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Abstract
When antioxidant defenses are weakened, body cells and tissues become more prone to develop dysfunction
and/or disease. Then, the maintenance of adequate antioxidant levels, but not overdosage, is essential to
prevent or even manage a great number of disease conditions. This review strongly describes and discusses
the use of TAC, total antioxidant capacity test, as a biomarker of disease in biochemistry, medicine, food
and nutritional sciences. In many different pathophysiological conditions (heart and vascular diseases, diabetes mellitus, neurological and psychiatric disorders, renal disorders and lung diseases), TAC could be a
reliable biomarker of diagnostics and prognostics, although several cautions for its use should be carefully
done (choice of apropriate method, use of other antioxidant biomarkers such as cell antioxidants, genetic
antioxidant-response elements (ARE) or antioxidant vitamins, and use of valuable oxidative/nitrosative
biomarkers). TAC could be useful to evaluate nutritional interventions with TAC-rich foods on disease risk
and prevention, including anti-aging strategies.
Key Words: Total antioxidant capacity, cardiovascular, kidney and respiratory diseases, diabetes mellitus,
neurological disorders, nutrition.

Total Antioksidan Kapasitesi: biyomedikal ve besinsel çalışmalarda bir biyomarkör
Özet
Antioksidan savunmalar zayıfladığında vücut hücreleri ve dokuları disfonksiyon ve/veya hastalık
geliştirmeye daha yatkın hale gelirler. Böylece, yeterli antioksidan düzeylerinin doz aşılmadan sürdürülmesi,
çok sayıda hastalık durumunu önlemek ve hatta control altına almak için gereklidir. Bu derleme makale
biyokimyada, tıpta, gıda ve beslenme bilimlerinde bir hastalık biyomarkörü olarak TAC, total antioksidan
kapasite testi, kullanımını anlatmakta ve ve tartışmaktadır. Birçok farklı patofizyolojik durumda (kalp
hastalıkları ve vasküler hastalıklar, diyabet, nörolojik ve psikiyatrik hastalıklar, renal hastalıklar ve akciğer
hastalıkları) kullanımı için çeşitli uyarıların dikkatlice yapılmasının gerekliliğine rağmen (uygun metodun
seçilmesi, hücresel antioksidanlar gibi diğer antioksidanların kullanımı, genetik antioksidan cevap
elementleri (ARE) veya antioksidan vitaminler ve değerli oksidatif/nitrozatif biyomarkörlerin kullanımı)
TAC teşhis ve prognozda kullanılacak güvenilir bir biyomarkör olabilir. TAC, hastalık risklerinin ve
hastalıkların önlenmesi için anti yaşlanma stratejileri de dahil olmak üzere, TAC açısından zengin
yiyeceklerle besinsel müdahaleler gerçekleştirmek üzere kullanılabilir.
Anahtar Sözcükler: Total antioksidan kapasitesi, kardiyovasküler, böbrek ve solunum hastalıkları, diyabet,
nörolojik hastalıklar, beslenme.
_____________________________________________________________________________________
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Introduction
Exceptional advances in biomedical sciences
since the past century gives opportunities to understand the molecular basis of disease that could
result in new strategies for treatment and for
prevention of pathologies. The involvement of
reactive oxygen, nitrogen and chlorine species in
disease states is strongly consolidated. Today,
more than 70 pathologies are intrinsically associated with oxidative stress and its biochemical
consequences, like peroxidation of lipids (measured by its markers, such as malonaldehyde,
MDA, and 4-hydroxynonenal, 4-HNE, between
others), proteins (assessed by protein carbonyls),
nucleic acids (evaluated by oxidative DNA bases)
and carbohydrates (evaluated by glycosilation
products) (Halliwell, 1994; Ferrari, 2000; Ferrari,
2001).
Into the origin of these pathophysiologies
there is a mitochondrial dysfunction and subsequent imbalance between releasing of reactive
oxygen, nitrogen or chlorine species and synthesis of defensive antioxidant capacity systems
from nuclear DNA, resulting in oxidative stress.
Serious consequences of the oxidative stress
include from DNA damage and mutations to cell
death by necrosis or apoptosis (Ferrari, 2000;
Ferrari, 2001).
For many decades researchers have studied
many markers of oxidative stress-associated tissue damage and antioxidant defense, including
measurement of antioxidant enzymes–superoxide
dismutase (SOD), catalase (CAT), glutathione
reductase (GR), glutathione peroxidase (GPx),
ceruloplasmin, and proteins such as metalothionins (Ferrari, 2001). In the beginning of 1990’s,
Miller et al. (1993) had created a new test to
measure the total antioxidant status, which has
been designated as total antioxidant capacity
(TAC). The major advantage of this test is to
measure the antioxidant capacity of all antioxidants in a biological sample and not just the antioxidant capacity of a single compound.
This review will focus on recent applications
of the TAC test in medical and nutritional studies
as well as future possible uses of TAC as a bio-

marker for diagnosis, prognosis and prevention of
diseases.
Understanding the TAC methods
The most common total antioxidant capacity tests
were summarized by Rice-Evans (2000).
In 1996, the research group led by Benzie described the “ferric reducing–antioxidant power”
(FRAP) method, which is very widely used today
(Szeto et al., 2002). The FRAP assay is based on
the reduction of ferric ions to ferrous ions by the
effect of the reducing power of the plasma (or a
sample) constituents measured spectrophotometrically at 593nm.
Another important TAC method is the ORAC
(oxygen radical absorbance capacity). ORAC assay
was developed by Cao’s research team (Cao et al.,
1998). The ORAC method is based on the ability of
plasma constituents to trap peroxyl radicals formed
from thermal decomposition of azo initiators (ABAP-2,2’-azobis[2-amidino propane]) and measurement of fluorescence decay of ß-phycoerythrin (ßPE) (excitation wavelength of 540nm and emission
wavelength of 565nm).
Miller et al. (1993) described the “Troloxequivalent antioxidant capacity” (TEAC) method
which was transformed in a commercial kit by
Randox Laboratories Ltd. (UK). The method is
based on formation of the ABTS•+ cation [2,2’azinobis (3-ethylbenzothiazoline-6-sulfonic acid)]
and its scavenging by antioxidant sample constituents (e. g., serum or food) measured by spectrophotometry (decay of green/blue chromophore absorbance is inversely associated with antioxidant sample content and the control antioxidant is Trolox, a
hydrophilic vitamin E analog). For its relative simplicity and high analytical quality, TEAC kit (Randox) is world wide.
These TAC tests are now widely used in the
analysis of serum, foodstuffs and biological tissues
(Rice-Evans, 2000; Szeto et al., 2002; Paganga et
al., 1999; Percário, 2000; Koch et al., 2002).
When uric acid is present, it strongly influences
the TAC of the sample. To solve this problem, Erel
(2004) reported a new TAC method in which uric
acid influence is much lower. His method is based
on a Fenton-drived reaction where Fe2+-o-
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dianisidine + o-dianisidine reacts with H2O2
yielding Fe3+-o-dianisidine + OH• (hydoxyl radical) + o-dianisidine. Subsequently, the hydroxyl
radical reacts with o-dianisidine to form dianisidyl radicals and, in termination step, the complex non-radical molecules. Total antioxidant
response (TAR) is then measured by spectrophotometry at 444 nm (Erel, 2004). Adom and Liu
(2005) developed the peroxyl radical scavenging
capacity (PSC) method that is based on the thermal degradation of 2,2’-Azobis (amidinopropane)
yielding peroxyl radicals (ROO•) which oxidize
dichlorofluorescein into a fluorescent form. The
degree of fluorescence inhibition by the sample is
measured at 485nm (excitation) and 538nm
(emission) by fluorescent spectrophotometry. A
variant of this method, called cellular antioxidant
activity (CAA), uses the same reagents and
measures fluorescence degree in a cell line
(HepG2) in response to both lypophilic and hydrophilic antioxidants (Wolfe and Liu, 2007).
TAC in respiratory physiology and pathology
In many pulmonary pathophysiological states
(acute bronchospasm, chronic bronchitis, pulmonary emphysema, asthma) there occurs an intense
oxidative stress that is characterized not just by
the presence of oxygen free radicals (superoxide
anion [O2•], hydroxyl radical [OH•], peroxyl radical [ROO•], peroxynitrite [ONOO¯ ], etc), but also
by nitrogen and chlorine reactive species (Hatch,
1995; Percário, 2000; Stanner, 2000). This
stronger oxidative stress induces depletion of
thiol-rich antioxidants, which in turns causes
apoptosis of pulmonary fibroblasts, a phenomenon that could be suppressed by addition of ascorbic acid and the antioxidant enzyme catalase
(Aoshiba et al., 1999). Following this approach, it
has been suggested that the use of thiol-rich substances constitute a promise perspective for the
treatment of chronic asthma (Percário, 2000).
Following this approach, N-acetyl-L-cysteine
(NAC), a GSH precursor, N-acystelyn (NAL), an
antioxidant and mucolytic agent, GSH-esters,
with an ethyl group esterified to the glicine of
GSH, and thiazolidines, cysteine-donor compounds, constitute promissory drugs to treat inflammatory oxidant lung diseases (Rahman and
McNee, 2000). In the same manner, higher apple
consumption, independently of its vitamin C and
E levels, has been associated with an increasing
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pulmonary function, even in patients with chronic
obstructive pulmonary disease (COPD), and these
positive effects have been attributable to the rich
polyphenolic content of this fruit, especially the
quercetin, which is also found in onions, teas
(green and black), grapes and red wines (Stanner,
2000). COPD patients and smokers had lower
plasma values of TAC, but this change did not
correlate with respiratory impairment (Rahman et
al., 2000). Passive smoking children had lower
values of TAC, thiols and vitamin C in plasma
(Aycicek et al., 2005). Compared to non-smokers,
healthy smokers had reduced salivary glutathione
(3.3 µM versus 1.2 µM), although uric acid and
TAC levels were normal (Zappacosta et al., 2001).
This GSH depletion could reflect that it constitutes
the first line of defense in respiratory mucosae
(Kelly, 1999) that preserves uric acid and TAC for
a long-term consumption. This explains, as a defense antioxidant mechanism against smoking, why
the other study reported a slightly higher plasma
TAC in smokers in compared to non-smokers, as
well as the positive association between TAC and
DNA oxidation (Nia et al., 2001).
In an experimental bronchospasm model with
guinea-pigs lower lung and serum levels of TAC,
CAT, lower lung levels of SOD and nitric oxide,
and increased lung levels of uric acid has been
observed compared to the controls (Percário,
2000). Asthma, a chronic inflammatory lung disease, characterized by higher levels of protanoids,
leukotrienes, ROS, HOCl and NOS (Ryrfeldt et al.,
1993), also induces alterations in antioxidant enzymes (SOD, GPX, GR) (Matés et al., 2000), although red blood cell CAT activity and TAC could
not be altered in asthmatic patients (Nadeem et al.,
2003). In contrast, a small but significant decrease
in plasma TAC was found in asthma patients with
chronic evolution (Pinto et al., 2006). This could be
explained by the fact that severe asthma is associated with low plasma levels of vitamin C and
billirubin, and high plasma levels of cholesterol
(Misso et al., 2005).
Other acute and chronic lung diseases can
present changes in total antioxidant defenses. Lower levels of TAC, vitamin A, and E have been
found in patients with obstructive sleep apnoea
syndrome (Barceló et al., 2006). Luzir lung capacity was associated with decreased plasma total antioxidant capacity in welding workers (Fidan et al.,
2005). Untreated tuberculosis patients had decreased blood levels of vitamins C, E and A and
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thiols when compared to healthy subjects (Madebo et al., 2003). Total antioxidant capacity was
also found to be diminished in active tuberculosis
patients, although antiobiotic therapy has reversed that decline (Wiid et al., 2004). Cystic
fibrosis patients frequently have higher oxidative
stress, as assessed by increasing levels of thiobarbituric acid reactive substances (TBARS), and
decreasing retinol, alpha-tocopherol, betacarotene (Benabdeslam et al., 1999), GSH (Gao
et al., 1999), and TEAC values (Lands et al.,
2000). Still considering cystic fibrosis, it is important to remember that GSH depletion occurs
through a failure in its transport by airway epithelia (Gao et al., 1999), and that GSH aerosol administration inhibits ROS releasing by inflammatory cells in respiratory mucosae (Roum et al.,
1999). The kinetics of lung antioxidant defense in
the presence of free radical sources (cigarette
smoke, environmental/occupational toxic vapors,
diseases, etc) and possible protective roles of
synthetic (N-acetyl-cystein) or natural antioxidants should be studied by using TAC.
TAC and diabetes diagnostics, prognostics and
prevention
Although the relationships between oxidative
stress, antioxidant defense and diabetes mellitus
pathophysiology are too much complex and not
fully resolved, the involvement of free radical
mechanisms is well proved (Ferrari, 2001). It has
been reported that insulin-dependent diabetes
mellitus (IDMM) patients presented significantly
higher levels of oxidized DNA than control subjects (Dandiona et al., 1996). Is there some relationship between DNA oxidation and TAC in
diabetes and other diseases? The question remains to be determined.
Diabetes mellitus patients with or without
proteinuria had much lower serum TAC values
than control subjects (1.7 mmol/L and 1.4
mmol/L versus 2.7 mmol/L) (Opara et al., 1999).
This was further confirmed by Shin et al. (2006)
who reported an inverse association between
insulin resistance and plasma levels of TAC, βcarotene and γ-tocopherol in non-diabetic hypercholesterolemic patients. A previous study revealed an inverse correlation between TAC and
glycated hemoglobin, a relationship sustained by
uric acid and vitamin A concentrations (Maxwell
et al., 1997). Non-IDDM patients in Ghana pre-

sented lower values of TAC and these were inversely associated with fasting plasma glucose
(Dosso et al., 2001).
A 75 year old male ketoacidosis IDDM insulindependent diabetic patient presented vomiting,
thirst and polyuria at day of hospital admission.
Serum biochemical analysis revealed mild α–
tocopherol and β–carotene deficiencies, but normal
TAC values as a consequence of higher blood urate
levels (Johnston and Miller, 1998).
In 47 elderly non-IDDM, lipid hydroperoxide
levels were higher than those observed in healthy
elderly and young subjects (7.02 ± 2.29 µmol/L vs.
3.14 ± 1.50 µmol/L and 2.14 ± 1.38 µmol/L, respectively), GSH values were decreased compared
to healthy young subjects (0.29± 0.09 µmol/L vs.
0.54 ± 0.19 µmol/L), and decreased values of TAC
was also observed compared with the young group
(386.4 ± 99.8 vs. 471.47± 94.29 µmol/L trolox
equivalents) (Nutall et al., 1999). Higher lipid peroxidation and SOD levels and lower TAC and
antioxidant enzyme levels (CAT and GPX) were
observed in type 2 diabetic patients (Jandric-Balen
et al., 2004; Rani et al., 2005). Plasma TAC was
inversely associated with thrombosis markers (fibrinogen and prothrombins) in non-insulindependent diabetic patients (Ceriello et al., 1997).
In diabetic patients with peripheral artery disease
there were increased levels of lipid peroxidation
and advanced glycation end products and decreased
values of plasma TAC (Lapolla et al., 2007).
Type I diabetes mellitus patients with coronary
artery calcification had lower TAC values than
those observed in blood samples from type 1 diabetes patients without vascular damage (Valabhji
et al., 2001). In the same manner, type 1 diabetic
children presented lower levels of total antioxidant
capacity and GSH, whereas blood lipid peroxidation was found to be increased (Varvarokská et al.,
2003).
Pancreatic protection depends on higher levels
of antioxidant enzymes, since cytoplasmic values
of GPX, SOD and CAT were reduced in chronic
pancreatitis and pancreatic carcinoma cells as compared to normal pancreatic tissue (Cullen et al.,
2003).
Gliclazide (a sulfonylurea derivative) administration, during 12 weeks, decreased plasma lipid
peroxides, increased plasmatic TAC and reduced
both systolic and diastolic blood pressure in type 2
diabetes mellitus patients (De Mattia et al., 2003).
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In a cohort study with a sample population of
9,665 people, the group that consumed five or
more portions of fruits and vegetables had 27%
reduced risk of develop diabetes mellitus than
people who did not consume; and this decreasing
of diabetes mellitus risk got 46%, considering just
women (Ford et al., 2001). The next step in research is to incorporate TAC as a marker of dietary antioxidant, weight loss and exercise interventions to better evaluate preventive strategies for
diabetes.
TAC in heart and vascular system
Evaluating TAC by total reactive antioxidant
potential (TRAP) test, authors observed that liver
homogenates (3900 µM Trolox-Equivalent/Kg of
tissue) had better TAC than kidney (2700
µMTE/Kg), followed by brain (1700 µMTE/Kg)
and heart (320 µMTE/Kg), which was the most
vulnerable tissue to antioxidants (Evelson et al.,
2001). Among all determined antioxidants in
tissue homogenates, GSH presented the highest
concentrations and accounted for the most TRAP
values (Evelson et al., 2001). Then, patients with
cardiomiopathy had decreased TAC by 17%
composed to control subjects (Sofic et al., 2002).
Atherosclerosis patients had decreased erythrocyte glutathione (2.80 versus 5.82 µmolGSH/g
Hb), serum vitamin C (1.00 versus 1.62 mg/dL),
TAC (0.86 versus 1.43 mmol/L) and increased
MDA concentrations (4.26 versus 1.02 nmol/mL)
(Tamer et al., 2002). Coronary artery disease
patients had lower serum levels of TAC, retinol,
HDL, albumin and total protein, whereas αtocopherol and α/γ-tocopherol ratio was higher
than in control subjects (Nojiri et al., 2001).
These authors also observed an inverse association between TAC and the number of damaged
vessels, in logistic regression analysis only low
levels of HDL were significantly associated with
CAD risk. Other research reported increased
DNA damage in the nucleus of coronary cells and
decreased plasma TAC in coronary artery disease
patients (Demirbag et al., 2003), confirming previous data from patients submmitted to coronary
angioplasty which had presented lower TAC and
higher lipid peroxidation plasma levels (Buffon et
al., 2000).
The pathological role oxidative stress in vascular diseases is well recognized (Madamanchi et
al., 2005). Hypertensive patients were found to
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have increased blood lipid peroxidation values and
lower TAC levels (Kashyap et al., 2005). In the
same study, TAC was negatively associated with
diastolic blood pressure. The same results were
reproduced spontaneously in hypertensive rats,
where TAC values of brain, heart, liver and kidney
were found to be lower than in normal rats (Sun et
al., 2006). In salt-sensitive renal hypertensive rats
the increased oxidative stress is associated with
decreased plasma nitric oxide and TAC bioavailability (Manning Jr et al., 2003). An interesting
approach to treat hypertension is represented by a
low-sodium, high fruit/vegetable and low-calorie
diet, the so-called Dietary Approaches to Stop
Hypertension (DASH diet) (Appel, 2003). In obese
hypertensive patients the DASH diet decreased the
blood pressure and lipid peroxidation, and increased TAC of plasma (Lopes et al., 2003). Pharmacological use of atorvastatin (10 mg/kg) to slow
down blood lipids significantly decreased autoantibodies against oxidized LDL (18.7%) and enhanced the lag time of LDL (time that precedes
LDL oxidation) (31.3%) and the TAC (7.6%)
(Orem et al., 2002).
TAC in chronic renal injury
When kidney suffers from ischemic-reperfusion
injury, there is significant depression of antioxidant
enzyme levels (SOD, CAT and GPX) (Dobashi et
al., 2000). In rats with acute renal failure, severe
decline in total antioxidant capacity was observed
which was reversed spontaneuosly after 72h
(Fernández-Fúnez et al., 2003).
Chronic renal disease patients which were admitted to hemodialysis, presented enhanced levels
of MDA and oxidized glutathione (GSSG), and
decreased concentrations of GSH and GPx, without
any changes in plasma levels of TAC, vitamins A
and E (Drai et al., 2001). A possible explanation
for the maintenance of CAT levels in these patients
is that, vitamin A and E concentrations remain
stable, once oxidative stress would first deplete
endogen or intracellular antioxidants to a further
consumption of extracellular substances. But
another clinical study reported that TAC measured
even by TEAC, than FRAP was higher in hemodialysis patients compared with control group. Although MDA and 4-HNE levels were also increased, plasma thiols were lower and α–
tocopherol was not altered (Gerardi et al., 2002).
After hemodialysis, plasma levels of thiols, MDA,
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4-HNE and TAC were normalized. Similar results were found by Samouilidou and Grapsa
(2003). These agree with the observations that
TAC was higher in patients with chronic renal
injury, as a result of serum urea accumulation
(Bergesio et al., 1998).
These studies confirm previous findings associating significantly increasing serum TAC levels
with progression of chronic renal failure and this
elevated TAC levels were strongly correlated to
both serum creatinine and uric acid levels (Sofic
et al., 2002). However, lipid peroxidation was not
associated with TAC. Because of these facts,
authors concluded that increased TAC was related to uric acid accumulation (uremia) resulted
from chronic renal failure. In 37 chronic renal
failure patients endothelial vasodilatation was
positively associated with serum total antioxidant
capacity and negatively correlated with lipid
peroxidation markers (Annuk et al., 2001). Children with nephrotic syndrome presented lower
blood levels of both total antioxidant capacity and
GSH which were associated with increased rates
of T lymphocyte apoptosis (Zachwieja et al.,
2003). In kidney transplantation, insulin administration can partially recover the decay of plasma
TAC (Monge et al., 2007).
TAC in neurological and psychiatric diseases
The role of free radicals in neurological diseases
are well established (Halliwell, 1994; Ferrari,
2000). A clear inverse association between plasma TAC and degree of neurological damages
induced by ischemic-reperfusion injury is wellestablished (Leinonen et al., 2000). Ischemic
stroke patients had lower levels of blood TAC
(Gariballa et al., 2002). Plasma TAC in schizophrenic patients was lower compared to control
subjects, and significantly inversely correlated
with the severity of symptoms (Yao et al., 1998).
In 1998, it was reported that psychological
stress increases oxidative stress, measured by
MDA, a lipid peroxidation marker (Schneider et
al., 1998). Could psychological stress decrease
TAC and reduce the antioxidants in the brain? In
this sense, Sivonová et al. (2004) reported that the
stress of tests caused increase of DNA oxidation
and lipid peroxidation as well as decrease of total
antioxidant capacity of plasma in university students. The stress induced by shift work was asso-

ciated with decreased total antioxidant capacity in
night shift working (Sharifian et al., 2005).
Decreased levels of TAC were observed in anorexia nervosa (24%), AIDS-associated encephalopathy (20%), cardiomyopathy (17%) and diabetic
polyneuropathy (13%). However, plasma TAC
levels of patients with Alzheimer’s disease, Parkinson’s disease, depression, and schizophrenia were
all unchanged (Sofic et al., 2002). These results
confirm previous findings that Alzheimer’s disease
and vascular dementia patients did not have TAC
changes in comparison to control groups, although
vitamin C and vitamin E deficiencies were observed in vascular dementia and Alzheimer’s disease patients, respectively (Sinclair, 1998). However, Yanik et al (2004) reported decreased TAC
and increased peroxidation in the blood of depressive patients; the severity of disease was positively
associated with oxidative stress levels.
Contradicting the results presented above, authors reported decreased levels of TAC, SOD and
GPx in Parkinson’s disease patients compared to
controls, whereas no changes were observed in the
plasma levels of vitamins A, C and E between two
groups (Yuan et al., 2000). These remarkable divergences could be attributable to the differences in
clinical stages and/or genetic and environmental
factors (mainly diet) between the Parkinson’s disease patients and re-enforce the importance of new
studies that could evaluate TAC in all clinical stages of disease.
Although TAC was not evaluated, it was reported that epilepsy patients had lower erythrocyte
glutathione reductase and plasma vitamins A and C
levels than the control group (Shuda et al., 2001).
Epileptic patients presented higher levels of erythrocyte MDA, ceruloplasmin and hemolysis than
control subjects. TAC could be useful in future
studies of epilepsy. It should be emphasized that
TAC could not be applied for the diagnosis of all
neurological diseases (Alam et al., 2000).
TAC and cancer
The role of oxidative damage in cancer is well
established, with a great number of pathobiochemical pathways that lead to free radical DNA damage
and cellular neoplastic transformation (Ferrari,
2001). An interesting example was a study that
observed an increase in TAC after surgical removal
of lung cancer (Erhola et al., 1998). Notwithstand-
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ing there is not a homogenous manifestation of
oxidative damage among different types of cancer.
Pleural effusion culture of lymphocytes from
carcinoma patients presented lower levels of TAC
and higher degree of DNA oxidative damage (Liu
et al., 2003). Children with bone cancer, Burkitt’s
lymphoma and large cell lymphoma, but not
acute myelogenous leukemia, had higher plasma
levels of MDA (Yazdanpanah et al., 1997), as
well as in mammographic dysplastic women in
comparison to cancer-free groups (Boyd and
McGuire, 1991). Patients with fibroadenoma and
adenocarcinoma of the breast had increased levels
of plasma and erythrocyte MDA and decreased
concentrations of GSH and vitamins C and E
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(Kumaraguruparan et al., 2002). In a recent study,
it was observed that breast cancer patients had
higher lipid peroxidation levels and lower blood
TAC (Sener et al., 2006). Another female cancer,
the cervical intraepithelial neoplasia, was also associated with lower blood antioxidant capacity
levels (Chung et al., 2004). However, a study revealed that both control and childhood cancer patients have the same blood TAC levels, whereas
chemotherapy has deteriorated antioxidant capacity
of plasma (Papageorgiou et al., 2005).
In contrast to those studies, patients with oral
squamous cell carcinoma had lower levels of
MDA, catalase and SOD, and higher concentrations of GSH and GPx (Nagini et al., 1998). It
reflects that in this cancer type, an antioxidant

Figure 1. Pathophysiology and prevention of Total Antioxidant Capacity decay. (Arrows: stimulation, Head arrow:
inhibition)
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environment is crucial for neoplastic development. In the same manner, it is well recognized
that high antioxidant capacity is essential for
tumor survival against paclitaxel chemotherapy
(Ramanathan et al., 2005).
In a case-control study (Ching et al., 2002)
that evaluated possible breast cancer risk factors,
the comparison of the higher against the lower
quartiles of serum β-carotene, retinol, bilirubin
and TAC revealed the following odds ratios,
respectively: 0.47; 0.53; 0.50; and 0.47. This
means that women with high TAC had 53% lesser risk to develop breast cancer.
In both poor and well-differentiated gastric
adenocarcinomes, TAC levels were found to be
decreased. On the other hand, DNA oxidation,
measured by 8-hydroxy-deoxyguanosine (8-OHdG), was increased in relation to the control
group (Su et al., 2001).
Recently, it was observed that TAC was 2.45fold lower in the brain of patients with glioblastoma compared to normal controls, whereas oxidative damage to cell DNA was remarkably higher
(2.15-fold) than the control group (Tuzgen et al.,

2007). Thus, TAC could be useful for better understanding the possible roles of antioxidant-oxidant
involvement in cancers.
TAC in other pathophysiologies
In chronic inflammatory enteropathies (Crohn’s
disease), histologic levels of TAC were decreased
in relation to control subjects (Koch et al., 2002;
Koutroubakis et al. 2004). In patients with periodontal diseases it was observed that TAC of saliva
is 40% lower compared to healthy controls (DiabLadki et al., 2003). Analysis of oxidative stress
multiple sclerosis patients revealed increased oxidation to LDL and decreased levels of TAC (Besler
and Çornoglu, 2003). Studying the oxidative stress
in male infertility, its was found that seminal levels
of reactive oxygen species in infertile males were
significantly higher than in controls. Control subjects had seminal TAC values at least 1,41 fold
higher than that found in infertile males; and sperm
concentration was negatively associated with reactive oxygen species, with exception of idiopathic
infertility (Pasqualotto et al., 2000). Figure 1 sum-

Table 1. Total Antioxidant Capacity in foods (µmol Trolox-Equivalent/100g or 100ml). -just one mean available;
*
µmol gallic acid equivalents/100mL (Paganga et al.,1999; Halvorsen et al., 2002; Proteggente et al., 2002; Szeto et
al., 2002; Ishimoto et al., 2006)

Food
apple (green)
apple (red)
banana
butter cabagge
carrot
common beans
eggplant
lemon
lettuce
onion
orange
papaya
red beet
onion
orange
red pepper
red wine (dry)*
tomato
watermelon

Minimum mean values for
TAC
630
150
181
90
40
330
170
1020
88
432
849
432
849
160
-

Maximum mean values for
TAC
630
640
420
492
166
410
490
1040
340
670
1140
620
1980
670
1140
40
247800*
310
620
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marizes the importance of TAC in many pathophysiological states, aging and the prospects for
nutritional prevention of diseases.
Nutritional interventions to improve total
antioxidant capacity
The role of antioxidant nutrients in fighting
against oxidative stress is well-established in a
great number of diseases including cancer, cardiovascular and neurological pathologies (Ferrari
and Torres, 2003; Ferrari, 2004). In this sense,
researchers had materially proved that following
consumption of diets rich in fruits and vegetables
there was an increase in serum TAC (Cao et al.,
1998). For example, high tomato consumption
potentially increased total antioxidant capacity of
healthy subjects (Tyssandier et al., 2004). In a
similar concern, adherence to Mediterranean
dietary practices was positively associated with
TAC levels and negatively associated with oxidation of the atherogenic LDL-cholesterol (Pitsavos
et al., 2005). These higher TAC values of foods
in Mediterranean diet could in part explain why
adherence to this diet reduces mortality risk by
8% according to EPIC multicenter cohort study
(Trichopoulou et al., 2005). However, depending
on the type of food, duration of nutritional intervention and antioxidant concentration of foods
the nutritional administration can not be sufficient
to impact total antioxidant capacity of plasma
(Pellegrini et al., 2000; van der Berg et al., 2001).
Then, there is an increased interest of many research groups to evaluate TAC of foods (Paganga
et al., 1999; Halvorsen et al., 2001; Proteggente et
al., 2002; Szeto et al., 2002). TAC of Brazilian
red wine, rich in polyphenolics, is very high
(Ishimoto et al., 2006) when compared with other
foods summarized in Table 1.
It should be emphasized that the roles of new
antioxidants (mainly poyphenolics, such as quercetin, luteolin, kaempferol, anthocyanins, tea
catechins, tomato licopene) in decreasing disease
risk and maintenance of a healthy adequate physiological status have been recognized from the
early age until aging (Ferrari and Torres, 2003;
Ferrari, 2004). Apple extracts (rich in polyphenolics), with have higher TAC, were able to suppress proliferation of colon cancer cells (Eberhardt et al., 2000). Dietary supplementation with
lyophilized apples decreased total plasma choles-
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terol, as well as hepatic cholesterol and urinary
MDA, and increased serum TAC (Aprikian et al.,
2001).
Its important to remember that a minimum of
oxidant stress is necessary to maintain the integrity
of biological systems, with a physiologic concentration of superoxide (Clément and Pervaiz, 1999)
once the normal cellular environment is reduced
(Gutteridge, 1999). This explains why high antioxidant supplementation have failed to improve
health and is not recommended (McCall and Frei,
1999; Falsini et al., 2003; Jialal and Devaraj, 2003;
Kris-Etherton et al., 2004; Yaffe et al., 2004). Excessive amounts of vitamin antioxidants can trigger
oxidative stress damaging the cell DNA (Donnelly
et al., 1999). In the same direction, excessive vitamin E supplementation can increase human mortality (Miller et al., 2005). Further, excessive total
antioxidant status can have serious consequences.
For example, failure of ovulation in polycyistic
ovarian syndrome patients was positively associated with TAC levels (Verit et al., 2007). Then,
although it is important to improve body TAC by
means of a healthy diet, pharmaceutical supplementation should be avoided.
Perspectives and conclusions
Besides the consolidated role of oxidative stress in
AIDS, malaria infection, chemical and physical
intoxications (metals, pollutants, etc), mitochondrial aging processes and many other pathophysiological states (Ferrari, 1998; Fukagawa, 1999; Shankar
et al., 1999; Ferrari, 2004; Barja et al., 2005; Pamplona et al., 2005), the beneficial roles of antioxidant protection on TAC and disease progression
were not completely measured. In renal injury
research, the kinetics of oxidative injury and antioxidant defense should be better studied.
Then, TAC evaluation, used with other oxidative stress and antioxidant defense biomarkers,
constitutes the first step in search for a healthy
body status.

References
Adom KK and Liu RH. Rapid peroxyl radical scavenging capacity (PSC) assay for assessing both
hydrophilic and lipophylic antioxidants. J Agric
Food Chem. 53:6572-80, 2005.

10
A

Carlos Kusano and Bucalen Ferrari

Alam ZI, Halliwell B and Jenner P. No evidence
for increased oxidative damage to lipids, proteins, or DNA in Hutington’s disease. J Neurochem. 75:840-846, 2000.
Annuk M, Zilmer M, Lind L, Linde T and
Fellström B. Oxidative stress and endothelial
function in chronic renal failure. J Am Soc
Nephrol. 12:2747-2752, 2001.
Aoshiba K, Yasui S, Nishimura K and Atsushi N.
Thiol depletion induces apoptosis in cultured
lung fibroblasts. Am J Respir Cel Mol Biol.
21:54-64, 1999.
Appel LJ. Lifestyle modification as a mean to
prevent and treat high blood pressure. J Am
Soc Nephrol. 14(Suppl 2):S99-S102, 2003.
Aprikian O, Levrat-Verny M-A, Besson C, Busserolles J, Rémésy C and Demigné C. Apple
favourably affects parameters of cholesterol
metabolism and of anti-oxidative protection in
cholesterol-fed rats. Food Chem. 75:445-452,
2001.
Aycicek A, Erel O and Kocyigit A. Increased
oxidative stress in infants exposed to passive
smoking. Eur J Pediatr. 164:775-778, 2005.
Barceló A, Barbé F, de la Peña M, Vila M, Pérez
G, Piérola J, Durán J and Agusti AGN. Antioxidant status in patients with sleep apnoea
and impact of continous positive airway pressure treatment. Eur Resp J. 27:756-760, 2006.
Barja G. Radicales libres de origem mitocondrial
y longevidad. An R. Acad Nac Farm. 71:783798, 2005.
Benabdeslam H, Abidi H, Garcia I, Bellon G,
Gilly R and Revol A. Lipid peroxidation and
antioxidant defenses in cystic fibrosis patients. Clin Chem Lab Med. 37: 511-516,
1999.
Bergesio F, Monzani G, Ciuti R, Pinzani P, Fiaschi N, Priami F, Cirami C, Ciccarelli C and
Salvadori M. Total antioxidant capacity
(TAC): is it an effective method to evaluate
the oxidative stress in uraemia? J Biolumin
Chemilumin. 13:315-319, 1998.
Besler HT and Çornoglu S. Lipoprotein oxidation, plasma total antioxidant capacity and
homocysteine level in patients with multiple
sclerosis. Nutr Neurosci. 6:189-196, 2003.
Boyd NF and McGuire V. The possible role of
lipid peroxidation in breast cancer. Free Rad
Biol Med. 10:185-190, 1991.
Buffon A, Santini SA, Ramazzotti V, Rigattieri S,
Liuzzo G, Biasucci LM, Crea F, Giardina B

and Maseri A. Large, sustained cardiac lipid peroxidation and reduced antioxidant capacity in
the coronary circulation after brief episodes of
myocardial ischemia. J Am Col Cardiol.
35:633-639, 2000.
Cao G, Booth S, Sadowsky JA and Prior RL. Increases in human plasma antioxidant capacity
after consumption of control diets high in fruit
and vegetables. Am J Clin Nutr. 68:1081-1087,
1998.
Ceriello A, Bortolotti N, Pirisi M, Crescentini A,
Tonutti L, Motz E, Russo A, Giacomello R, Stel
G and Taboga C. Total plasma antioxidant capacity predicts thrombosis-prone status in
NIDDM patients. Diabet Care. 20:1589-1593,
1997.
Ching S, Ingram D, Hahnel R, Beilby J and Rossi
E. Serum levels of Micronutrients, Antioxidants
and Total Antioxidant Status predict Risk of
Breast Cancer in a Case Control Study. J Nutr.
132:303-306, 2002.
Chung HW, Kim TJ, Lee KH, Lee GJ and Ahn HS.
Antioxidant vitamins intake and antioxidant
system in exfoliated cervicovaginal cells of the
patient with cervical intraepithelial neoplasia.
Korean J Obstet Gynecol. 47:2415-2423, 2004.
Clément MV and Pervaiz S. Reactive oxygen intermediates regulate cellular response to apoptotic stimuli: an hypothesis. Free Rad Res.
30:247-52, 1999.
Cullen JJ, Mitros FA and Oberley LW. Expression
of antioxidant enzymes in diseases of the human pancreas: another link between chronic
pancreatitis and pancreatic cancer. Pancreas.
26: 23-27, 2003.
Dandiona P, Thusu K, Cook S, Snyder B, Makowski J, Armstrong D and Nicotera T. Oxidative damage to DNA in diabetes mellitus. Lancet. 347:444-445, 1996.
De Mattia G, Laurenti O, Fava D. Diabetic endothelial dysfunction: effect of free radical scavenging in Type 2 diabetic patients. J Diabet
Complicat. 17(2 suppl.):30-35, 2003.
Demirbag R, Yilmaz R and Kocyigit A. Relationship between DNA damage, total antioxidant
capacity and coronary artery disease. Mutat
Res. 570:197-203, 2005.
Diab-Ladki R, Pellat B and Chahine R. Decrease in
the total antioxidant activity of saliva in patients
with periodontal diseases. Clin Oral Invest.
7:103-107, 2003.

Total antioxidant capacity

Dobashi K, Ghosh B, Orak JK, Singh I and Singh
AK. Kidney ischemia-reperfusion: modulation of antioxidant defenses. Mol Cell Biochem. 205: 1-11, 2000.
Donnelly ET, McClure N and Lewis SEM. The
effect of ascorbate and α-tocopherol supplementation in vitro on DNA integrity and hydrogen peroxide-induced DNA damage in
human spermatozoa. Mutagenesis. 14: 50512, 1999.
Dosoo D K, Rana S V, Offe-Amoyaw K, TeteDonkor D and Maddy SQ. Total antioxidant
status in non-insulin-dependent diabetes mellitus patients in Ghana. West Afric J Med.
20:184-186, 2001.
Drai J, Bannier E, Chazot C, Hurot JM, Goedert
G, Jean G, Charra B, Laurent G, Baltassat P
and Revol A. Oxidants and antioxidants in
long-term haemodialysis patients. Il Farmaco.
56:463-465, 2001.
Eberhardt MV, Lee CY and Liu RH. Antioxidant
activity of fresh apples. Nature. 405:903-904,
2000.
Erel O. Novel automated method to measure total
antioxidant response against potent free radical reactions. Clin Biochem. 37:112-119,
2004.
Erhola M, Nieminen MM, Kellokumpu-Lehtinen
P, Huusari H, Alanko K, Metsä-Ketelä T and
Alho H. Effects of surgical removal of lung
cancer on total plasma antioxidant capacity in
lung cancer patients. J Exp Clin Canc Res.
17:219-225, 1998.
Evelson P, Travacio M, Repetto M, Escobar J,
Llesuy S and Lissi EA. Evaluation of Total
reactive antioxidant potential (TRAP) of tissue homogenates and their cytosols. Arch Biochem Biophys. 388:261-266, 2001.
Falsini B, Piccardi M, Iarossi G, Fadda A, Merendino E and Valentini P. Influence of shortterm antioxidant supplementation on macular
function in age-related maculopathy. A pilot
study including electrophysiologic assessment. Ophthalmology. 110:51-60, 2003.
Fernández-Fúnez A, Polo FJ, Broseta L, Atienza
MP, Mora A and Gascón FG. Evolution of total antioxidant status in a model of acute renal
insufficiency in rats. Renal Fail. 25:535-543,
2003.
Ferrari CKB. Lipid oxidation in food and biological systems: general mechanisms and nutri-

A
11

tional and pathological consequences. Rev Nutr.
11:3-14 (in portuguese), 1998.
Ferrari CKB. Free radicals, lipid peroxidation and
antioxidants in apoptosis: implications in cancer, cardiovascular and neurological diseases.
Biologia Cel Mol. 55: 581-590, 2000.
Ferrari CKB. Oxidative stress pathophysiology:
Searching for an effective antioxidant protection. Int Med J. 8:175-184, 2001.
Ferrari CKB. Functional foods, herbs and nutraceuticals: towards biochemical mechanisms of
healthy aging. Biogerontology. 5:275-289,
2004.
Ferrari CKB and Torres EAFS. Biochemical Pharmacology of functional foods and Prevention of
chronic diseases of aging. Biomed Pharmacother. 57:251-260, 2003.
Fidan F, Ünlü M, Köken T, Tetik L, Akgün S,
Demirel R and Serteser M. Oxidant-antioxidant
status and pulmonary function in welding
workers. J Occup Health. 47:286-292, 2005.
Ford ES and Mokdad AH. Fruit and vegetable
consumption and diabetes mellitus incidence
among U.S. adults. Prev Med. 32:33-39, 2001.
Fukagawa NK. Aging: Is oxidative stress a marker
or is it causal? Proc Soc Exp Biol Med.
222:293-298, 1999.
Gao L, Kim KJ, Yankaskas JR and Forman HJ.
Abnormal glutathione transport in cystic fibrosis airway epithelia. Am J Physiol. 277:L113L118, 1999.
Gariballa SE, Hutchin TP and Sinclair AJ. Antioxidant capacity after acute ischemic stroke. QJM.
95:685-690, 2002.
Gerardi G, Usberti M, Martini G, Albertini A,
Sugherini L, Pompella A and Di LD. Plasma total antioxidant capacity in hemodialyzed patients and its relationships to other biomarkers
of oxidative stress and lipid peroxidation. Clin
Chem Lab Med. 40:104-110, 2002.
Gutteridge JMC. Does redox regulation o f cell
function explain why antioxidants perform so
poorly as therapeutic agents? Redox Rep. 4:12931, 1999.
Halliwell B. Radicales libres, antioxidantes y
enfermedad humana: Curiosidad, causa o
consecuencia? Lancet (ed. española). 26:109113, 1994.
Halvorsen BL, Holte K, Myhrstad MCW, Barikmo
I, Hvattum E, Remberg SF, Wold A-B, Haffner
K, Baugerød H, Andersen LF, Moskaug JØ, Jacobs DR and Blomhoff R. A Systematic screen-

12
A

Carlos Kusano and Bucalen Ferrari

ing of Total Antioxidants in dietary plants. J
Nutr. 132:461-471, 2002.
Hatch GE. Asthma, inhaled oxidants, and dietary
antioxidants. Am J Clin Nutr. 61 (Suppl):625305, 1995.
Ishimoto EY, Ferrari CKB, Bastos DHM, Torres
EAFS. In vitro antioxidant activity of Brazilian wines and grape juices. J Wine Res. 17:
107-115, 2006.
Jandric-Balen M, Bozikov V, Bozikov J, Metelko
Z, Jandric I and Romic Z. Impact of glycemic
control on antioxidant enzyme activity in patients with type 2 diabetes mellitus. Diabetol
Croatica. 33:131-135, 2004.
Jialal I and Devaraj S. Antioxidants and atherosclerosis. Don’t throw out the baby with the
bath water. Circulation.107:926-8, 2003.
Johnston JD and Miller NJ. Temporal changes of
serum antioxidant concentrations in a patient
with diabetic ketoacidosis. Clin Chem.
44:2217-2219, 1998.
Kashyap MK, Yadav V, Sherawat BS, Jain S,
Kumari S, Khullar M, Sharma PC and Nath R.
Different antioxidant status, total antioxidant
power and free radicals in essential hypertension. Mol Cell Biochem. 277:89-99, 2005.
Kelly FJ. Gluthathione in defense of the lung.
Food Chem Toxicol. 37:963-966, 1999.
Koch TR, Stryker SJ, Telford GL and Opara EC.
Total antioxidant capacity is reduced in
Crohn’s disease. Nutr Res. 22:825-833, 2002.
Koutroubakis IE, Malliaraki N, Dimoulios PD,
Karmiris K, Castanas E, Kouroumalis EA.
Decreased total and corrected antioxidant capacity in patients with inflammatory bowel
disease. Dig Dis Sci. 49:1433-1437, 2004.
Kris-Etherton PM, Lichtenstein AH, Howard BV,
Steinberg D, Witztum JL. Antioxidant vitamin
supplements and cardiovascular disease. Circulation. 110:637-41, 2004.
Kumaraguruparan R, Subapriya R, Kabalimoorthy J, Nagini S. Antioxidant profile in the circulation of patients with fibroadenoma and
adenocarcinoma of the breast. Clin Biochem.
35:275-279, 2002.
Lands LC, Grey VL, Grenier C. Total plasma
antioxidant capacity in cystic fibrosis. Pediatr
Pulmonol. 29: 81-87, 2000.
Lapolla A, Piarulli F, Sartore G, Ceriello A, Ragazzi E, Reitano R, Baccarin L, Laverda B,
Fedele D. Advanced glycation end products
and antioxidant status in type 2 diabetic pa-

tients with and without peripheral artery disease. Diabet Care. 30:670-676, 2007.
Leinonen JS, Ahonen J-P, Lönnrot K, Jehkonen M,
Dastidar P, Molnár G, Alho H. Low Plasma
Antioxidant Activity is associated with high lesion volume and neurological impairment in
Stroke. Stroke. 31:1889-1892, 2000.
Liu X, Zhao J, Zheng R. DNA damage of tumorassociated lymphocytes and total antioxidant
capacity in cancerous patients. Mutat Res.
539:1-8, 2003.
Lopes HF, Martin KL, Nashar K, Morrow JD,
Goodfriend TL, Egan BM. DASH diet lowers
blood pressure and lipid-induced oxidative
stress in obesity. Hypertension. 41: 422-430,
2003.
McCall MR, Frei B. Can antioxidant vitamins materially reduce oxidative damage in humans?
Free Rad Biol Med. 26:1034-53, 1999.
Madamanchi NR, Vendrov A, Runge MS. Oxidative stress and vascular diseases. Arterioscler
Thromb Vasc Biol. 25:29-38, 2005.
Madebo T, Lindtjorn B, Aukrust P, Berge RK.
Circulating antioxidants and lipid peroxidation
products in untreated tuberculosis patients in
Ethiopia. Am J Clin Nutr. 78: 117-122, 2003.
Manning jr RD, Meng S, Tian N. Renal and vascular oxidative stress and salt-sensitive of arterial
pressure. Acta Physiol Scand. 179:243-250,
2003.
Matés JM, Pérez-Gómez C, Blanca M. Chemical
and biological activity of free radical ‘scavengers’ in allergic diseases. Clin Chim Acta. 296:
1-15, 2000.
Maxwell SRJ, Thomason H, Sandler D, Le Guen
C, Baxter MA, Thorpe GHG, Jones AF, Barnett
AH. Poor glycaemic control is associated with
reduced serum free radical scavenging (antioxidant) activity in non-insulin-dependent diabetes
mellitus. Ann Clin Biochem. 34:638-644, 1997.
Miller ER, Pastor-Barriuso R, Dalal D, Riemersma
RA, Appel LJ, Guallar E. Meta-analysis: highdosage of vitamin E supplementation may increase all-cause of mortality. Ann Intern Med.
142:37-46, 2005.
Miller NJ, Rice-Evans C, Davies MJ, Gopinathan
V, Milner A. A novel method for measuring antioxidant capacity and its application to monitoring the antioxidant status in premature neonates. Clin Sci. 84:407-412, 1993.
Misso NLA, Brooks-Wildhaber J, Ray S, Vally H,
Thompson PJ. Plasma concentrations of dietary

Total antioxidant capacity

and nondietary antioxidants are low in severe
asthma. Eur Respir J. 26:257-264, 2005.
Monge M, Ledemé N, Mazouz H, Lalau J-D,
Moubarak M, Presne C, Fournier A, Mazière
J-C, Choukroun G, Westeel P-F. Insulin maintains plasma antioxidant capacity at early
phase of kidney transplantation. Nephrol Dial
Transpl. 22:1979-85, 2007.
Nadeem A, Chhabra SK, Masood A, Raj HG.
Increased oxidative stress and altered levels of
antioxidants in asthma. J Allerg Clin Immunol. 111:72-78, 2003.
Nagini S, Manoharan S, Ramachandran CR.
Lipid peroxidation and antioxidants in oral
squamous cell carcinoma. Clin Chim Acta.
273:95-98, 1998.
Nia AB, van schooten FJ, Schilderman PAEL, De
Kok TMCM, Haenen GR, van Herwijnen
MHM, van Agen E, Pachen D, Kleinjans JCS.
A multi-biomarker approach to study the effects of smoking on oxidative DNA damage
and repair and antioxidative defense mechanisms. Carcinogenesis. 22:395-401, 2001.
Nojiri S, Daida H, Mokuno H, Iwama Y, Mae K,
Ushio F, Ueki T. Association of serum antioxidant capacity with coronary artery disease
in middle-aged men. Jpn Heart J. 42: 677690, 2001.
Nuttall SL, Dunne F, Kendall MJ, Martin U. Ageindependent oxidative stress in elderly patients with non-insulin-dependent diabetes
mellitus. QJM. 92:33-38, 1999.
Opara EC, Abdel-Rahman E, Soliman S, Kamel
WA, Souka S, Lowe JE, Abdel-Aleem S.
Depletion of total antioxidant capacity in type
2 diabetes. Metabolism. 48:1414-1417, 1999.
Orem C, Orem A, Uydu HA, Celik S, Erdol C,
Kural BV. The effects of lipid-lowering therapy on low-density lipoprotein autoantibodies: relationship with low-density lipoprotein oxidation and plasma total antioxidant status. Coron Artery Dis. 13:65-71, 2002.
Paganga G, Miller N, Rice-Evans CA. The polyphenolic content of fruit and vegetables and
their antioxidant activities. What does a serving constitute? Free Rad Res. 30:153-162,
1999.
Pamplona R., Portero-Otín M, Sanz A, Ayala V,
Vasileva E, Barja G. Protein and lipid oxidative damage and complex I content are lower
in the brain of budgerigar and canaries than in

13
A

mice. Relation to aging rate. AGE. 27:267-280,
2005.
Papageorgiou M, Stiakaki E, Dimitriou H, Malliaraki N, Notas G, Castanas E, Kalmanti M. Cancer chemotherapy reduces plasma total antioxidant capacity in children with malignancies.
Leukemia Res. 29:11-16, 2005.
Pasqualotto FF, Sharma RK, Nelson DR, Thomas
AJ, Agarwal A. Relationship between oxidative
stress, semen characteristics, and clinical diagnosis in men undergoing infertility investigation. Fertil Steril. 73:459-464, 2000.
Pellegrini N, Riso P, Porrini M. Tomato consumption does not affect the total antioxidant capacity of plasma. Nutrition. 16:268-271, 2000.
Percário S. Oxidative and antioxidant defense
changes in acute bronchospasm induced in guinea-pigs. São Paulo, 2000. [PhD Thesis –
Escola Paulista de Medicina – Universidade
Federal de São Paulo/UNIFESP]. 106p (in portuguese).
Pinto AM, Todo-Bom A, Pereira SV, Alves V,
Rosa MS. Determinação da neopterina e de defesas antioxidantes na asma de evolução arrastada. Rev Port Pneumol. 12:669-682, 2006.
Pitsavos C, Panagiotakos DB, Tzima N, Chrysohoou C, Economou M, Zampelas A, Stefanadis
C. Adherence to the Mediterranean diet is associated with total antioxidant capacity in healthy
adults: the ATTICA study. Am J Clin Nutr. 82:
694-699, 2005.
Proteggente AR, Pannala AS, Paganga G, van
Buren L, Wagner E, Wiseman S, van de Put F,
Dacombe C, Rice-Evans C. The antioxidant activity of regularly consumed fruit and vegetables reflects their phenolic and vitamin C composition. Free Rad Res. 36:217-233, 2002.
Rahman I, MacNee W. Regulation of redox glutathione levels and gene transcription in lung inflammation: Therapeutic approaches. Free Rad
Biol Med. 28:1405-1420, 2000.
Rahman I, Swarska E, Henry M, Stolk J, MacNee
W. Is there any relationship between plasma antioxidant capacity and lung function in smokers
and in patients with chronic obstructive pulmonary disease? Thorax. 55:189-193, 2000.
Ramanathan B, Jan K-Y, Chen C-H, Hour T-C, Yu
H-J, Pu Y-S. Resistance to paclitaxel is proportional to cellular total antioxidant capacity.
Canc Res. 65:8455-8460, 2005.
Rani HS, Madhavi G, Rao VR, Sahay BK, Jyothy
A. Risk factors for coronary heart disease in

A
14

Carlos Kusano and Bucalen Ferrari

type 2 diebetes mellitus. Indian J Clin Biochem. 20:75-80, 2005.
Rice-Evans C. Measurement of Total Antioxidant
Activity as a marker of antioxidant status in
vivo: procedures and limitations. Free Rad
Res. 33:S59-S66, 2000.
Roum JH, Borok Z, McElvaney NG, Grimes GJ,
Bokser AD, Buhl R, Crystal RG. Glutathione
aerosol suppresses lung epithelial surface inflammatory cell-derived oxidants in cystic fibrosis. J Appl Physiol. 87:438-443, 1999.
Ryrfeldt A, Bannenberg G, Moldéus P. Free
radicals and lung disease. Brit Med Bul.
49:588-603, 1993.
Samouilidou E, Grapsa E. Effect of dialysis on
plasma total antioxidant capacity and lipid peroxidation products in patients with end-stage
renal failure. Blood Purif. 21:209-212, 2003.
Schneider RH, Nidich SI, Salerno JW, Sharma
HM, Robinson CE, Nidich RJ, Alexander CN.
Lower lipid peroxide levels in practioners of
the transcendental meditation program. Psychosomatic Med. 60:38-41, 1998.
Sener DE, Gönenç A, Akinci M, Torun M. Lipid
peroxidation and total antioxidant status in patients with breast cancer. Cell Biochem Funct.
25:377-382, 2006.
Shankar AH, Genton B, Semba RD, Baisor M,
Paino J, Tamja S, Adiguma T, Wu L, Rare L,
Tielsh JM, Alpers MP, West-Jr KP. Effect of
vitamin A supplementation on morbidity due
to Plasmodium falciparum in young children
in Papua New Guinea: a randomized trial.
Lancet. 354:203-209, 1999.
Sharifian A, Farahani S, Pasalar P, Gharavi M,
Aminian O. Shift work as an oxidative stressor. J Circ Rhythm. 3:15, 2005.
Shin M-J, Park E, Lee JH, Chung N. Relationship
between insulin resistance and lipid peroxidation and antioxidant vitamins in hypercholesterolemic patients. Ann Nutr Metab. 50:115120, 2006.
Sinclair AJ, Bayer AJ, Johnston J, Warner C,
Maxwell SR. Altered plasma antioxidant status in subjects with Alzheimer's disease and
vascular dementia. Int J Geriatr Psychiatr.
13:840-845, 1998.
Sivonová M,
Zitnanová I, Hlincíková L,
Skodácek I, Trebatická J, Duracková Z. Oxidative stress in university students during examinations. Stress. 7:183-188, 2004.

Sofic E, Rustembegovic A, Kroyer G, Cao G. Serum antioxidant capacity in neurological, psychiatric, renal diseases and cardiomyopathy. J
Neur Transm. 109:711-719, 2002.
Stanner S. An apple a day… Nutr Bull. 25:7-8,
2000.
Szeto YT, Tomlinson B, Benzie IFF. Total Antioxidant and ascorbic acid content of fresh fruits
and vegetables: Implications for dietary planning and food preservation. Brit J Nutr. 87: 559, 2002.
Su H-X, Hao C-Y, Mi D-H, Zheng R-L. 8hydroxy-2’-deoxyguanosine of gastric mucosa
DNA and the plasma total radical-trapping antioxidative capacity in patients with gastric adenocarcinoma and chronic gastritis. Chin Med J.
114:42-57, 2001.
Sudha K, Rao AV, Rao A. Oxidative stress and
antioxidants in epilepsy. Clin Chim Acta.
303:19-24, 2001.
Sun L, Gao Y-H, Tian D-K, Zheng J-P, Zhu C-Y,
Ke Y, Bian K. Inflammation of different tissues
in spontaneously hypertensive rats. Acta
Physiol Sinica. 58:318-323, 2006.
Tamer L, Sucu N, Polat G, Ercan B, Aytacoglu B,
Yucebilgic G, Unlu A, Dikmengil M, Atik U.
Decreased serum total antioxidant status and
erythrocyte-reduced glutathione levels are associated with increased serum malondialdehyde in
atherosclerotic patients. Arch Med Res. 33:257260, 2002.
Trichopoulou A, Orfanos P, Norat T, Bueno-deMesquita B, Ocké MC, Peeters PHM, et al.
Modified Mediterranean diet and survival: EPIC-elderly prospective cohort study. BMJ.
330:991-997, 2005.
Tuzgen S, Hanimoglu H, Tanriverdi T, Kacira T,
Sanus GZ, Atukeren P, Dashti R, Gumustas K,
Canbaz B, Kaynar MY. Relatioship between
DNA damage and total antioxidant capacity in
patients with glioblastoma multiforme. Clin
Oncol. 19:177-181, 2007.
Tyssandier V, Feillet-Coudray C, Caris-Veyrat C,
Guilland J-C, Coudray C, Bureau S, Reich M,
Amiot-Carlin M-J, Bouteloup-Demange C, Boirie Y, Borel P. Effect of tomato product consumption on the plasma status of antioxidant
micronutrients and on plasma total antioxidant
capacity in healthy subjetcs. J Am Coll Nutr.
23:148-156, 2004.

Total antioxidant capacity

Valabhji J, McColl AJ, Richmond W, Schachter
M, Rubens MB, Elkeles RS. Total Antioxidant Status and Coronary Artery Calcification
in Type 1 Diabetes. Diabet Care. 24:16081613, 2001.
Van der Berg R, van Vliet T, Broekmans WMR,
Cnubben NHP, Vaes WHJ, Roza L, Haenen
GRMM, Bast A, van der Berg H. A vegetable/fruit concentrate with high antioxidant capacity has no effect on biomarkers of antioxidant status in male smokers. J Nutr. 131:
1714-22, 2001.
Varvarovská J, Racek J, Stozický F, Soucek J,
Trefil L, Pomaha R. Parameters of oxidative
stress in children with type 1 diabetes mellitus
and their relatives. J Diab Complicat. 7-10,
2003.
Verit FF, Erel O, Kocyigit A. Association of
increased total antioxidant capacity and anovulation in non-obese infertile patients with
clomiphene citrate-resistant polycistic ovarian
syndrome. Fertil Steril. 88:418-24, 2007.
Zachwieja J, Bobkowski W, Zaniew M, Dobrowolska-Zachwieja
A,
LewandowskaStachowiak M, Siwinska A. Apoptosis and
antioxidant defenses in the nephrotic
syndrome. Pediat Nephrol. 18:1116-1121,
2003.
Zappacosta B, Persichilli S, De Sole P, Mordente
A, Giardina B. Effect of smoking one cigarette on antioxidant metabolites in the saliva
of healthy smokers. Arch Oral Biol. 44:485488, 1999.

15
A

Wiid I, Seaman T, Hoal EG, Benade AJS, Van
Helden PD. Total antioxidant levels are low
during active TB and rise with anti-tuberculosis
therapy. IUMB Life. 56:101-106, 2004.
Wolfe KL, Liu RH. Cellular antioxidant activity
(CAA) assay for assessing antioxidants, foods,
and dietary supplements. J Agric Food Chem.
55:8896-907, 2007.
Yanik M, Erel O, Kati M. The relationship between
potency of oxidative stress and severity of depression. Acta Neuropsych. 16:200-203, 2004.
Yaffe K, Clemons TE, McBee WL, Lindblad AS.
Impact of antioxidants, zinc, and copper on
cognition in the elderly. A randomized, controlled trial. Neurology 63:1705-7, 2004.
Yao JK, Reddy R, McElhinny LG, van Kammen
DP. Reduced status of plasma total antioxidant
capacity in schizophrenia. Schizophr Res. 32:18, 1998.
Yazdanpanah M, Luo X, Lau R, Greenberg M,
Fischer LJ, Lehotay DC. Cytotoxic aldehydes
as possible markers for childhood cancer. Free
Rad Biol Med. 23:870-8, 1997.
Yuan RY, Wu M-Y, Hu S-P. Antioxidant status in
patients with Parkinson’s disease. Nutr Res.
2000; 20: 647-52.

A

Carlos Kusano and Bucalen Ferrari

DİKKAT
BU SAYFA BOŞ OLACAK
SAFYA 16

