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Organization of the thesis 

 

 

The results that make up this thesis are presented in the form of written manuscripts 

and are found under the scientific articles. 

 

The sections Material & Method, Results, Discussion of results, and References 

are found in the articles itself and present an integral part of this study. 

 

The item, General comment is for the purpose of brief and short interpretation on 

scientific articles presented 

 

The references refer only to citations that appear in the items, Introduction and 

General comments on results. 
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1.0 Summary 

 

This study provides experimental data about the anti-oxidant activity of diphenyl diselenide, 

diphenyl ditelluride, a novel organoselenium compound and ebselen under various pH 

conditions. Iron is more soluble at lower pH values; therefore we hypothesized that 

decreasing the environmental pH would lead to increased iron-mediated lipid peroxidation. 

Because of the pH dependency of iron redox cycling, pH and iron need to be well 

controlled and for the reason we tested a number of pH values (from 7.4 to 5.4) to get a 

closer idea about the role of iron under various pathological conditions. Acidosis increased 

rate of lipid peroxidation in the absence Fe (II) in rat tissue homogenates especially at pH 

5.4. This higher extent of lipid peroxidation can be explained by; the mobilized iron which 

may come from reserves where it is weakly bound. Addition of iron (Fe) chelator 

desferoxamine (DFO) to reaction medium completely inhibited the peroxidation processes 

at all studied pH values including acidic values (5.8-5.4). In the presence of Fe (II) acidosis 

also enhanced detrimental effect of Fe (II) especially at pH (6.4-5.4). All Tested 

compounds significantly protected lipid peroxidation at all studied pH values, except 

ebselen which offered only a small statistically non-significant protection. The highest anti-

oxidant potency was observed for diphenyl ditelluride. These differences in potencies were 

explained by the mode of action of these compounds using their catalytic anti-oxidant 

cycles. We have also tested the thiol oxidase activity of diphenyl ditelluride as thiol 

oxidation by diphenyl ditelluride is a favorable reaction and may be responsible for 

alteration in regulatory or signaling pathways. We have measured rate constants for 

reactions of diphenyl ditelluride with cysteine, dimercaptosuccinic acid, glutathione and 

dithiothreitol in phosphate buffer. The relative reactivities of the different thiols with 

diphenyl ditelluride were independent of the pKa of the thiol group, such that at pH 7.4, 

cysteine AND dithiothreitol were the most reactive and low reactivity was observed with 

glutathione and dimercaptosuccinic acid. The reactivity of diphenyl ditelluride was not 

modified by change in pH. Rate of oxidation increased with increasing pH for all thiols 

except dimercaptosuccinic acid, where the rate of oxidation was faster at low pH. This 

study provides in-vitro evidence for acidosis induced oxidative stress and in rat tissues and 

potential anti-oxidant action of  
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Our observations will be of importance in our understanding of pathologies which are 

associated with low tissue pH. These studies confirm that organochalcogens are redox 

active within physiologically relevant potential range. The implication from these results 

for a biological system is that these compounds may react with thiols on the basis of their 

chemical reactivity. If it is selective, accessibility or other molecular features may be more 

important determinants. Furthermore other aspect that deserve investigation is to determine 

a possible relationship between thiol-peroxidase activity of these compounds with the 

capacity of catalyzing thiol/sulfide exchange, and how these two chemical properties of 

selenide/tellurides correlates with their toxicological and pharmacological effects. 

 

 

Key words; Organochalcogens , pH, Anti-Oxidant Activity and  Thiols 
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2.0 Introduction 

 

2.1 Sources and reactions of reactive oxygen species (ROS)  

Free radicals can be defined as molecules or molecular fragments containing one or more 

unpaired electrons. The presence of unpaired electrons usually confers a considerable 

degree of reactivity upon a free radical. Those radicals derived from oxygen represent the 

most important class of such species generated in living systems [1]. ROS can be produced 

from both endogenous and exogenous substances. Potential endogenous sources include 

mitochondria, cytochrome P450 metabolism, peroxisomes, and inflammatory cell 

activation [2]. Mitochondria have long been known to generate significant quantities of 

hydrogen peroxide. The hydrogen peroxide molecule does not contain an unpaired electron 

and thus is not a radical species. Under physiological conditions, the production of 

hydrogen peroxide is estimated to account for about 2% of the total oxygen uptake by the 

organism. However, it is difficult to detect the occurrence of the superoxide radical in intact 

mitochondria, most probably in consequence of the presence of high SOD activity therein. 

Generation of the superoxide radical by mitochondria was first reported more than three 

decades ago by Loschen et al. [3]. After the determination of the ratios of the mitochondrial 

generation of superoxide to that of hydrogen peroxide, the former was considered as the 

stoichiometric precursor for the latter. Ubisemiquinone has been proposed as the main 

reductant of oxygen in mitochondrial membranes [4]. Mitochondria generate approximately 

2–3 nmol of superoxide/min per mg of protein, the ubiquitous presence of which indicates 

it to be the most important physiological source of this radical in living organisms [5]. 

Since mitochondria are the major site of free radical generation, they are highly enriched 

with antioxidants including GSH and enzymes, such as superoxide dismutase (SOD) and 
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glutathione peroxidase (GPx), which are present on both sides of their membranes in order 

to minimise oxidative stress in the organelle [6]. Superoxide radicals formed on both sides 

of mitochondrial inner membranes are efficiently detoxified initially to hydrogen peroxide 

and then to water by Cu, Zn-SOD (SOD1, localized in the intermembrane space) and Mn- 

SOD (SOD2, localized in the matrix). Besides mitochondria, there are other cellular 

sources of superoxide radical, for example Xanthine oxidase (XO), a highly versatile 

enzyme that is widely distributed among species (from bacteria to man) and within the 

various tissues of mammals [7]. Xanthine oxidase is an important source of oxygen-free 

radicals. It is a member of a group of enzymes known as molybdenum iron–sulphur flavin 

hydroxylases and catalyzes the hydroxylation of purines. In particular, XO catalyzes the 

reaction of hypoxanthine to xanthine and xanthine to uric acid. In both steps, molecular 

oxygen is reduced, forming the superoxide anion in the first step and hydrogen peroxide in 

the second [1]. Additional endogenous sources of cellular reactive oxygen species are 

neutrophils, eosinophils and macrophages. Activated macrophages initiate an increase in 

oxygen uptake that gives rise to a variety of reactive oxygen species, including superoxide 

anion, nitric oxide and hydrogen peroxide [8]. Cytochrome P450 has also been proposed as 

a source of reactive oxygen species. Through the induction of cytochrome  P450 enzymes, 

the possibility for the production of reactive oxygen species, in particular, superoxide anion 

and hydrogen peroxide, emerges following the breakdown or uncoupling of the P450 

catalytic cycle. In addition, microsomes and peroxisomes are sources of ROS. Microsomes 

are responsible for the 80% H2O2 concentration produced in vivo at hyperoxia sites [9]. 

Peroxisomes are known to produce H2O2, but not O
2
•−, under physiologic conditions. 

Although the liver is the primary organ where peroxisomal contribution to the overall H2O2 

production is significant, other organs that contain peroxisomes are also exposed to these 
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H2O2- generating mechanisms. Peroxisomal oxidation of fatty acids has recently been 

recognised as a potentially important source of H2O2 production as a result of prolonged 

starvation. The release of the biologically active molecules such as cytokines and others, 

from activated Kupffer cells (the resident macrophage of the liver) has been implicated in 

hepatotoxicological and hepatocarcinogenic events. Recent results indicate that there is a 

close link between products released form activated Kupffer cells and the tumour 

promotion stage of the carcinogenesis process [10]. 

Reactive oxygen species can be produced by a host of exogenous processes. Environmental 

agents including non-genotoxic carcinogens can directly generate or indirectly induce 

reactive oxygen species in cells. The induction of oxidative stress and damage has been 

observed following exposure to various xenobiotics. These involve chlorinated compounds, 

metal (redox and non-redox) ions, radiation and barbiturates. For example 2-butoxyethanol 

is known to produce ROS indirectly, which causes cancer in mice [11]. 

2.2  Iron physico-chemistry in biological system 

2.3 Iron-induced redox reactions, 

Redox cycling is a characteristic of transition metals such as iron. Iron-catalyzed oxidative 

stress is believed to be the main mechanism involved in the pathogenesis of iron-induced 

cancer [12]. Reactive oxygen species (ROS), often under pathological conditions due to 

oxidative stress, have been shown to be associated with a wide variety of diseases, such  as 

carcinogenesis, inflammation, radiation, and reperfusion injury [13]. In biological systems, 

it is often considered that ROS induced by iron originate from the interaction of iron with 

enzymatically and/or non-enzymatically generated superoxide (O
2
•−) (Haber–Weiss 

reaction) and/or hydrogen peroxide (H2O2) (Fenton reaction) [14,15]. However, 

measurements in liver cells have determined the steady state level of H2O2 to be 
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approximately 10−8M  [16], and the steady state level of O2 in vivo is about 10−5M [17]. 

Assuming that the rate constant for oxidation of substrate by “Fe
2+

 + O
2
” chemistry (Fe

2+
 

autoxidation) is similar to the Fenton reaction and that the oxidizable substrate 

concentration of a living system is about 1M, it has been estimated that the rate of oxidation 

of oxidizable substrate by “Fe
2+

 + O
2
” could be as much as 108 faster than the rate of 

oxidation by the Fenton reaction [18]. These results suggest that “Fe
2+

 + O
2
” chemistry is 

probably the most important route for free radical biology of iron. In fact, O2•− and H2O2 

may be produced directly from dissolved oxygen (O2) in aqueous media in the Fe2+-

mediated autoxidation reactions as follows:  

Fe
2+

 + O2 → Fe
3+

 + O
2•− 

(1) 

Fe
2+

 + O
2•−

 + 2H
+
 → Fe

3+
 + H2O2 (2) 

Fe
2+

 + H2O2 → Fe
3+

 + OH
−
 + OH

•
 (3) 

In comparison with Fenton/Haber–Weiss reactions where iron is catalytic or redox cycled, 

iron is consumed in iron autoxidation reactions. For example, oxidants produced by the 

interaction of Fe
2+

 and O
2
 may be quenched by Fe

2+
 itself at the high concentrations as 

follows: 

Fe
2+

 + OH
•
 → Fe

3+
 + OH− (4) 

According to the reactions (1)–(4), a self-quenching reaction can be written as follows: 

4Fe
2+

 + O2 + 2H
+
 → 4Fe

3+
 + 2OH

−
 (5) 

A total stoichiometry 4 Fe
2+

:1 O2 can be proposed based on the reaction (5), though this 

stoichiometry is greatly dependent upon the nature of the iron chelator used, and can differ 

markedly from the 4:1 [19,20].  

It is known that the activation of oxygen by iron is subject to both kinetic and 

thermodynamic restraints, and therefore, reactions (1)–(3) as described are oversimplified. 
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For example, it has been suggested that oxidants other than the hydroxyl radical (OH
•
), 

such as ferryl or iron oxo, may also be generated [21, –22]. Because the conversion of H2O2 

and O2 into the more reactive OH
•
 radical requires the participation of Fe

2+
, and DFO binds 

tightly only to Fe
3+

, it has been recently shown that the combination of a Fe
2+

 chelator 2,2_-

dipydyl with DFO had the most significant effect in preventing cells from iron-induced 

lipid peroxidation in human liver HepG2 cells [23]. 

2.4  pH dependency of iron-induced redox reactions 

Chemically speaking, ferric ion (Fe
3+

) is a weak oxidant, and ferrous ion (Fe
2+

) is the form 

of iron that is capable of redox cycling. Oxidation of Fe
2+

 to Fe
3+

 resulting in ROS 

formation is greatly dependent upon the pH of the media. For example, the reaction half 

lives of Fe
2+

 at pH 3.5 and 7.0 were 1000 days and 8 min, respectively [24, 25]. In a pH 

buffered system under a constant partial pressure of oxygen, the Fe
2+

 oxidation proceeds at 

pH values greater than 4.5 with the kinetic relationship: 

−d[Fe
2+

]/dt = k[Fe
2+

][O2][OH
−
]2 

where k = 8.0 × 1013 l2/(mol2 atm min) at 25 ◦C. Increasing the pH into the alkaline region 

causes the precipitation of ferrous hydroxide, which causes the rate of oxidation to change 

from a homogenous to a heterogenous reaction and leads to a further increase in the rate 

[26]. At pH values below 3.5, the reactionproceeds at a rate independent of pH: 

−d[Fe
2+

] / dt = k_[Fe
2+

][O2] 

where k_ = 1.0 × 10−7 atm−1 min−1 at 25 ◦C. Since Fe
2+

 oxidation is very slow at pH < 

3.5, there is consequently not much cytotoxicity in the gastric system (pH 1–2) caused by 

oral uptake of a normal dose of ferrous sulfate. However, in lung medium in which the pH 

is usually greater than 7, oxidation of Fe
2+

 probably proceeds quickly and ROS resulting 

from the interaction of Fe
2+

 and O2 may damage lung cells and cause cytotoxicity. This 
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suggests that the inhalation of iron may be more hazardous than the ingestion of iron [27]. 

In fact, pulmonary injury after aspiration of FeSO4 has been reported in a patient showing 

acute bronchial damage and early histological change in the biopsy specimens after the 

exposure [28]. A delayed occurrence of bronchial stenosis after inhalation of iron has also 

been described [29, 30]. Because of the pH dependency of iron redox cycling, pH and iron 

need to be well controlled in cell experiments involving iron-mediated free radical 

oxidation. It was shown that acidic pH (<4.5) stabilized FeSO4 in the coal dusts, whereas at 

high pH the conversion of reactive Fe2+ to Fe3+ was immediate [31].  Iron-catalyzed lipid 

peroxidation in K-562 cells was shown to be pH dependent, the lower the extracellular pH 

(decreasing from 7.5 to 5.5), the higher the free radical flux; the lower the pH, the greater 

the membrane permeability of iron [32]. In the phagolysosomes of cells where pH is around 

5.5 [33], this pH environment seems to provide optimal conditions for maximal catalytic 

efficiency and solubility of iron [34, 35]. In comparison with normal tissue, human tumors 

have relative low pH levels [36]. These low levels in tumors may increase iron released 

from ferritin and lactoferrin and enhance oxidative damage as well. 

2.5 Selenium (Se) and Tellurium (Te) Based Anti-Oxidants 

Organoselenium compounds exhibit potent antioxidant activity mediated by their 

glutathione peroxidase (GPx) mimetic properties. In line with this, ebselen (pz 51; 2-

phenyl-1,2-benzisoselenazol-3(2H)-one), a synthetic selenium-containing heterocycle has 

been used experimentally and clinically with success in a variety of situations where free 

radicals are involved. Diphenyl Diselenide (DPDS), the simplest diaryl diselenide, is 

particularly important as a potential antioxidant drug in view to the fact that it  has been 

shown to be more active as a glutathione peroxidase mimic, less toxic to rodents than 

ebselen and has also low toxicity for non-rodent mammals after long term exposure [37].  
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Similarly, There has been a considerable interest in organotellurium compounds as 

potential antioxidants in living systems against several pro-oxidant agents, such as 

hydrogen peroxide, peroxynitrite, hydroxyl radicals and superoxide radical anion [38-43], 

since these compounds may mimic glutathione peroxidase activity (GPX) [44,45]. This 

property is thought to be due to oxidation of Te from the divalent to the tetravalent state. 

Besides, tellurides are promising antitumoral drugs and their chemoprotective effects can 

be related to their cytotoxic properties and to their ability to inhibit important enzymes 

necessary for the tumor growth [46-47]. These pharmacological properties are much more 

evident in organotellurium compounds than in selenium or sulfur analogues, making these 

compounds extremely attractive in medical therapies. 
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3.0 Objectives; 

Working hypothesis, 

1.0 We have tried to explore the possibilities if change in pH could modulate anti-

oxidant of organochalcogens, as based on the redox potential and electrochemical studied 

on organochalcogens, we worked on the hypothesis that the formation of stables selenolate 

(Se
-1

) and tellurate (Te
-1

) ions can increase the reducing properties of these moieties on the 

organochalcogenides and hypothetically can increase their antioxidant properties. However, 

there is no data in the literature supporting this assumption.  

2.0. Iron is more soluble at lower pH values; therefore we hypothesized that decreasing 

the pH of the reaction medium will lead to increased lipid peroxidation. 

 

 

For the purpose, 

The work was designed in this regard to get a different pH media (in-vitro) and study, 

1. The effect of pH on Fe (II) mediated lipid peroxidation in rat’s brain, kidney, liver 

homogenates and phospholipids extract from egg yolk by measuring thiobarbituric acid- 

reactive species (TBARS). 

Similarly,  

2. We have determined the influence of pH on protective effect of organoselenium and 

organotellurium compounds (in vitro) at different pH ranging from low (acidic) to 

physiological value in rat’s brain, kidney, liver and phospholipids extract from egg yolk. 

3.0 We have also studied the thiol oxidase activity of diphenyl diselenide and diphenyl 

ditelluride at various pH ranging from physiological value (7.4) to acidic values (5.4). 
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5.0 General comments / General discussion 

 

5.1 Interaction profile of thiols with diphenyl diselenide  

 

The behaviors of thiols towards diphenyl diselenide revealed the fact that cysteine has 

higher rate constant as compared to GSH and DTT at physiological pH (7.4). The 

difference in the rates of oxidation both in the absence and presence of (PhSe)2 can be 

explained by the fact that both the extent of ionization of a thiol and the intrinsic 

nucleophilicity of the corresponding thiolate anion determine the overall reactivity of thiols 

in this type of reactions. It has been suggested that the lower the pKa of a thiol the lower 

the nucleophilicity of the thiolate but the higher the relative concentration of thiolate [48-

49]. This means that at physiological pH the CYS with the lower pKa would be the better 

nucleophile than GSH and DTT in our experimental set-up. We have also observed that 

GSH has lower rate constant than DTT at pH 7.4, both in the absence and presence of 

(PhSe)2. This difference can be explained by the fact that GSH is sterically more hindered 

than DTT. Secondly, the close spatial proximity of two thiol groups in DTT not only 

facilitates auto-oxidation, but also promotes rate of oxidation in the presence of (PhSe)2. 

The lower rate constants of DMSA and DMPS can also be attributed to extreme steric 

hindrance by carboxyl groups and low nucleophilicity of these thiols. 

The effect of pH on rate of reaction for CYS, DMPS  and GSH  revealed that these thiols 

are more reactive when ionized and which is observable by gradual increase of rate 

constant with increasing pH both in the absence and presence of (PhSe)2. This indicates that 

the deprotonated form of these thiols is the active species. Our study further revealed that 

the apparent rate constants for the reaction of (PhSe)2 with DMSA and DTT were higher at 

low pH. A possible explanation for the observed differences in pH dependence between 

DTT, DMSA and these thiols could not be that the thiolate anion form is the actual 

substrate for (PhSe)2. This is underlined by the similar pH profiles of (PhSe)2 reduction by 

other thiols. The question of higher reactivity at lower pH for carboxylic acid containing 

molecules may be related to a decrease in the reactivity of the negative charges as pH 
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lowers, i.e., the steric hindrance of the charges diminish as pH falls. While in case of DTT 

we propose that the reaction may be acid hydrolyzed. 

5.2 Why low pH increased extent of lipid peroxidation? 

 

Most studies (but not all) have shown that acidity increases the oxidation of lipids. The 

autoxidation of linoleic acid was increased by acidity (whereas that of methyl linoleate was 

decreased by acidity) [50] and the oxidation of polyunsaturated fatty acids by iron–

ascorbate , by ferritin–ascorbate or by tissue homogenates [51] was much faster at acidic 

pH. The oxidation brain homogenates [52] or brain slices [53] were increased greatly at 

acidic pH. Phospholipid liposomes are oxidised faster at acidic pH by human activated 

neutrophils [54] or by autoxidation [55]. In contrast, the autoxidation of phospholipid 

emulsions has been reported to be slower at acidic pH [56]. 

Aliquots (100 µl) of tissue homogenates were incubated for 60 min in a medium contains 

10 mM sodium phosphate buffer, of different pH ranging from 5.4 to 7.8. The rate of per 

oxidation exhibits a dramatic increase as the pH is decreased from 7.8 to 5.4 both in the 

presence and absence of Fe (II) in tissue homogenates. The enhancement of pH dependent 

lipid peroxidation can be attributed to mobilized iron which may come from reserves where 

it is weakly bound. The pH dependency of TBARS production can be explained by the fact, 

firstly, that the protein transferrin carries two iron ions, although it is normally only about 

one third saturated with iron [57] Transferrin loses its bound iron at acidic pH. The pH-

dependent affinity of transferrin for iron decreases under acidic conditions leading to 

dissociation of iron from transferrin and other proteins like ferritin and lactoferrin [58].  

The mobilized iron Fe (II) can interact with enzymatically and/or non-enzymatically 

generated superoxide (O2
●−1

) (Haber–Weiss reaction) and/or hydrogen peroxide (H2O2) 

(Fenton reaction) [59] producing reactive oxygen species.  

In fact, O2
● −1 

may be produced directly from dissolved oxygen (O2) in aqueous media in 

the Fe
2+

-mediated basal/autoxidation reactions as follows: 

Fe
2+

 + O2 → Fe
3+

 + O2
●−1

    (1) 

The superoxide produced in above reactions (1) may react with Fe (II) in a metal catalyzed 

(Haber–Weiss reaction) to produce the extremely reactive hydroxyl radical, which may 

then abstract hydrogen atoms from polyunsaturated fatty acids. 
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Fe
2+ 

+ O2
● −1

 + 2H
+
 → Fe

3+
  + H2O2  (2) 

Fe
2+

+ H2O2 → Fe
3+

  + OH
−1

 + OH
●
   (3) 

Indeed, transferrin has been
 
shown to release bound iron during in vitro acidotic conditions, 

particularly
 
as pH falls to <6.0 and brain cortical homogenates media release iron under 

acidic conditions [54]. Furthermore, acidosis increases TBARS in
 
anoxic brain slices [53], 

brain homogenate and phospholipids liposome [60]. 

To support the mechanism and to explore the involvement of Fe (II) especially at low pH, 

we added iron chelator i.e. desferoxamine, DFO (1mM) in the absence of extracellular 

added iron at acidic values. The addition of DFO inhibited TBARS production at acidic pH 

values indicating the Fe (II) release and its participation in lipid peroxidation processes. 

The data presented here provides direct evidence for enhanced lipid peroxidation in rat’s 

tissue homogenates at acidic pH which are consistent with our previous observations [61]. 

In the same way, acidic pH enhances the detrimental effect of iron. In our study we have 

addressed the catalytic efficiency of iron in tissue homogenates as the environmental pH 

changes. Thus, acidic pH not only releases iron from “safe” sites, but also potentiate the 

pro-oxidant effect of Fe (II) as apparent from increased lipid peroxidation. 

 

5.3 Differences in activities of organochalcogens  

 

DPDS significantly reduced both basal and Fe (II) induced TBARS at all studied pH values 

in tissue homogenates. Surprisingly, ebselen did not offer any protection against TBARS 

production at none of the studied pH neither in tissue preparation. 

To explain the difference between the observed activities of the these two organoselenium 

compounds, we can take help from literature in which the available information reveals a 

hypothetical catalytic cycle in which, the Se-N bond of ebselen (1) is readily cleaved by 

thiols to produce the corresponding selenenyl sulfides (2), which upon reduction by excess 

thiols produces selenol (3). Finally, the selenol reacts with organic hydroperoxide 

(produced in reaction 2) to form ebselen via ebselen-selenic acid (4) as shown in (Scheme-

1) [62]. 
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Similarly, (for DPDS) in the presence of excess thiol, the diselenide (RSeSeR) is reduced to 

the selenolate RSe
-1

 with the formation of RSSeR (5). Nucleophilic attack of thiol on 

RSSeR produces the disulfide and the 2nd selenolate RSe
-1

 ion 

R'SH + RSeSeR ↔ R'SSeR + RSe
-1

 + H
+
   (4) 

R'SSeR + R'SH ↔ R'SSR'+ RSe
-1

 + H
+  

(5) 

The two selenolate molecules produced in above reactions (4,5) can react with H2O2 

(produced in reaction.2) production selenic acid (reaction-6) which upon reactions with 

GSH produces selenyl sulfide (reaction-7) and regenerate a molecule of diphenyl diselenide 

(reaction 8). 

2 RSe
-1    

 +    H2O2    → 2 RSeOH   (6) 

2 RSeOH  +   2GSH →  2RseSG   (7) 

2RSeSG    +   2GSH → RSeSeR   (8)  

When the diselenide bond of diphenyl diselenide is disrupted, two selenols (reaction 4, and 

5) can be yielded, differently from ebselen (Scheme-1, only one selenol molecule (3)), 

improving the catalytic reaction that is of particular significance to living cells. These 

mechanisms support our results that indeed, diphenyl diselenide has higher anti-oxidant 

potential than ebselen which we propose to be because of the difference in their catalytic 

cycle i.e. mode of formation of selenol/s. 

Traces of iron salts are present in all biological systems, and any increase in the normal 

concentration will potentiate the toxic effects of oxygen. Therefore, much experimental 

attention has been given to analyze the role of iron, especially Fe
2+

, in metal-mediated lipid 

peroxidation, and demonstrated that oxidation of Fe
2+

 to Fe
3+

 is closely linked to the onset 
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of the peroxidation process. In this respect, Several investigators have proposed some iron-

oxygen complexes such as the ferryl ion [63], perferryl ion, [64] and Fe
+2

-O2
●
-Fe

+3
 

complex [65], for oxidizing species of Fe (II) which can initiate or potentiate the extent of 

lipid peroxidation process by producing reactive oxygen species. A plausible mechanism by 

which DPDS is conferring protective action against Fe (II) induced lipid peroxidation in 

these homogenates is that DPDS could not only be operating as a free radical scavenger but 

may be interacting with Fe(II) or its oxidized forms. 

We have also showed that DPDT significant protected tissue homogenate against Fe(II) 

induced lipid peroxidation. The anti-oxidant potency of DPDT can be explained by the fact 

that organotellurium compounds are readily oxidized from the divalent to the tetravalent 

state. This property makes them attractive as scavengers of reactive oxidizing agents such 

as hydrogen peroxide, hypochlorite, and peroxyl radicals, and as inhibitors of lipid 

peroxidation in chemical and biological systems [66]. This study also suggests that 

diorganoyl ditelluride are more reactive than structurally related diorganoyl diselenide 

compounds. The higher potency of DPDT compared with diphenyl diselenide and ebselen 

can be explained, essentially due to their higher electro negativity in relation to carbon 

associated with a larger atomic volume of the tellurium atom. Based on mechanistic studies, 

diaryl tellurides were pointed to exert an antioxidative effect by deactivating both peroxides 

and peroxyl radicals under the formation of telluroxides (Scheme 2). [67], and we may 

assume that DPDT may also work in a catalytic way and may lead to the formation of a 

intermediate telluroxide capable of quenching the hazardous effects of H2O2 .  

 

H2O2

Te

O

R R

2 RSHRSSR

Te

R R

 

      

(Scheme 2) 
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We also tried to explore the possibilities if change in pH could modulate anti-oxidant of 

these organochalcogens, as based on the redox potential and electrochemical studied on 

organochalcogens, we worked on the hypothesis that the formation of stables selenolate 

(Se
-1

) and tellurate (Te
-1

) ions can increase the reducing properties of these moieties on the 

organochalcogenides and hypothetically can increase their antioxidant properties [68]. 

However contrary to our expectations we did not find ant alteration in the anti-oxidant 

status/potencies of the above tested compounds (data not shown). But, these studies 

confirm for the very first time that DPDS and DPDT and their reduced forms are redox 

active within patho- physiologically relevant potential range and can protect tissue from 

peroxidration. Although the observation in the present study cannot be directly related to in 

vivo conditions, it seems that the results may give us a clue to understand the role of Fe (II) 

in the iron-mediated cell injury and/or diseases under acidic conditions and a possible anti-

oxidant effect of DPDS and DPDT in low pH mediated pathological conditions i.e. 

ischemic/reperfusion injury. 
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