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ABSTRACT
Objectives: As plasma and salivary total antioxidant capacity (TAC) is mainly contributed by uric acid
(UA), the present study measures non-urate TAC (Nu-TAC). The aim of the study was to correlate
plasma native TAC, Nu-TAC and UA with their salivary analogues, and compare the UA contribution
in both body fluids using two different methods.
Methods: The study involved 55 middle-aged and older subjects (66.7 ± 4.5 years). TAC was
determined simultaneously with two methods (ferric reducing ability of plasma – FRAP, 2.2-
diphenyl-1-picryl-hydrazyl – DPPH and countertypes for saliva – FRAS and DPPHS test), with and
without UA (native TAC and Nu-TAC, respectively). Plasma UA and salivary UA (SUA) were assessed.
Results: Subjects with increased FRAP, DPPH and UA had higher FRAS, DPPHS and SUA, respectively
(P < 0.05). Plasma Nu-TAC indices did not correlate with salivary Nu-TAC. The contribution of UA to the
plasma and salivary DPPH tests was similar: 75.7 ± 10.3% and 75.2 ± 14.0%, respectively. However, the
contribution of UA to FRAS was higher than that for FRAP (71.6 ± 13.9% vs. 64.0 ± 8.1%; P < 0.001).
Discussion: Our findings suggest that saliva is a good predictor for native plasma TAC but not for Nu-
TAC. UA level is comparably dominant in saliva and in plasma according to DPPH, but lower in plasma
according to FRAP.
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Introduction

The homeostasis between prooxidants and antioxidants in
living organisms is maintained by the constant activities of
biological processes. There are various ways to assess the anti-
oxidant potential of a body: some rely on assessing concen-
tration or activity of particular antioxidants in body fluids or
in cells/tissues, others involve Total Antioxidant Capacity
(TAC) assessment. Different methods for TAC evaluation are
available, but each is encumbered with certain technical limit-
ations resulting in the assessment of only a restricted group of
antioxidants [1,2]. TAC level also depends on the choice of test
material, with differences in antioxidant content being
present between body fluids; although TAC is usually assessed
in blood serum or plasma, it also may be determined in saliva
[3], urine [4] or in tear fluid [5].

Human saliva is a mixture of gingival crevicular fluids with
a composition similar to that of plasma/serum, which serves
as the first line of defense against oxidative stress [3,6].
Saliva includes a large number of organic and inorganic
compounds which influence health status. Its availability
and non-invasive collection allow the diagnosis of numerous
pathological conditions or diseases in the oral cavity and
some systemic disorders [7]. Uric acid (UA) is the most abun-
dant antioxidant, non-enzymatic molecule of plasma origin in
saliva, and its concentration in saliva is similar to that in serum
[3]. UA is a major contributor to both plasma TAC (60–80%)
[4,8,9] and salivary TAC (approximately 70%) [10]. It is believed
that non-urate (Nu)/ UA-independent TAC may provide more

reliable information about antioxidant status than native TAC,
which is strongly influenced by UA level; therefore, to negate
the influence of UA, methods for Nu-TAC based on the uricase
reaction have been proposed [11].

The DPPH (2.2-diphenyl-1-picryl-hydrazyl) method is a
promising approach that is being increasingly used in clinical
studies for assessing TAC [12]. This method measures the total
activity of circulating low molecular weight antioxidants as
the ability of acetonitrile-deproteinized plasma to decompose
DPPH radicals. As the DPPH test has exhibited good compli-
ance with the ferric reducing ability of serum test [12], a modi-
fication of ferric reducing ability of plasma (FRAP) method [8],
the present study uses these two established methods to
assess TAC simultaneously in plasma (DPPH and FRAP test)
and in saliva (DPPHS – DPPH in saliva and FRAS test – ferric
reducing ability of saliva). In addition, the same battery of
tests is applied after eliminating the influence of UA from
plasma (Nu-FRAP and Nu-DPPH) and saliva specimens (Nu-
FRAS and Nu-DPPHS). The novelty of this study is its simul-
taneous assessment of native and Nu-TAC in plasma and
saliva collected from the same group of subjects.

The aim of this study was to identify any relationships
between the levels of native TAC, Nu-TAC and UA in plasma
with their analogues in saliva in older subjects, and to
compare the contribution of UA in both body fluids using
two different assay methods. The confirmation of such a
relationship might allow the replacement of existing plasma
TAC measurement methods with non-invasive salivary
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native or non-urate TAC measurement; this would be particu-
larly valuable when TAC indices/UA need to be repeatedly
monitored at frequent intervals, for example, while assessing
the effectiveness of pharmacotherapy in metabolic syndrome,
or cardiovascular disorders related to hyperuricemia or gout.
An additional aim of the study was to evaluate the effects
of the applied pharmacotherapy on plasma and salivary
TAC, Nu-TAC and UA values.

Materials and methods

Although 83 patients were initially included in the study, due
to the failure by some patients to provide required volume
of saliva/plasma in the sample or the presence of precipitates
in the sample, complete data concerning different antioxidant
parameters was only received from 55 subjects. The subjects
were aged 56.0–77.0 years. They were selected from a group
of patients of the Department of Geriatrics of the Medical Uni-
versity of Lodz (Poland) who voluntarily participated in the
healthy lifestyle workshops organized under the governmental
program for the Social Activity of the Elderly (2014–2020).

Some patients suffered from hypercholesterolemia (n = 31),
arterial hypertension (n = 28), osteoarthritis (n = 24), osteo-
porosis (n = 14), duodenal and gastric conditions (n = 11), dia-
betes mellitus (n = 11) or heart failure (n = 7). All diagnosed
diseases were in a stable phase and were pharmacologically
controlled: the most common treatment choices were angio-
tensin-converting enzyme inhibitors (n = 17), statins (n = 16),
levothyroxine (n = 16), diuretics (n = 13), aspirin (n = 10), beta-
blockers (n = 10), calcium channel blockers (n = 7), proton
pump inhibitors (n = 5) and the oral antidiabetic drugs metfor-
min (n = 6) and sulfonylureas (n = 5). Only 12 individuals did
not apply any drug treatment.

None of the subjects was diagnosed with tobacco addic-
tion, active inflammatory processes (plasma C-reactive
protein – CRP < 3 mg/L), renal dysfunction, disability or
dementia. None followed any special diet. The study was
approved by the local ethics committee (RNN/73/15/KE) and
informed consent was obtained from each subject.

Study protocol and measurements

The examinations took place in the Department of Geriatrics
and the laboratory measurements were performed in the
Department of Clinical Physiology, in the Central Scientific
Laboratory and in the University Hospital and Educational
Centre, all at the Medical University of Lodz. The subjects
reported to the centre between 8.00 and 10.00 a.m. after over-
night fasting and rest for at least 12 hours before blood and
saliva collection. The time window between cleaning teeth
and unstimulated saliva sample collection was never shorter
than 1.5 hours. A comprehensive assessment, including
drug use, smoking and dietary habits, was performed with
each subject [13]. Height and weight were measured and
the body mass index (BMI) was calculated.

Plasma TAC and Nu-TAC
Blood samples (±9 mL) were drawn from the antecubital vein
and collected into Vacuette tubes. Thereafter the samples
were incubated for 30 minutes at 37°C and then centrifuged
(10 minutes, 4°C, 2 880 g). The resultant plasma samples
were stored at –80°C, for not longer than 3 months
[12,14,15]. Plasma TAC measurements were performed using

two spectrophotometric methods: FRAP [8] with some modi-
fications [12], and the DPPH test [12,14]. The details of both
methods are described elsewhere [12,16]. Both tests were
executed with native plasma samples (containing UA) and
pretreated with uricase and catalase (with decomposed UA),
as described elsewhere [15]. Plasma was incubated with
1.25 U/mL uricase and 25 U/mL catalase for 10 minutes at
37°C: 100 μL plasma for the FRAP test, and 200 μL plasma
for the DPPH test. Catalase was added for rapid decompo-
sition of H2O2, generated during uricase-catalyzed oxidation
of UA by O2, to avoid the risk of suppression of plasma antiox-
idant activity.

Salivary TAC and Nu-TAC
The saliva samples (±5 mL) were centrifuged to separate all
debris (10 minutes, 4°C, 1 125g) [17]. The supernatant was
stored at –80°C maximum for 30 days. Salivary TAC also was
measured spectrophotometrically using the same equipment
and methods as for plasma TAC: 120 μL of saliva were added
to 900 μL of FRAS reagent, but deionized H2O2 was not used,
and analysis was performed with an Ultrospec III spectropho-
tometer with Spectro-Kinetics software (LKB Biochrom
Pharmacia, Cambridge, England). Nu-FRAS was analyzed as
Nu-FRAP (120 μL of Nu-saliva were added to FRAS reagent).

For DPPHS test, as for DPPH [12], 200 μL of saliva were
required for the deproteinization process, but 25 μL of depro-
teinized saliva were added to 975 μL of DPPH reagent mixture
for the individual assay. For the Nu-DPPHS analysis, 200 μL of
saliva after deproteinization were incubated with 1.25 U/mL
of uricase and 25 U/mL of catalase to eliminate UA. The pro-
cedure continued as in the DPPHS test.

To enhance data reliability, all results were calculated as a
mean from three separate experiments. Additionally native
and Nu-TAC assessment was performed within the same
time frame.

Plasma and salivary UA
Plasma UA level was determined using a commercially-avail-
able diagnostic kit (BioMaxima S.A., Lublin, Poland). Salivary
UA (SUA) was analyzed using the MaxDiscovery™ Uric Acid
Assay Kit (Bio Scientific, Austin, U.S.A.); in this test, hydrogen
peroxide, liberated by the action of uricase, reacts with a chro-
mogenic dye using peroxidase to form a visibly colored (red)
dye product. The absorbance was measured at 520 nm and
the result was proportional to SUA concentration [18].

UA/SUA contribution
The change in TAC after excluding UA or SUA

DTAC = native TAC− Nu− TAC
native TAC

100 %
( )

was a measure

of UA/SUA contribution (%) of plasma and salivary TAC.

Statistical analysis

The results were verified for normality of distribution and
equality of variance. Variables that did not meet the assump-
tion of normality were analyzed with non-parametric
statistics. The Pearson product moment and Spearman
correlations were used to determine the relationships
between numerical variables. A One-Way Analysis of Var-
iance (ANOVA) with the post hoc Bonferroni correction and
the Kruskal–Wallis test were used to assess the impact of
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the applied pharmacotherapy on antioxidant parameters.
The non-parametric paired sign test was used to compare
the corresponding plasma and salivary values. Agreement
between the corresponding plasma and salivary values was
also examined using the Bland and Altman approach [19].
The results for continuous variables were presented as
mean ± SD. The level for statistical significance was set at
P < 0.05. Statgraphics Centurion version XVII was used for
statistical analysis.

Results

The study group consisted of 55 subjects, mean age 66.7 ± 4.5
years: 47 females and 8 males (66.4 ± 4.4 vs. 68.1 ± 5.0 years).
The mean value of BMI was 29.1 ± 5.3 kg/m2. Over 1/3 of the
group were diagnosed with obesity, and a further 0.38 of the
group were overweight according to BMI values. Age was
not related to TAC, but older subjects had higher SUA
concentration (P = 0.03). The plasma antioxidant indices
FRAP (P = 0.02) and DPPH (P = 0.04), as well as UA (P < 0.01),
were higher in men.

Table 1 presents plasma and salivary antioxidant indices.
The salivary forms FRAS, Nu-TAC, Δ FRAS and SUA were
higher than their plasma analogues. DPPHS and Δ DPPHS
values were comparable with their plasma analogues. DPPHS
was higher thanDPPHby 1.98 (% reduction) or 8.5%of the rela-
tive value and Δ DPPHS was lower than Δ DPPH by 0.465%, or
0.61% of the relative value. The limits of agreement were –24.5
to 20.6% reduction for DPPHS and –26.4 to 27.3% for Δ DPPH.
These limits of agreement were hence rather wide for both the
comparable plasma and salivary values.

UA and SUA contribution

The contribution of SUA to salivary TAC was greater than UA
to plasma TAC, but only when using the FRAP test (ΔTAC was
significantly higher in saliva than in plasma: 71.6 ± 13.9% vs.
64.0 ± 8.1%; P < 0.001). When the DPPH test was used, SUA
and UA contributions to salivary and plasma TAC were at a
comparable level (75.2 ± 14.0% and 75.7 ± 10.3%, respect-
ively) (Table 1).

Drug treatment vs. antioxidant indices

An analysis of the prospective impact of pharmacotherapy
on plasma and salivary TAC was performed in sex- and age-
matched subgroups. The results were predominantly negative
and only a few, rather weak, differences in the levels of
antioxidant indices were found: higher FRAP, UA and lower
Nu-DPPH in patients receiving diuretics and lower DPPHS
among those treated with statins (P < 0.05). No difference in
antioxidant parameters was found between the patients
receiving pharmacotherapy (n = 43) and those without (n =
12) (P > 0.05) (Table 2).

Plasma TAC vs. salivary TAC

A study of the cross-correlations between plasma antioxidant
indices and their salivary countertypes revealed several, mostly
relatively strong dependences. Patients with higher FRAP had
significantly higher FRAS (P = 0.01), DPPHS (P = 0.02) and SUA
(P = 0.003). Positive correlations were found also between
DPPH and FRAS (P = 0.02), DPPHS (P = 0.02) and SUA (P =
0.0004). The subjects with higher plasma UA were characterized
by higher SUA (P = 0.0007) and also higher FRAS (P = 0.02) and
DPPHS (P = 0.04) (Table 3). Plasma and salivary TAC indices
were also positively interrelated to each other within the
given environment (FRAP to DPPH and FRAS to DPPHS; both
P < 0.001) as well as to plasma UA/SUA (Figure 1).

Plasma Nu-TAC vs. salivary Nu-TAC

No correlations were found between plasma Nu-TAC (Nu-
FRAP, Nu-DPPH) and salivary Nu-TAC parameters (Nu-FRAS,
Nu-DPPHS), nor between UA and SUA (Table 3).

Table 1. Fasting plasma and salivary antioxidant concentration indices.

Plasma
mean ± SD
(min–max)

Saliva
mean ± SD
(min–max)

FRAP
(mmol FeCl2/L)

1.20 ± 0.20
(0.81–1.80)

FRAS
(mmol FeCl2/L)

5.70 ± 2.18‡

(2.11–13.24)
Nu-FRAP
(mmol FeCl2/L)

0.43 ± 0.11
(0.29–0.97)

Nu-FRAS
(mmol FeCl2/L)

1.52 ± 0.91‡

(0.65–5.41)
Δ FRAP
(%)

64.0 ± 8.1
(35.2–76.5)

Δ FRAS
(%)

71.6 ± 13.9‡

(18.7–91.8)
DPPH test
(% reduction)

23.2 ± 5.5
(8.6–35.3)

DPPHS test
(% reduction)

25.2 ± 11.7
(6.1–61.6)

Nu-DPPH test
(% reduction)

5.6 ± 2.4
(0.6–14.1)

Nu-DPPHS test
(% reduction)

6.2 ± 6.1*
(2.01–41.51)

Δ DPPH test
(%)

75.7 ± 10.3
(34.1–94.4)

Δ DPPHS test
(%)

75.2 ± 14.0
(26.6–92.0)

UA
(mg/dL)

4.44 ± 1.19
(1.69–7.38)

SUA
(mg/dL)

8.74 ± 3.87‡

(0.42–22.33)

FRAP: ferric reducing ability of plasma; Nu-FRAP: non-urate-ferric reducing ability
of plasma; UA: uric acid in plasma; DPPH test: 2.2-diphenyl-1-picryl-hydrazyl test
in plasma; Nu-DPPH test: non-urate-2.2-diphenyl-1-picryl-hydrazyl test in
plasma; FRAS: ferric reducing ability of saliva; Nu-FRAS: non-urate-ferric
reducing ability of saliva; SUA: uric acid in saliva; DPPHS test: 2.2-diphenyl-1-
picryl-hydrazyl test in saliva; Nu-DPPHS test: non-urate-2.2-diphenyl-1-picryl-
hydrazyl test in saliva; SD: standard deviation; *P < 0.05; ‡P < 0.001.

Table 2. Fasting salivary and plasma antioxidant concentration indices in group
with (n = 43) and without pharmacotherapy (n = 12).

Parameter

Group with
pharmacotherapy

mean ± SD
(min–max)

Group without
pharmacotherapy

mean ± SD
(min–max)

Age (years) 67.1 ± 4.0
(61.0–77.0)

65.2 ± 5.9
(56.0–75.0)

FRAS (mmol FeCl2/L) 5.82 ± 2.21
(2.11–13.24)

5.28 ± 2.07
(2.47–8.41)

Nu-FRAS (mmol FeCl2/L) 1.52 ± 0.86
(0.65–5.41)

1.53 ± 1.12
(0.70–4.92)

Δ FRAS (%) 72.0 ± 14.0
(18.7–91.8)

70.1 ± 13.9
(41.5–89.7)

DPPHS (% reduction) 25.2 ± 12.2
(6.1–61.6)

25.3 ± 10.2
(13.0–46.3)

Nu-DPPHS (% reduction) 6.4 ± 6.7
(2.0–41.5)

5.1 ± 3.0
(2.1–11.5)

Δ DPPHS (%) 74.3 ± 14.9
(26.6–92.0)

78.6 ± 10.2
(62.9–90.2)

SUA (mg/dL) 8.74 ± 3.92
(0.42–22.33)

8.76 ± 3.86
(2.69–15.91)

FRAP (mmol FeCl2/L) 1.21 ± 0.19
(0.81–1.64)

1.18 ± 0.27
(0.85–1.80)

Nu-FRAP (mmol FeCl2/L) 0.43 ± 0.12
(0.29–0.97)

0.41 ± 0.05
(0.33–0.53)

Δ FRAP (%) 64.0 ± 7.8
(35.2–75.8)

63.9 ± 9.2
(49.3–76.5)

DPPH (% reduction) 23.2 ± 5.6
(8.6–35.3)

23.3 ± 5.2
(16.0–31.3)

Nu-DPPH (% reduction) 5.6 ± 2.7
(0.6–14.1)

5.8 ± 1.0
(3.7–6.9)

Δ DPPH (%) 76.1 ± 11.1
(34.1–94.4)

74.3 ± 7.3
(57.5–80.7)

UA (mg/dL) 4.46 ± 1.15
(2.53–7.38)

4.36 ± 1.38
(1.69–6.87)

Note: Abbreviations as for Table 1.
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Discussion

Findings from studies on native plasma and salivary TAC are
not conclusive. Our results showed a good agreement
between salivary and plasma TAC and UA concentrations.
Please note that, except for UA with SUA, the identified signifi-
cant correlations were relatively not high. It may be assumed
that antioxidants other than UA contributing to the TAC of
saliva and plasma could result in the two body fluids exerting
different activities, and the specificity of applied methods
could also affect the result.

However, our findings do not preclude the use of saliva in
diagnosing plasma native TAC, and it seems to be a promising
analytical tool for plasma UA assessment. Also, SUA measure-
ment was found to have equal value to plasma UA assay in a
patient with chronic gouty arthropathy [20]. SUA also showed
good correlation with salivary TAC in hemodialyzed patients
[21]. However, in a case-control study by Lawaf et al. [22] on
patients with temporomandibular joint disorders, differences
were observed between patients and controls in plasma TAC
but not in salivary TAC. Also, while patients with generalized
chronic and aggressive periodontitis had lower plasma TAC
than healthy controls, salivary TAC was significantly lowered
only in patients with chronic periodontitis [23]. Conversely,
both salivary and plasma TAC were decreased in erosive
oral lichen planus patients in comparison with healthy sub-
jects [24]. In addition, in patients with recurrent aphthous sto-
matitis, individual salivary antioxidant activity (SOD, CAT) was
higher and other (GSHPx) was lower than in healthy controls,
while the opposite was the case for the enzymatic analogues

in plasma. The authors suggest that the organism might
mobilize antioxidant defense system at the sites where it
was needed [25].

SUA concentration has been reported to be similar to that
of plasma UA [26] and may change as a result of kidney
disease [27], gout [28] or metabolic syndrome [29]. UA is
one of the organic, water-soluble components of saliva,
which is secreted in acinar or ductal cells and transported
into the salivary glands [26]. UA is the terminal degradation
product of purine catabolism. Plasma UA level can be regu-
lated by intake of dietary purines, alcohol and fructose [30],
renal function [4] or hyperinsulinemia [31]. Our findings con-
cerning the contribution of UA to plasma and to salivary TAC
are in accordance with those of previous studies [8,10,12]:
±75% of TAC using DPPH test and 64/72% using the FRAP/
FRAS method.

The role of UA remains unclear: although it is a major
determinant of antioxidant potential, its high level could be
a causal, compensatory or coincidental risk factor in cardio-
vascular and renal diseases, gout, obesity or diabetes mellitus
type 2 [11,16,32,33]. The approach of separating UA (or
ascorbic acid) is not new [33,34]. The high TAC value associ-
ated with elevated plasma UA level may be misleading,
masking a relative or absolute deficiency of other antioxi-
dants. Benzie and Strain suggest that Nu-FRAP may offer a
more sensitive index of antioxidant status in UA-rich fluid,
such as plasma [34]. However Nu-TAC is recommended in par-
ticular after nutritional interventions and in diseases associ-
ated with oxidative stress and hyperuricemia [4]. On the

Table 3. Pearson product moment and Spearman rank correlations between plasma and salivary antioxidant indices.

Variable
(n = 55)

FRAS
(mmol FeCl2/L)

Nu-FRAS
(mmol FeCl2/L)

DPPHS test
(% reduction)

Nu-DPPHS test
(% reduction)

SUA
(mg/dL)

FRAP (mmol FeCl2/L) 0.34† NS 0.33* NS 0.40†

Nu-FRAP (mmol FeCl2/L) NS NS NS NS NS
DPPH test (% reduction) 0.32* NS 0.32* NS 0.48‡

Nu-DPPH test (% reduction) NS NS NS NS NS
UA (mg/dL) 0.32* NS 0.28* NS 0.46‡

Note: Abbreviations as for Table 1.
*P < 0.05; †P≤ 0.01; ‡P < 0.001.

Figure 1. Correlations between DPPH/DPPHS and UA/SUA values (n = 55). DPPH: 2.2-diphenyl-1-picryl-hydrazyl test in plasma; DPPHS: 2.2-diphenyl-1-picryl-hydrazyl
test in saliva, SUA: salivary uric acid; UA: uric acid in plasma.
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other hand, as no single measure of antioxidant status is
believed to be sufficient on its own, it is recommended that
clinical studies use a battery of tests, including TAC, Nu-TAC
and oxidative stress marker assessment [35,36].

In contrast to the present study, relatively few others
examine the value of Nu-TAC fractions; in addition, the
current study takes the rather unique approach of examining
two biological fluids, plasma and saliva, at the same time, and
measures native and non-urate TAC with two established
methods concurrently. Even if UA-independent TAC is
suggested to be a better approach in antioxidant status
assessment, it is currently impossible to predict plasma Nu-
TAC from salivary Nu-TAC, and salivary Nu-TAC cannot
reflect native plasma TAC, at least based on FRAP or DPPH
analysis. In this case, saliva appears to have little value. Like-
wise, several differences identified for TAC/UA indices
between sex- and age-matched subgroups with different
drug treatments, either in one body fluid, i.e. plasma or in
saliva, were not confirmed in the other. This may suggest
that different drugs have varying influences on plasma and
salivary antioxidant potential, but further studies with larger
numbers of patients are needed in this regard. On the other
hand, no differences were found between the subgroup of
apparently healthy subjects (without drug treatment) and
the subgroup receiving pharmacotherapy with regard to
TAC/UA parameters. The use of anti-hypertensives or the pres-
ence of diabetes mellitus type 2 have been found to have little
effect on salivary TAC in the few previous studies in this area
[37,38].

Some limitations of the present study should be acknowl-
edged. Pharmacotherapy and its heterogeneity could
interfere with the results. It was not feasible to find middle-
aged/older subjects free from common age-related ailments
or using similar drugs and treatment regimens. In addition,
the study is based on a limited number of subjects and is of
a cross-sectional nature.

We conclude that in older subjects, saliva has consider-
able value for predicting native plasma TAC, but not for
Nu-TAC analogues. UA is a predominant contributor to
both plasma and saliva TAC; however, this contribution is
greater in saliva than in plasma according to FRAP, but
not to DPPH. The choice of pharmacotherapy mostly did
not affect plasma or salivary antioxidant indices. Further
clinical studies with larger numbers of subjects are necess-
ary to verify the possible clinical value of salivary TAC and
Nu-TAC as indexes of plasma antioxidant defense, as well
as the potential effects of drug treatment on antioxidant
parameters.
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