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ABSTRACT 

 
Thermal and biological studies of three heterometallic Mn-Ln polynuclear complexes (1-3) having 

general formula [MnIII2Ln3(nbdeaH)3(nbdea)2(piv)8]·MeCN, where bdeaH2 = N-butyldiethanolamine, piv = 
pivalate, Ln = Dy (1), Er (2) and Y (3) were done. The antioxidant activity of different hetero- metallic 
compounds was evaluated by 1,1-Diphenyl-2-picrylhydrazyl (DPPH) and enzyme inhibition studies were tested 
on  acetylcholinestrase (AChE), butylcholinestrase (BChE), lipoxygenases (LOX) and tyrosinase. All complexes 
have shown low antioxidant activity while these complexes were showed significant activity against AChE and 
BChE. Moreover, complexes (1-3) showed low activities against the LOX and the tyrosinase.  Thermal stability 
of these complexes was also studied and the thermal decomposition of compounds was interpreted in term of 
its structure and the end product was found to be metal oxide. 
Keywords: Heterometallic Mn-Ln complexes, Acetylcholinestrase (AChE), DPPH and enzyme inhibition studies, 
Thermogravimetric studies. 
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INTRODUCTION 
 

In recent years interest in heterometallic complexes containing two different metal ions is 
fundamental not only for gaining insight in the structural but also have potential applications in molecular 
magnetism, catalysis, and biological systems etc [1,2,4]. The various metal ions are present in active sites of a 
number of metalloproteins and also in metalloenzymes like in tyrosinase  and ureases [5] and these enzymes 
are involved in different biological processes. The biological activities of metal complexes differ from those of 
the metal ions or either ligands or biological activities may differ for various transition metal complexes [6]. 
Antioxidants are the compounds which terminate the attack of reactive species like free radicals and prevent it 
from different disease linked with oxidative damages inside the body [7].  

 
The antioxidant activity of a synthetic compound can be measured by scavenging potential of that 

compound for the trapping of free radicals and these free radicals can oxidize biomolecules through nucleic 
acids, lipid, DNA, proteins, tissue damage and can initiate degenerative diseases. In addition,  oxidative 
damage plays an important pathological role in various human diseases like arthritis,  emphysema, cirrhosis 
atherosclerosis and cancer etc [8].  

 
Almost all organisms are protected to some extent by free radical damaging enzymes like super-oxide 

dismutase or compounds just as ascorbic acid, phenolic acids, polyphenols, glutathione and flavonoids [9]. 
However, dietary antioxidants or antioxidant supplements may be sources of protection that the body needs 
to protect against the damaging effects of free radicals. [10] In Alzheimer’s disease, the cholinergic system 
seemed susceptible to synapse loss [11].  

 
Inhibition of acetylcholinesterase (AChE) has possible therapeutic applications in the treatment 

various diseases such as Parkinson’s disease, myasthenia gravis and aging and mediated for the treatment of 
Alzheimer’s disease. [12-14] In addition, butyrylcholinesterase (BChE) has been considered to be directly linked 
with the existing drugs for Alzheimer disease and the side effects of the acetylcholinesterase (AChE) inhibitors. 
Recently, studies indicated that AD plaques have higher quantities of BChE as compared in the plaques of age 
related non demented brains. Moreover, the further relevant studies showed AChE inhibitors are not linked 
with their poor selectivity toward AChE [15]. To overcome AD, AChE and BChE inhibitors were developed for 
the treatment and to restrain cholinergic function [16]. 

 
Tyrosinase is a multifunctional enzyme which contains copper and is found in animals and plants.  

Moreover, it is a critical enzyme that catalyzes both the ortho-hydroxylation of l-tyrosine and the subsequent 
conversion of 3,4-dihydroxyphenylalanine to DOPA-quinone in the beginning stage of melanogenesis. [17].  
Tyrosinase is associated to pigmentation disorders in mammals and catalyzes the pigmentation of skin [18] and 
in vegetables this enzyme also causes a browning effect [19]. Moreover, the tyrosinase distributed in insects 
take part in host defense, wound healing, and the sclerotization process of insects [20].  

 
Tyrosinase inhibitors have various potential applications such as in clinical medicine, food 

preservation technology and as bio-insecticides in agriculture [21,22]. The tyrosinase inhibitors studies have a 
much interest and many efforts have been done on the screening of efficient and safe tyrosinase inhibitors 
from synthetic materials and natural. Until now, various new tyrosinase inhibitors have been reported, but 
most of them have shown poor to moderate activity [23]. The different copper chelators act as tyrosinase 
inhibitors which have been reported and among the copper chelators, aromatic acids containing carboxylic 
groups shows strong inhibitory agents for tyrosinase due to the strong metal chelating ability with metal ions. 
Furthermore, research studies have been shown that some aromatic acids like benzoic acid, toluic acid, and 
Benzene-1,4-dicarboxylic acid, have been verified to be tyrosinase inhibitors  [24]. 

 
LOXs are enzymes catalyze the formation of hydroperoxy derivates through oxygenation of 

polyunsaturated fatty acids. The multiple isoforms of LOXs are founds in plants which have various spatial and 
temporal distribution in plant development. The LOX studies were also linked with high temperature-induced 
damages both in root tissues and leaf [25]. Previously studies indicated that the elevated LOX activity 
enhanced lipid peroxidation and membrane damage in the presence of excess heavy metals in plant tissues. 
Further studies shows that enhanced lipid peroxidation through exposure of plants to heavy metals may be 
due to increase LOX activity which is involved in the initiation of oxylipin pathways. In Arabidopsis and 
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Phaseolus plants, after copper or cadmium treatment, jasmonic acid level increase and it might be due to the 
metal induced activation of LOX pathway [26-28].  

 
Many researches has been done for synthesis of complexes based on 3d metal ions and their 

biological studies [29-30] but with respect to lanthanides compounds and its biological evaluation has been 
less studied [31]. Surprisingly bioinorganic chemistry Mn-Ln aggregates totally ignored with respect to 
biological studies.  

 
In our previous work we have been published heterometallic compounds; 

[MnIII2Ln3(nbdeaH)3(nbdea)2(piv)8]•MeCN, where bdeaH2 = N-butyldiethanolamine, piv = pivalate, Ln = Dy 
(1), Er (2) and Y (3) [32] constructed by mixed ligands such a n-butyldiethanolamine and pivalic acid and their 
magnetic studies. Herein we are extending this research and now presenting biological studies such 
antioxidant, enzyme inhibition assay and thermal studies of Mn-Ln aggregates. To the best of our knowledge, 
no literature is currently available for mentioned biological evaluation of Mn-Ln aggregates. 

 
EXPERIMENTAL 

 
Materials 
 

Manganese acetate, Hydrated Dysprosium nitrate, Hydrated Yttrium nitrate, Hydrated Erbium nitrate, 
Acetonitrile, N-butyldiethanolamine, Pivalic acid, Quercetin, Phosphate buffer (KH2PO4), 5´-Dithiobis-(2-
Nitrobenzoic Acid), Kojic acid, Eserine, Baicalein. Complexes (1-3) were synthesized by reported procedure 
[32].  
 
Synthesis of complex [Mn

III
2Dy3(

n
bdeaH)3(

n
bdea)2(piv)8]·MeCN (1) 

 
A solution of bdeaH2 (0.64 g, 4.0 mmol) in 10 mL of MeCN and Dy(NO3)3·6H2O (0.22 g, 0.5 mmol) was 

added to a stirred solution of Mn(OAc)2·4H2O (0.12 g, 0.5 mmol) and pivalic acid (0.20 g, 2.0 mmol) in 10 mL of 
MeCN to give a dark-brown solution. After 48 h, brown crystals were collected by filtration and washed with 
acetonitrile. 
 
Synthesis of complex [Mn

III
2Er3(

n
bdeaH)3(

n
bdea)2(piv)8]·MeCN (2) 

 
Compound (2) is prepared with the same procedure as for compound (1) but Er(NO3)3·6H2O is used 

instead of Dy(NO3)3 ·6H2O. 
 
Synthesis of complex [Mn

III
2Y3(

n
bdeaH)3(

n
bdea)2(piv)8]·MeCN (3) 

 
Compound (3) is prepared with the same procedure as for compound (1) but Y(NO3)3·6H2O is used 

instead of Dy(NO3)3·6H2O. 
 
Antioxidant activity by DPPH Assay 
 

This method was carried out according to Noor et al. [33].  Ten µL of test solution was added in 96-
wells plate followed by the addition of 90 µL of 100 µM methanolic DPPH solution in a total volume of 100 µL. 
The contents were mixed and incubated at 37

o
C for 30 minutes. The reduction in the absorbance was 

measured at 517nm using Synergy HT BioTek® USA microplate reader. Quercetin was used as standard 
antioxidant. All experiments were carried out in triplicates.  For the determination of IC50 values, test solutions 
were assayed at various dilutions i.e. 0.5, 0.25, 0.125, 0.0625, 0.0313, 0.015 mM. Data obtained was computed 
on Ez-fit software. The decrease in absorbance indicates increased radical scavenging activity which was 
determined by the following formula. 

 
Inhibition (%) =  ( Abs. of control – Abs.of test solution) 

Abs. of control 
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Acetylcholinestrase (AChE) and Butylcholinestrase (BChe) Assays 
 

The AChE& BChE inhibition activities were performed according to Ellman et al. [34] with slight 
modifications. In both assays total volume of the reaction mixture 100 µL contained 60 µL KH2 PO4 buffer (100 
mM, pH 7.7). Ten µl test compound (0.5 mM per well) was added, followed by the addition of 10 µL enzyme. The 
contents were mixed, pre-incubated for 10 mins at 37ºC and preread at 405 nm.  Then contents were pre-
incubated for 10 mins at 37ºC. The reaction was initiated by the addition of 10µL of 0.5 mM per well substrate, 
followed by the addition of 10 µLDTNB (0.5mM per well). After 15 mins, absorbance was measured at 405 nm. 
All experiments were carried out with their respective controls in triplicate.  For the determination of IC50 values, 
test solutions were assayed at various dilutions i.e. 0.5, 0.25, 0.125, 0.0625, 0.0313, 0.015 mM. Data obtained 
was computed on Ez-fit software. The decrease in absorbance indicates increased radical scavenging activity 
which was determined by the following formula. 

 
Inhibition (%) = (Abs. of control – Abs. of test solution) 

Abs. of control 
 
Where, 
   
Absorbance of Control = Total enzyme activity without inhibitor 
Absorbance of Test = Activity in the presence of test compound 

 
Lipoxygenase (LOX) Assay 
 

LOX activity was assayed according to the method described by Tappel [35] with slight modifications. 
A total volume of200 µlcontained 140 µl KH2PO4 buffer (100 mM, pH 8.0), 20 µl test compound and 15 µl purified 
LOX enzyme (600 units per well). The contents were mixed and pre-read at 234 nm and pre-incubated for 10 
minutes at 25°C. The reaction was initiated by the addition of 25 µl substrate solution. The change in absorbance 
was observed after 6-10 min at 234 nm. Baicalein (0.5 mM per well) was used as a positive control.  For the 
determination of IC50 values, test solutions were assayed at various dilutions i.e. 0.5, 0.25, 0.125, 0.0625, 0.0313, 
0.015 mM. Data obtained was computed on Ez-fit software. The decrease in absorbance indicates increased 
radical scavenging activity which was determined by the following formula. 

 
Inhibition (%) = (Abs. of control – Abs. of test solution)   × 100 

Abs. of control 
 
Anti-tyrosinase Assay 
 

Anti-tyrosinase activity was assayed according to Lee [36] with slight modifications. Total volume of 
reaction mixture contained 100 μl,60 μl 100 mM phosphate buffer, pH 6.8, 10 μl mushroom tyrosinase enzyme 
(5 units) and 10 μl 0.5 mM test compound mixed in 96-well plate. Contents were preincubated for 5 minute at 
37

o
Ċ. After incubation, 20 μl of 10mM L-dopamine was added as a substrate. Contents were mixed and 

incubated for further 30 min. Absorbance was taken at 490 nm using Synergy HT BioTek 96-well plate reader. 
The enzyme inhibition (%) was calculated by the bellow formula:   

 
Inhibition (%) = (Abs. of control – Abs.of test solution)   × 100 

Abs. of control 
 
Thermogravimetric analysis (TGA) 
 
 A Thermogravimetric (TG) analysis was conducted with METTLER TGA 851e under flowing N2 stream 
(flow rate 40 mL/min) from room temperature to 800°C at a heating rate of 10 K/min. 
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RESULTS AND DISCUSSION 
 
Radical scavenging activity using DPPH 
 

Free radical scavenging is one of the best known mechanisms by which antioxidants inhibit lipid 
oxidation. DPPH radical scavenging activity evaluation is a standard assay in antioxidant activity studies and 
offers a rapid technique for screening the radical scavenging activity of specific compounds or extracts 
[29].Antioxidant activity of complexes (1-3) as well as reference compounds is summarized in Table 1. From 
the results, it is clear that the free radical scavenging activities of Mn-Ln complexes revealed that these 
complexes exhibit lower activity than those of quercetin (0.5mM). DPPH is a stable free radical that can accept 
an electron or hydrogen radical from ligand and thus be converted into a stable, diamagnetic molecule. DPPH 
has an odd electron and so has a strong absorption band at 517 nm thus Mn-Ln complex was found to have 
slight antioxidant activity as shown in Table 1, indicating their abilities to act as radical scavengers. 
 

Table 1: Antioxidant and Enzyme inhibition and their IC50 activities of the synthetic heterometallic compounds 
 

Biological assay Compounds Standards 

DPPH assay  Activity (%) IC50 
(μmoles/L) 

Activity (%) IC50 (μmoles/L) 

1 22.08±0.14 - 93.21±0.97 16.96±0.14 

2 28.19±0.61    

3 35.17±0.42    

AChE 1 95.58±0.85 52.81±0.14 91.29±1.17 0.04±0.001 

2 96.17±0.42 51.21±0.31   

3 90.12±0.34 63.21±0.04   

BChE 1 73.19±0.69 101.21±0.11 82.82±1.09 0.85±0.001 

2 69.45±0.73 125.51±0.04   

3 81.47±0.54 66.61±0.11   

LOX 1 33.01±0.96  93.79±1.27 22.4±1.3 

2 26.84±0.14    

3 33.86±0.55    

Anti-tyrosinase 1 31.13±0.56  93.50±0.91 6.04±0.11 

2 34.60±0.98 Nill   

3 27.88±0.84 Nill   

Standards used in the current study along with their concentration:  Quercetin (0.5mM) for DPPH, Eserine (0.5mM) for AChE 
and BChE, Baicalein (0.5mM) for LOX and kojic acid (0.5mM) forAnti-tyrosinase. 

 
Acetylcholinestrase (AChE) and Butylcholinestrase (BChe) Assay 
 

The Mn-Ln complexes were studied for AChE and BChE inhibition activities from table 2 it was shown 
that all these complexes are active inhibitor AChE and BChE. They can be used for designing drugs, which 
control dementia more specifically and consequently more successfully.It has been shown that the amyloid 
protein precursor (APP) have specific selective metal binding sites which mediate its physicochemical behavior 
and if occupied, may cause inhibition of AChE and BChE. BChE inhibitors have been used to delay symptoms of 
AD patients by virtue of their ability to enhance acetylcholine availability. Thus, new metal based inhibitors for 
AChE and BChE are among the most sought after targets for therapeutic use in AD treatment [37-38]. 

 
Here, we have shown that these heterometallic complexes might be reasonable alternative drugs, 

which have been used for the inhibition of acetylcholinesterase butyrylcholinesterase in order to treat 
Alzheimer’s disease and for related illnesses. Measurement of scavenging assay showed that all these hetero 
metallic complexes i-e Mn

III
2Dy3(1),Mn

III
2Er3 (2),Mn

III
2Y3 (3) have inhibitory activity. It is concluded that the 

Mn
III

2Y3 (3) has more AChE activity with IC50 value 63.21±0.04 μmoles/L and complex (2) [Mn
III

2Er3] has more 
BChE activity with IC50 value 125.51±0.04μmoles/L. 

 
Lipoxygenase (LOX) Assay 
 

LOX is an enzyme that catalyzes the oxidation of arachidonic acid to leukotrienes, in an essential 
mechanism for cell life. Prostaglandins, the final products formed from the metabolism of arachidonic acid, 
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contribute to tumorigenesis as angiogenic factors. Studies have shown that LOX inhibitors induce the release 
of cytochrome c from mitochondria into the cytosol, causing apoptosis through the mitochondrial pathway 
both in vivo and in vitro.  

 
LOX assay of complexes as well as reference compounds is summarized in Table 2.The complexes 

were studied for LOX for a possible therapeutic activity for diseases such as bronchial asthma, inflammation 
and tumour angiogenesis. Result for LOX scavenging assay shows that all these complexes (1-3) have very 
small inhibitory activity as compared to the standard compound Baicalein (inhibitor of LOX).More importantly, 
the inhibitory activity of these complexes is closely related to their spatial arrangements, which determine 
their interaction with LOX. These complexes tend to bind competitively to LOX at the substrate binding site. 
The bulky metal complexes inhibit the enzyme activity. 
 

Table 2: Thermal Stability of the synthetic heterometallic compounds using thermogravimetric analyses (TGA) 

 
Anti-tyrosinase Assay 
 

Depigmentation agents act at various levels of melanin production in the skin. Many of them are 
known as competitive inhibitors of tyrosinase, which is the key enzyme in melanogenesis. This enzyme is a 
copper-containing enzyme that catalyzes the production of melanin from tyrosine by oxidation reaction. 
Hence, the compounds that inhibit tyrosinase activity leading to skin lightening have been the subject of much 
research. 

 
Anti-tyrosinase activity of complexes as well as reference compounds is summarized in Table 2. The 

complexes (1-3) are studied for anti-tyrosinase activities for a possible therapeutic activity for various diseases. 
It has been shown that the tyrosinase possesses specific selective active binding sites; if these active sites are 
occupied by metal chelaters then it may stop the activity of tyrosinase enzyme. The studies of tyrosinase 
scavenging assay shows that all these complexeshave low inhibitory activity as compared to the kojic acid 
(which is a tyrosinase inhibitor) which shows that these Mn-Ln heterometallic complexes have slight ability to 
inhibit tyrosinase or have slight anti-tyrosinase activity.  

 
The formation of peptide or protein aggregates is a common feature of many different forms of 

neurodegenerative disorders including Alzheimer’s disease, Parkinson’s disease and prion diseases. It is also 
widely accepted that various metal ions can play a significant role in the conformational changes of these 
peptides/proteins. 

 
The antioxidant, LOX and anti-tyrosinase activities of the complexes were significantly low, so in the 

current study their IC50 were very high and cannot provide significant impact in the data. So there values are 
not presented in the table1. 

 
 
 
 

Compounds TG range (°C) 
 

Mass loss % Total 
mass 
loss 

Assignment Final solid 
residue 

(1) 
 

59.11-176.38 16.05(15.82) 86.47% MeCN, 
bdeaH2 

Dy2O3 

176.39-280.85 65.57(64.45) Pivalic acid 

280.86-549.26 4.85(6.94) Mn 

(2) 140.13-288.31 1.725(1.8)  
74.57% 

MeCN Er2O3 

288.32-435.42 4.622(4.95) Mn 

435.43-573.85 68.22(75.06) Pivalic acid, 
bdeaH2 

(3) 131.57-275.44 17.78(17.95)  
 

86.90% 

MeCN Y2O3 

275.45-435.29 45.34(44.02) Mn, 
Pivalic acid 

435.30-573.85 23.81(28.64) bdeaH2 
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Thermal study of (1-3) complexes 
 

Thermal stability of 1-3 complexes was examined by the thermogravimetric analyses (TGA) under 
nitrogen atmosphere at the temperature range of zero to 800°C. Thermograms of compounds (Figures 1-3) 
show three stages of weight loss due to the elimination of various components at different temperatures is 
shown in following table. First weight loss of complex 1 is 16.05% (cal:15.82%) at the temperature 59.11°C-
176.38°C due to elimination of MeCN and N-butyldiethanolamine. 65.57% (cal:64.45%) weight loss occur in 
second stage due to elimination of pivalic acid. In the third stage 4.856% (cal:6.9405%) weight loss occur due 
to the elimination of Mn at temperature 280.85°C-594.26°C. First weight loss of complex 2 is 1.725% (cal:1.8%) 
at the temperature 140.13°C-288.31°C due to elimination of MeCN. Weight loss in second stage is 4.622% (cal: 
4.95%)   due to elimination of Mn at temperature 291.32-435.42°C. In the third stage 68.22% (cal: 75.06%) 
weight loss occur due to the elimination of pivalic acid and N-butyldiethanolamine at the temperature 437.43-
573.85°C .For complex 3 weight loss in first step 17.789% (cal :17.95) at the temperature 131.57-275.44°C due 
to removal of MeCN. The second weight loss is 45.34% (cal: 44.0169%) at temperature 275.46- 435.29°C due 
to the elimination of pivalic acid and Mn. The third weight loss is 23.81% (cal: 28.64%) at the temperature 
435.30-573.85°C due to the removal of N-butyldiethanolamine. The overall weight loss in complexes 1, 2 &3 is 
86.47%, 74.57%, 86.90% respectively leaving the metal oxides as residue which has higher boiling point. This 
implies that high coordination number and the coordination environment of lanthanide ions with ligand have 
remarkable effects on thermal stability. 

 

 
 

Figure 1: TGA curve of complex (1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: TGA curve of complex (2) 
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Figure 3: TGA curve of complex (3) 
 

CONCLUSIONS 
 

Thermal and biological studies of three heterothallic Mn-Ln complexes (1-3) were done and these 
complexes were found to have low antioxidant activity. The AChE and BChE inhibition activities show that all 
these complexes are active against AChE and BChE. It is concluded that the Mn

III
2Y3(3) has more AChE 

inhibition activity and complex (2) [Mn
III

2Er3] has more BChE inhibition activity. In the enzyme inhibition 
selected complexes showed low activities against the LOX and the tyrosinase. Results of biological assays 
showed that 2 and 3 complexes have significant AChE and BChE inhibition activities, so it can be used as metal 
based drugs for Alzhemir disease after comprehensive screening. Thermal stability of 1-3 complexes was 
examined and the thermograms of compounds show mainly three stages of weight loss due to the elimination 
of various components at different temperatures. The end product was metal oxides as residue.  
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