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Abstract 
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'/ 
Recently, free radicals have been a hot topic of discussion in the health 

profession. They have been implicated in cancer, cellular aging, osteoporosis, heart 

disease, and arthritis. Molecules like lipid hydroperoxides are products of such reactions 

and can indicate their presence. Currently, scientists are researching methods of 

detecting very faint amounts of, the body's natural defense against, and genetic anomalies 

fighting the process of peroxidation. The topic of peroxidation is outlined; providing 

background information on the cell and cell membrane, the importance of free radicals, 

an introduction to detection of lipid hydroperoxides by means of DPPP, original research 

concerning detection of hydro peroxides, and article reviews of current research 

pertaining to similar subjects. 
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Introduction 

The Eukaryotic Cell and Polyunsaturated Fatty Acids 

The cell is an incredibly complex entity. Eukaryotic cells consist of many 

different organelles with very diverse functions; including a nucleus, mitochondria, 

chloroplasts, lysosomes, peroxisomes, smooth and rough endoplasmic reticulum, golgi 

apparatus, and membranes enclosing each organelle and the entire cell (1). These 

components are just the main areas inside the cell; each piece has its own structure, 

function, and specific location. The plasma membrane encloses the entire cell and its 

structure is complex in itself (1). 

The structure of the plasma membrane is often described as a "fluid-mosaic" 

model. The word "mosaic" describes the fact that the membrane is made up of many 

different components (2). Scattered throughout, for example, human plasma membranes 

are mostly phospholipids, some cholesterol, and proteins (integral, transmembrane, and 

peripheral) (2). The word "fluid" means that these pieces are constantly moving in a 

lateral fashion, though rarely do they "flip-flop." 

Figure 1: Fluid-mosaic model of plasma membrane. This figure shows integral and transmembrane 
proteins interspersed between phospholipid molecules. 
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A phospholipid has a unique structure, being composed of a polar "head" region 

and two nonpolar "tail" regions (3). When introduced to a polar fluid (the environment 

of a cell is mostly composed of water, a polar fluid) the lipids naturally assume a 

configuration in which they position themselves back-to-back with the tails touching and 

heads on opposite sides. This arrangement is known as the "lipid bilayer." 

HYDROPHILIC 

Figure 2: Left - Structure of a phospholipid. In the bottom left-hand corner, notice the 
polar head and nonpolar tails. On the right side, notice the two fatty acid chains: palmitic acid 
(right) and palmitoleic acid (left). Right - lipid bilayer structure. (3) 

The plasma membrane is the barrier that separates the exterior of the cell from the 

cytosolic side, or the inside (3). Many different molecules pass through the bilayer, 

either by diffusion, channels, or any of several other methods. In the interior of the 

bilayer, the fatty acid tails are composed of different fatty acids, such as: stearic acid, 

palmitic acid, oleic acid, linoleic acid, and many others. Some of these are considered 

saturated, containing no double bonds, while others have unsaturations. Linoleic acid is 

3 



known as a polyunsaturated fatty acid, or PUF A, in that it contains more than one double 

bond. 

Free Radical Chain Reactions and Lipid Hydroperoxides 

Free radicals are ultra-reactive molecules containing only one free electron, 

within the cell or cell membrane, that readily react with other molecules, causing cellular 

damage (4). They have been implicated in cellular aging, rheumatoid arthritis, heart 

disease, cancer, and many other degenerative diseases associated with aging. When free 

radicals are introduced to the environment between the layers of the plasma membrane, 

they react with fatty acids, specifically PUF As because they are easily oxidized (4). 

The mechanism by which a free radical reacts with a PUF A is somewhat 

complex. For example, in linoleic acid, which contains a double allyl, the middle -CH2 

is sensitive to homolytic cleavage induced by the radical. This means that instead of an 

exchange of two electrons, or an electron pair, only one electron is exchanged; a 

somewhat uncommon reaction. 
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gure 3: Mechanism of formation of hydroperoxide. 

When in an aerobic environment, like many of the cells in the human body, the single 

electron now present on the PUF A can react with molecular oxygen to produce a peroxyl 
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radical. This is a dangerous situation inside the plasma membrane, as the peroxyl radical 

then produces a chain reaction with other fatty acid tails adjacent to itself. The radical 

will also automatically pick up a hydrogen atom to become a hydroperoxide, a primary 

oxidation product. 

Research Background 

Detection of Lipid Hydroperoxides using DPPP 

Previous research has shown that lipid hydroperoxides can be detected using 

fluorometry. Several different compounds, namely phosphine reagents, can be used to 

accomplish this task, but it has been determined that a compound known as diphenyl-l-

pyrenylphosphine (DPPP) was judged the most appropriate reagent owing to its 

sensitivity, reactivity, stability against air oxidation, and easy preparation. Because lipid 

hydroperoxides exist in very small amounts in the body, fluorometry provides a reliable 

way to detect their presence in a given sample, in very small amounts. 

When a lipid hydroperoxide reacts with DPPP, an alcohol is formed, as well as 

the oxide ofDPPP (DPPP=O). The following reaction comes from research performed 

using t-butyl hydroperoxide to model a lipid hydroperoxide. The reaction is second order 

because its kinetics depends on the concentrations of both reactants. 

In this case, the formation of the oxide ofDPPP was found to produce fluorescence that 

was detected using a JY Fluoromax Spectrofluorometer. 

DPPP + tBuOOH -----> DPPP=O +tBuOH 
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Research Methods 

Finding a Detection Limit 

Research goals centered solely on detection of lipid hydroperoxides using 

fluorometry and post-column detection using High Performance Liquid Chromatography 

(HPLC). First, a detection limit for tBuOOH was sought on the spectrofluorometer. For 

this, the concentration ofDPPP was first made much greater than that oftBuOOH. 

Ensuring a much higher concentration of DPPP would model first order kinetics, as the 

ratio ofDPPP to tBuOOH would largely favor the former. This would create a situation 

where the reaction would depend solely on the concentration oftBuOOH with constant 

DPPP concentration. Because of this dependence on one reactant, analyzing a first order 

situation was much simpler than attempting to analyze second order. 

To find a detection limit, a batch reaction was performed in which gradually 

smaller amounts oftBuOOH were used to determine the lowest amount of the reactant 

that would still produce the characteristic curve signaling a first order reaction. Once the 

spectrofluorometer readings no longer produced the correct pattern or were subject to 

large variations, it could be assumed that the detection limit had been found. 
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Figure 5: Left - 0.05 nmol tBuOOH is clearly under the detection limit. Jagged peaks indicate the 
effects of background noise. Right - 1 nmol tBuOOH shows a solid reading with a line devoid of 
large jagged peaks. 
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After numerous trials, ranging from a high end of 10 nmol and a low end of 0.01 

nmol tBuOOH, it was discovered that 0.1 nmol was the detection limit. Any amount of 

tBuOOH below this would require post-column detection which utilizes flow injection 

analysis; a process which allows the researcher to inject very small amounts of sample. 

Early Difficulties 

The reaction described was performed in a plastic cuvet. When performing an 

assay, the tBuOOH was first added, along with the medium used, CHCh:MeOH (1: 1). 

Next, the DPPP was added after the first 10 seconds (enough time for one data point to be 

taken) and mixed. Traditionally in the spectrofluorometer, mixing is done with a small 

"plunger" containing mixing holes; however, the medium that was used had been found 

to damage the plunger. To avoid this, a small piece of Tygon (a clear, rubber-like 

material) pipeline, approximately six inches long, was cut in half along the length of the 

pipe. This produced a "u" shaped mixer. Mixing was found to be compromised by 

using the "half-pipe" as many results were highly varied. To solve this problem, 

inversion mixing became the preferred method. Once the DPPP was added to the 

reaction mixture, the cuvet was quickly covered with parafilm and inverted twice. After 

several trials, consistency was no longer a major problem, as results deviated little from 

trial to trial. 

Another problem encountered involved buildup on the walls of the cuvet. It was 

thought that DPPP, being a sticky compound composed of several large phenyl rings, 

accumulated quickly after several trials, causing false increased fluorescence. To attempt 

to eliminate this problem, washes were used with different solvents. 
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Because of the dynamics of the reaction, it might be expected that during the trials 

performed in one day, the initial fluorescence should remain the same, barring very slight 

DPPP oxidation by oxygen in the air and inconsistencies in the instrument. The washes 

used involved water, medium (CHCh:MeOH), methanol, and dilute HCl. Of the washes, 

methanol and HCI washes were equally effective, therefore the methanol wash was used 

in order to keep consistency with the medium. 

Another persistent problem, mentioned earlier, as DPPP became exposed to air, 

the oxygen reacted and produced higher initial fluorescence reading as time passed. 

Thus, the stock DPPP solutions degraded with time. A plot of initial fluorescence over 

the period of one week was plotted to visualize this increase. To avoid any major 

increases in fluorescence, new DPPP solution was stored no longer than two weeks. 

Initial Fluorescence by Trial 

100000000 ~ 

90000000 

80000000 

70000000 

I eooooooo 

J 
50000000 

40000000 

i -.- 5130/2006 

.----.... ----.. __ ~ __ .... ___ .~ ... __ ~~_::::::::::::::::=~=::::::::.:~---- .. -I : :::~~:;~~~e 
l::*- 61712006 

30000000 

,20000000 

10000000 

0 
0 2 .. 5 8 7 8 

Trial 

Figure 6: DPPP oxidation over one week period. 

Use of Fe2+, Fe3+, and Pyridine as Catalysts 

From the information given, a reasonable question can be posed. Why attempt to 

detect lipid hydroperoxides via fluorometry when post-column detection can detect much 
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smaller amounts of sample? Because of the nature of the HPLC, the reaction between 

DPPP and tBuOOH must be completed within a very short period of time, approximately 

one second. Traditional methods have used heat from a reaction coil to speed up the 

reaction. The current research centered on using known catalysts, at the correct 

concentration, in the proper combination. Using a batch reaction would provide a better 

understanding of the kinetics of the reaction, making it easier to determine the correct 

amount of catalyst to complete the reaction in less than one second. 

From other research, catalysts such as Fe(N03)3 and FeS04 (both dissolved in 

methanol) were found to increase the rate constant. It was also found that when pyridine 

was added to the iron catalyst, this provided better results. The tBuOOH concentration 

was kept at 5 IlM and the DPPP at 50 IlM to attempt to force first order kinetics. Next, 

increasing concentrations ofFe3+ were added from a IlM, then 10,25, 75, 100,250,500, 

750, and 1000 IlM iron. It was observed that as increasing amounts of iron were added, 

catalysis was increased but fluorescence was quenched. 

Rate Constant vs. Concentration Fe 
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Figure 7: A graph of estimated rate constant with increasing concentrations of iron. It can be seen 
that, in general, an increased concentration of iron aids catalysis. 
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Observing fluorescence is important; however, so is increasing catalysis. In order to 

optimize both aspects, a titration was performed (see figure 7) to find at which 

concentration fluorescence was quenched. 

DPPP/F. Titration 
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Figure 8: DPPP-Fe titration performed to find the point of best quenching and catalysis results. 

From here it could then be determined which concentration of iron could best be used in 

conjunction with pyridine to further increase catalysis and hopefully reach a rate constant 

capable of completing the reaction in less than one second. Figure 7 indicates that 100 

~M iron was the best concentration to use with pyridine. 

Pyridine was needed to mix with iron because both iron catalysts could not reach 

the rate constant needed to complete the reaction in the desired time. Therefore, 100 ~M 

iron was mixed with increasing concentrations of iron to optimize catalysis. Pyridine 

concentrations included 50 ~M, 5mM, 20mM, 0.2 M, and 1M. By the end of the 

research, no real notable increase in catalysis was shown, in fact a slight decrease was 

observed. 

In order to attempt to isolate the cause of the problem, the procedure was 

analyzed and several possible solutions were tested. First, fresh medium was made in 

10 



order to rule out any possible Fe3
+ contamination. This seemed to have no effect on the 

readings and it was decided that there was no such contamination present. 

Next, the CHCl]:MeOH medium was replaced with acetonitrile. It was thought 

that some unknown component in the medium was causing a decrease in catalysis, 

therefore acetonitrile, a good replacement solvent for CHCh:MeOH, would affect the 

reaction rate less. This; however, was not the case. 

It was also thought that a possible problem might have resulted from the N03-

anion that was attached to Fe3+, Instead, FeS04 (Fe2+) was dissolved in methanol and 

used as a catalyst. Again, no marked increase in catalysis was observed. 

Finally, several controls were manipulated to attempt to isolate a possible problem 

with any of the reagents (CHCh:MeOH, DPPP, tBuOOH, Fe(N03)3 in methanol). 

Different concentration ratios for the two reactants, CHCh:MeOH and DPPP, were tried 

other than just 10:1. From this ratio, the concentration ofDPPP was increased. DPPP 

concentration was not decreased because of the assumption for first order kinetics that 

requires DPPP be ten times in excess oftBuOOH. These changes also had no apparent 

results on catalysis. 

Future Plans for Research 

From this point in the research, it seems that reaction speed must be first 

increased by changing the rate constant via catalysis. Once the proper k value (rate 

constant) is attained, biological samples could be analyzed using HPLC to detect levels of 

lipid hydroperoxides in the pmole range instead of J.lmole. Detecting these small amounts 

could playa large part in identifying primary oxidation products that are possible results 

of radical reactions within lipid bilayers of cell membranes. 
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Extending the issue one more step, it would be useful to not only understand the 

implications of early and accurate detection of lipid hydroperoxides, but possible future 

fixes involving antioxidant molecules found within the body or produced naturally by 

other organisms such as microbes. 

Recent Research 

The following is a review of two articles involving recent research on 

hydroperoxides, their detection in their natural environment, or in situ, and ideas for 

treatment. 

Organ Chemiluminescence: Noninvasive Assay for Oxidative Radical Reactions (5) 

Since discoveries made in 1961, it has been understood that many organisms 

display luminescence in response to peroxide and free radical metabolism. Prior to this 

time, it was thought that only those organisms whose organs contained enzymes known 

as luciferins and luciferases exhibited any kind of luminescence. 

Figure 9: Luciferase activity in Arabidopsis seedlings. Luciferase activity is viewed by fluorescence 
microscopy (6). 

To prove this, a photon counter was used to monitor the level of light emitted from the 

tissue that was used. Such tissue as brain, muscle, intestinal, and lipid extracts were 
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utilized from mice. Recent research has connected this phenomenon with the process of 

lipid peroxidation. From this finding, researchers understood that the processes of radical 

reactions could be better understood by using the chemiluminescence with which it is 

coupled. Using this, a model system could be constructed in mitochondria using an 

electron transfer system, hydroperoxide, oxygen, and cytochrome c. Using these 

compounds, structures, and the chemiluminescence resulting from them, the researchers 

had recently shed some more light on the process. 

Thea~dv~~~~~~~~t~h~e~c~h~em~il~u~m~i~n~e~sc~e~n~c~e~o~f~~~~~is~thmorgans 

Figure 10: Cytochrome c located within the inner mitochondrial membrane respiratory chain. 

(exposed or fiberoptically probed) can be continuously monitored for metabolism 

concerning radical reactions. In the article referenced, the researchers used rat livers and 

examined the spontaneous or hydroperoxide-induced chemiluminescence on either in situ 

or perfused livers. 

In the in situ liver, it was seen that the tissue had an endogenous luminescence 

corresponding with approximately 67±10 cps (counts per second) over an area of 10 cm2
. 

When tBuOOR was injected into the liver in the range from 12 to 17 jlmol/min, only a 

small increase in chemiluminescence was observed, but when the rate was changed 

between 24-108 jlmol/min, the chemiluminescence rate increased markedly. During this 

large amplification, an initial spike is observed, followed by a drop to some constant 
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lower level. After withdrawal of tBuOOH, a 20-30% decrease in chemiluminescence 

was observed after 10-15 minutes. Beyond an administration rate of approximately 100 

J.tmol/min, the emission level remained constant after further increases and the liver tissue 

began a rapid deterioration, appearing with large white spots on the surface of the liver 

and resulting in eventual death of the organism. 

In the perfused rat liver, an initial rate of 50± 1 0 cps was observed, followed by an 

increase in chemiluminescence as the rate of infusion oftBuOOH was also increased. In 

this case; however, the initial spikes in luminescence were not observed and once the 

tBuOOH infusion rate was halted altogether, it took approximately 2 minutes for the level 

of chemiluminescence to diminish to 20-30% its value. After levels of 120J.tmollmin for 

10-15 minutes, irreversible tissue damage was observed as the level of luminescence 

never returned to background level, white spots appeared on the surface of the liver, and 

glutathione release was vastly decreased. Glutathione is an antioxidant and a major 

protector of cells against oxidative stress. It is a tripeptide containing the amino acid 

glutamic acid. 

glutathione (unoxidized) glutathione (oxidized) 

Figure 11: Structure of glutathione, an antioxidant molecule produced in the body and used by 1-
cysPrx as a reductant. 
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In perfused rat livers, oxidized glutathione has previously been shown to amplify with 

increases in chemiluminescence. However, at lower levels of luminescence, glutathione 

is a sensitive indicator of hydroperoxide change. 

The origin of the hydroperoxide-induced chemiluminescence signal is most likely 

from the decay of singlet oxygen (0') to its ground state. Singlet oxygen is a more 

reactive form of oxygen which is not bound to another oxygen molecule, like typical 

molecular oxygen (02). This can come from several different locations and reactions. 

However, chemiluminescence from tissues in the body can come from a number of 

different reactions including: (1) singlet oxygen resulting from the reaction between 

primary oxidation products (hydroperoxides) and either secondary or tertiary oxidation 

products or, (2) the reaction between singlet oxygen and double bonds of membrane 

unsaturated fatty acids, forming excited carbonyl groups ready for oxygen release. 

Singlet oxygen can be produced from either the homolytic cleavage of 

hydroperoxides by hemoproteins or from the reaction between oxygen and some 

components of the respiratory chain in mitochondria. Aside from singlet oxygen; 

superoxide (On, hydrogen peroxide (H202), HO' (hydroxyl radical), and hydrocarbon 

radicals can be generated by the aforementioned free radical causing reactions. These 

compounds, themselves, can go on to generate free radical reactions, ultimately leading 

to the formation of hydro peroxides. 
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Figure 12: Process of superoxide and hydrogen peroxide formation in the mitochondrion. 
Reduction of oxygen ultimately leads to formation of water through intermediate radical reactions. 

The method of chemiluminescence is a useful technique, being what is known as 

a noninvasive assay. For the in situ assay, only fiberoptic probes were needed. If such a 

process was performed on, for example, the human heart, a probe would only need to be 

inserted and levels of chemiluminescence could be easily observed. The assay could also 

be performed on any other accessible organ in the body. 

l-Cys Peroxiredoxin Overexpression Protects Cells Against Phospholipid 

Peroxidation-Mediated Membrane Damage (7) 

As mentioned before, peroxidation of membrane phospholipids is a serious 

problem, resulting in phospholipid hydroperoxides (PLOOH). Glutathione is an 

important peptide made in the body that is able to react with lipid hydroperoxides in an 

attempt to reduce them. Unfortunately, glutathione (which is found in the cytosol) cannot 

reverse the oxidation of phospholipid hydroperoxides within the cell membrane. The 

usual method of repair for these PLOOHs involves removal of the problem area by a 

phospholipase, followed by acetylation of the remaining phospholipids, effectively 

sealing the membrane. 
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A better way to repair a PLOOH damaged membrane would be to perform a one-

step reduction to a less dangerous derivative by a compound known as I-cys-

peroxiredoxin, a molecule from a family of molecules called peroxiredoxins. 

Peroxiredoxins are a superfamily of peroxidases that contain reactive cysteine as 

an oxidation-reduction center. These molecules work in conjunction with glutathione, 

allowing it to be used within the membrane and using it as an antioxidant to reduce a 

number of different hydroperoxides. It has been discovered that when a cell 

"overexpresses" or, has a large abundance of, the enzyme I-cys-peroxiredoxin (1-

cysPrx), it has the ability to more effectively reduce H202 within the cell. Before this 

research; however, it was not known that this valuable enzyme could offer protection 

against phospholipid peroxidation. 

Figure 13: 3-D structure of l-cysPrx. The molecule is a homodimer and the thioredoxin domain is 
connected to the C-terminal by a helix and a loop (8). 

The researchers of this experiment used lung cells for two reasons: (1) the lungs 

are usually high in oxidation injury and (2) they also contain increased levels of I-cysPrx. 
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From here, they were able to establish cell lines that overexpressed l-cysPrx, thereby 

demonstrating increased resistance and protection against H202 and HD- oxidative injury. 

Delivery ofHD- to plasma membrane phospholipids was verified by the use of 

DPPP. Through the generation ofphosphatidylcholine hydroperoxides (PCOOH), the 

effect of addition of such antioxidants as Trolox (soluble vitamin E) or Tempol was 

compared with l-cysPrx and its ability as an antioxidant. 

When the PCOOHs were treated with the preceding compounds, it was shown 

that cells which overexpressed l-cysPrx showed less lipid peroxidation via observance of 

formation of the DPPP oxide. This would indicate a more efficient and quicker reduction 

of these damaged membrane phospholipids. Questions as to the effectiveness of 

glutathione had been inconclusive until the point of this experiment, but a decrease in the 

compound significantly lessened the ability of the cells to prevent the lipid peroxidation, 

thereby proving the effectiveness of glutathione as an effective reductant of l-cysPrx. 

The researchers present the theory that l-cysPrx works by reducing oxidized membrane 

phospholipids to alcohol derivatives. From here, these less oxidized membrane 

components could be restored to original form by the addition of such compounds as 

alcohol reductase or phospholipase. 

Other Ways to Prevent Oxidation 

The previous two articles reviewed highlighted (1) detection of lipid 

hydroperoxides and resources used by the body to attempt to halt these and (2) genetic 

abnormalities thought to reverse the effects of lipid peroxidation. The following article 

outlines the connection between diet and the degenerative diseases of aging caused by 

oxidation damage. 
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Oxidants, Antioxidants, and the Degenerative Diseases of Aging (9) 

The degenerative diseases of aging (some mentioned before) include: cancer, 

cardiovascular disease, immune-system decline, brain dysfunction, and cataracts. These 

diseases result mostly from the degradation of somatic cells of the body. Many times, a 

higher basal metabolic rate could affect the level of oxidants present in the body. It has 

been seen that, for instance, in a number of mammals, the level of DNA damage caused 

by oxidation is roughly related to metabolic rate. Along with DNA damage, there are 

other types of naturally occurring forms of damage, some mentioned earlier, including 

escaped free radicals produced from cellular respiration and singlet oxygen species. 

The body has natural enzymes which repair damaged of cells, but these defense 

mechanisms are only so good. It has been estimated that there are approximately 10,000 

oxidative attacks per cell every day in humans. Along with natural mutations in DNA, 

these lesions accumulate with age. Also, the mutation frequency of somatic cells in 

elderly adults is approximately 10 times greater than that of newborn babies. 

Mitochondria, having separate DNA from the nucleus, actually show a greater 

mutation rate. This is thought to be from proximity to the electron transport chain and 

escaped free radicals. Although the cell fights lesions in mtDNA (mitochondrial DNA) 

by a high turnover rate of mitochondria, still the rate of DNA lesions accumulated in 

mtDNA is much higher than that in the nucleus of the same cell. The cell is also host to 

several naturally-occurring oxidants. 

The article sights four sources of naturally occurring oxidants: (1) free radicals 

produced by respiration reactions along the inner mitochondrial membrane, (2) nitrous 

oxide (NO), hypochlorite (OCl), and hydrogen peroxide (H20 2) produced by phagocytic 
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leukocytes, (3) peroxisomes and their subsequent production ofH202, and (4) oxidant by

products of cytochrome P450 enzyme activity. Aside from naturally occurring sources, 

there are many other ways to increase oxidative stress. Smoking is a major cause of 

oxidative stress contributing to a rising rate in cancer, heart disease, and other diseases 

leading to premature death. 

Antioxidants can help protect against disease by limiting the level of reactive 

oxygen species. These antioxidants are a natural mechanism made by the body, 

including such enzymes as superoxide dismutase, catalase, and glutathione peroxidase. 

Oxidized DNA can be repaired by a series of glycosylated proteins (proteins linked to 

saccharides) that specifically repair certain oxidized bases. Proteins that have been 

oxidized are degraded by proteases and lipid hydroperoxides are broken down by 

glutathione peroxidases. 

Other antioxidants are provided by the diet, of which fruit and vegetables are the 

main source. In fact, certain studies dating back to around 1993 correlate the 25% of the 

population surveyed with low fruit and vegetable intake with a doubled cancer rate for 

many different types of cancer. However, the statistics correlate diet and cancer less 

effectively when examining the influence of diet on cancers caused by imbalance of 

hormones, yet some association remains. There is also a strong relationship between 

high fruit and vegetable intake and low rates of cardiovascular disease. 

The specific portion of these protective fruits and vegetables are, in fact, the 

antioxidants, like ascorbate (vitamin C), tocopherol (vitamin E), and carotenoids. 
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tocolilerol ascorbate 

Figure 14: Structures oftocopherol (vitamin E) and ascorbate (vitamin C), two very important 
antioxidants. 

Carotenoids, for example, have been found to protect specifically against singlet oxygen 

oxidation. Also among dietary antioxidants are ubiquinol (reduced form of ubiquinone, 

Coenzyme Q), urate, bilirubin, and carnosine. 

These same antioxidants playa protective role in fighting cancer. It is thought 

that oxidants produced in the body exert their influence by stimulating cell division. 

Thus antioxidants can effectively prevent cancer by halting cell division caused by 

oxidants. Two other common carcinogens, cigarette smoke and chronic inflammation, 

can also be thwarted by the action of such antioxidant agents as tocopherol, carotenoids, 

and ascorbate. They can reduce the stress caused by smoking and destroy the NO 

produced in the inflammation response. 

After examining the previous information on dietary intake of antioxidants, it is 

important to establish guidelines for an optimum level. According to the National 

Academy of Sciences, no less than two vegetables and three fruits per day would suffice. 

It is thought by some that, with such antioxidants as tocopherol and ascorbate, there is no 

such thing as too much intake. Therefore, these people would agree that dietary vitamin 

supplements should be encouraged for the prevention of degenerative diseases. The 

researchers of this article disagree with the recommendation for intake of tocopherol and 

ascorbate, citing that the 60 mg/day ascorbate recommendation is only to avoid 
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deficiencies leading to scurvy, and would not be the optimum amount for a healthy 

lifestyle. 

Besides the average amounts for each person, individual people vary on how 

much of a particular antioxidant they should take. For example, a smoker would 

definitely need to include much more ascorbate than a nonsmoker to account for 

oxidative damage caused by cigarette smoke. The article cites the fact that, at the time 

(in 1993), only 9% of Americans were eating the recommended amount of servings of 

fruit and vegetables every day, meaning that there is much room for improvement. 

Conclusion 

The cell is a very complex entity, indeed. Considering the topic of oxidative 

stress is only one potential harm of the lifespan of a cell, it becomes clear that within this 

microscopic body are contained thousands of proteins (including enzymes), DNA, RNA, 

and many other molecules involved in the life and protection of that cell. 

Oxidative stress is the root behind many of the problems that medicine is faced 

with today. Some of the biggest killers of both men and women include cancer and heart 

disease, while millions of people suffer from arthritis. Therefore, it is of terrible 

importance that more is understood about the oxidative reactions that are the cause of 

these problems, along with the antioxidant cures to protect us from them. 

Chemiluminescence, including fluorescence as monitored by DPPP, is a novel 

discovery giving insight into the problem of recognizing higher than normal levels of 

oxidant molecules, such as lipid hydroperoxides. Higher than normal physiological 

levels of hydroperoxides are still very low relative to many other easily measurable 
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bodily products. It is a wonder that such a difficult process to visualize; that is, 

peroxidation, possesses the capability of chemiluminescence. 

Aside from the phenomenon of a natural chemiluminescent effect by formation of 

hydroperoxides via radical reactions, the cell is yet more impressive in that it produces 

molecules, such as glutathione, that naturally destroy products of free radical reactions 

and are made from amino acids produced by the body. 

Unfortunately, the body can only do its best to protect its cells against oxidative 

stress. During times when there are no inherent mechanisms to prevent it, the body must 

look to outside sources. In the form of a chemical, l-cys-peroxiredoxin is capable of 

reversing the damage caused by oxidative stress when overexpressed, causing the 

oxidized product to be reduced one time into an alcohol, a much less dangerous form of 

membrane lipid. 

Above all else, the best thing that people can do to prevent oxidative stress is to 

follow a healthy diet as best as possible. Fruits and vegetables have been proven to be 

excellent sources of antioxidants such as ascorbate, tocopherol, carotenoids, and 

ubiquinol. These destroyers of oxidative stress products are incredibly important in 

keeping the level of oxidant low within the cell. 

It is the molding of all these methods of identifying and treating oxidants, such as 

lipid hydroperoxides that has enabled scientists to reach the level of understanding they 

have today. Thanks to research from many scientists, certain unique substances can be 

used to detect when hydroperoxides are present. From this understanding of 

hydroperoxides, scientists could further understand the mechanism by which oxidants are 

formed, the body's natural defense against them, and ways to intervene. 
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