in appropriate wells. After that 10 µl of ferrous 

chloride was added to all wells. Then 20 µl of water (“sample blanks” 

and “blanks”) and 20 µl of ferrozine solution (“control” and “sample”) 

were added to initiate the reaction. Finally wells were filled with 120 µl 

of methanol. 

After shaking vigorously and homogenizing the microplate was left 

standing at the laboratory desk for 10 minutes at room temperature.  

Absorbance was measured at 562 nm.  

 

All tests and analyses were done in triplicate and average values were 

taken. The percentage of iron chelating activity was calculated using the 

formula below. 

 

( ) ( )[ ] ( )000100% CCSSCC −÷−−−×=  
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5.3. Results 

 

Ferrozine can quantitatively form complexes with Fe (II). The complex 

formation can be disrupted by the presence of other complexion agents 

which cause a decrease in the purple colour intensity of complexes. The 

smaller EC50 value, the higher metal chelating activity.  

Table 14 lists EC50 (50% effective concentration) value of EDTA 

obtained from measurement of metal chelating activity and from related 

articles about similar assays (Ebrahimzadeh et al. 2008, Rohman et al. 

2010).  

 

Table 14 

EDTA EC50 [µM] 

Described at [refs] 36 - 46 

experimental 38.76 ± 0.87 
 

Table 14 Chelation values of positive control (EDTA). 

 
Firstly EDTA was tested to validate the used method. It was found out 

that results didn’t differ from the already described in literature (Dinis et 

al. 1994). So this method was used for determination of iron chelating 

activity of aminoxanthone derivatives. Among the compounds tested, 

X5, X9 and X 10 showed promising results (table 15). One of the 

promising compounds was X5(X1456N-Br), which had also good results 

in acetylcholinesterase inhibitory assay. The other two molecules, X9 

(X156N-Br) and X10 (X135N-Cl), had only iron chelating activity. 
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Table 15 

 

Xanthones [100 µM] % of chelation 

X1 X1345N - Br 4.78 ± 3.20 

X2 X1356N - Br 4.44 ± 1.10 

X3 X145 - Br 3.41 ± 1.48 

X5 X1456N - Br 99.62 ± 0.24 

X6 X136N - Cl 0.26 ± 1.95 

X7 X1346N - Br 1.34 ± 1.90 

X8 X136N - Br 2.33 ± 1.63 

X9 X156N - Br 74.69 ± 4.51 

X10 X135N - Cl 97.75 ± 1.10 

X11 X15N -  Br 1.73 ± 1.98 
 
Table 15 Average values of percentage of chelating activity with SEM. 

 

Because three compounds had very good results in this assay, it was 

decided to repeat the assay with a range of concentrations to determine 

the EC50. This could not be done for compound X9 (X156N-Br) because 

there wasn’t enough quantity of compound. The EC50 values are shown 

in table 16 and graphics are presented in appendix III. 

 

Table 16 

% of chelation  % of chelation 
X5 [µM]  X10 [µM] 
50 73.92 ±  0.79  50 42.62 ±12.84 
45 56.62 ±  1.66  45 21.02 ±  8.59 
40 57.22 ±11.77  40 15.37 ±  7.54 
35 34.59 ±  2.28  35   9.41 ±  6.03 
         

EC50 42.34 ±  0.42  EC50 51.14 ±  2.28 
 

Table 16 Percentage of chelating activity at different concentrations and calculated 

EC50 value of X5 (X1456N-Br) and X10 (X135N- Cl). 

 

 



Diploma project 2011 

Barbora Suchánková 44 

As we can see from the table above with EC50 value the iron chelating 

activity of X5 (X1456N- Br) and X10 (X135N-Cl) is little bit lower in 

comparison with EDTA activity (table 14). But even that compounds X5 

and X10 display quite good results and could be used as an iron chelation 

agent.  
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6. Discussion 

 

Among the set of 38 compounds investigated, only five were active as 

acetylcholinesterase inhibitors, three had some chelating activity and 

none of them had significant inhibitory results in radical scavenging 

assay. Table 17 summarizes the results obtained for the most promising 

compounds. 

For AChE inhibition assay X1, X2 and X5 revealed to very effectives.  

Comparing the AChE inhibitory activity with scavenging and iron 

chelating activity, only one aminoxanthone derivative (X5) showed dual 

(AChE/antioxidant) activity. 

 

Table 17 

  Inhib. assay Scav. assay Chelat. assay 

  10 µM IC50 / [µM] 100 µM 100 µM EC50 / [µM] 

X1 41.07 ±14.63 3.69 ± 0.75 24.68 ± 0.36 4.78 ± 3.20  - 

X2 60.72 ± 1.50 3.04 ± 1.75 7.11 ± 3.68 4.44 ± 1.10  - 

X5 90.46 ± 0.94 0.08 ± 0.01 11.83 ± 7.39 99.62 ± 0.24 42.34 ±  0.42 

X9 20.80 ± 3.60  - 16.84 ± 3.39 74.69 ± 4.51 not enough  

X10 26.52 ± 2.01  - 8.23 ± 3.47 97.75 ± 1.10 51.14 ±  2.28 

Gal.  - 2.8 - 3.2  -  -  - 

EDTA  -  -  -  - 38.76 ± 0.87 
 

Table 17 Results obtained from three assays comparing aminoxanthone 

derivatives in singular trials (X1 X1345N-Br, X2 X1356N-Br, X5 1456N-Br, 

X9 X156N-Br and X10 X134N-Cl). 

 

As we can see there is one promising molecule X5 (1456N-Br) which 

has dual activity. Not only in one way it acts like inhibitor of 

acetylcholinesterase but this compound also has metal chelating activity. 

This could mean that we can hypothetically use this molecule as bi-target 

ligand in Alzheimer Disease therapy.  

 
It would be better to prevent progression of AD in more ways as far as 

we know from the etiopathology of this disease. Current therapy is more 
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or less focused on symptoms therapy and uses MMT (multi-medication) 

strategy. For the convenience of patients suffering AD could be 

improvement to target more ways of this multi-factorial disease at once. 

In this approach can help dual activity of our promising molecule 

X5 (1456N-Br) (Fig. 16) which can affect two pathological ways at once. 

The only disadvantage of this compound is low radical scavenging 

activity. It means that it will be needed to administer one more molecule 

in treatment, to prevent antioxidant changes in ageing brain, 

simultaneously. Whether it would be acceptable solution depends 

individually on every patient and his other therapy.  

 

 
 
Fig. 16 X5 (1456N-Br) 

 
 
Multi-medication therapy has already proven the success in the treatment 

of similarly complex diseases (Cavalli et al. 2008) and the question is if 

we can additionally modify the molecular structure of an active 

compound in such quality to include all ways of etiopathological 

changes. This multi-target treatment could be the huge improvement in 

AD therapy. 

Apart from dual activity of our promising compound there is another 

positive result. It was found out that X5 (1456N-Br) inhibits 

acetylcholinesterase much more than commonly used galanthamine and 

at the same time has more or less equal chelating activity as EDTA. This 

could mean similar results in therapy with lower dosage of compound. 
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7. Appendix I 

X1 (X1345N-Br) and X2 (X1356N-Br) plots with equations illustrates 

inhibition activity of acetylcholinesterase.  
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X2_1st y = 25,341Ln(x) - 0,4593
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8. Appendix II 

 
X5 (X1456N-Br) plots with equations illustrates inhibition activity of 

acetylcholinesterase.  
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9. Appendix III 

 
X5 (X1456N-Br) and X10 (X134N-Cl) plots with equations illustrates 

chelation activity.  
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X10_1st
y = 1,9319e0,0712x
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