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Monitoring thiobarbituric acid-reactive substances (TBARs) as an assay
for oxidative damage in neuronal cultures and central nervous system
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OOxidative stress is a pivotal factor in neuronal degeneration. A simple method to quantify oxidative damage in culture and in situ is
mportant for studies of neurodegeneration. We present herein modifications of the standard assay for thiobarbituric acid-reactive
TBARs) for analyses of both cell cultures and brain tissue homogenates. Since the TBAR assay measures end-point oxidative d
seful to assess the overall impact of oxidative stress-inducing and neuroprotective agents; interpretation is not potentially confou
resence or absence of transient products of oxidative damage.
2004 Published by Elsevier B.V.
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. Introduction

One factor contributing to the age-related decline in cog-
itive performance, including the hastened decline which ac-
ompanies Alzheimer’s disease (AD), is increased oxidative
tress (Berr, 2002; Butterfield and Lauderback, 2002; Floyd
nd Hensley, 2002; Perry et al., 2002a, 2002b; Miranda et al.,
000; Smith et al., 2000). Restoring or maintaining oxida-

ive buffering capacity, and/or quenching reactive oxygen
pecies (ROS), therefore represents one potential therapeutic
pproach to minimize neurodegeneration.

Whether or not supplementation with vitamins or anitox-
dants can be effective in chronic neurodegenerative con-
itions such as AD remains the subject of debate (Gilgun-
herki et al., 2003; Martin, 2003; Solfrizzi et al., 2003). For
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example, clinical studies demonstrated only limited effic
of the antioxidant Vitamin E in delaying the severity of so
clinical AD symptoms (Drachman and Leber, 1997; Sa
et al., 1997). Additional studies have demonstrated that c
bined supplementation with Vitamin E and other agen
more effective than Vitamin E alone both in neuronal cultu
and in central nervous system of normal and transgenic
that are compromised in oxidative buffering capacity (Shea
et al., 2002a; Veinbergs et al., 2000). Nutritional supplemen
tation with fruits and vegetables rich in antioxidant pot
tial has also been shown to provide neuroprotection (Joseph
et al., 1998a, 1998b, 1999; Ortiz and Shea, 2003; Ro
et al., 2003; Smith et al., 1999).

Oxidative damage induces a cascade of downstream
tive oxygen species, some of which are relatively trans
such as hydroxynonenol, while others appear later and
mulate, such as malondialdehyde (Miyata and Smith, 1996
Pedersen et al., 2000; Keller et al., 2000; Subramaniam
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1998). Of use would be a single, simply assay that could33

be utilized to quantify the total burden of reactive oxygen34

species as well and the impact of any therapeutic approach.35

We describe the use of the thiobarbituric acid-reactive sub-36

stances (TBARs) assay, which detects any thiobarbituric acid-37

reactive substance such as malondialdehyde (Meagher and38

Fitzgerald, 2000), for use in homogenates of cultured neu-39

roblastoma and brain tissue.40

2. Materials and methods41

Cortical neurons were cultured from day 16 murine em-42

bryos as described previously (Ekinci et al., 1999). Neurons43

were cultured for 24 h in DMEM (high glucose formulation)44

supplemented B-27 containing antioxidants (Gibco-BRL),45

after which medium was replaced with medium containing46

B-27 without antioxidants. Cultures were treated with 10�M47

hydrogen peroxide for 30 min. Additional cultures received48

0.0625 IU/mL Vitamin E alone, or along with 0.13 mg/mL49

Na pyruvate and 0.2 mg/mL separately or in combination50

for 30 min (Shea et al., 2002a). Cultures were scraped from51

the plate, homogenized, and analyzed by fluorescent spec-52

trophotemetry for TBARs according toOhkawa et al. (1979)53

with modifications. A standard curve was prepared by dilut-54

ing 1 mM tetraethoxypropane (TEP) in 0.01N HCl. Cultures55
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(1500 rpm for 10 min). The resulting supernatants were aspi-86

rated and fluorescence quantified in a fluorescent spectropho-87

tometer (excitation 520 nm, emission 553 nm) by comparison88

with a standard curve of tetramethoxypropane in HCl. Data89

were pooled from four separate experiments, each of which90

contained three to four normal mice of mixed gender per diet,91

for a combined total of 12–16 mice. Statistical analyses were92

conducted by individual comparisons among groups via Stu-93

dent’st-test; values were considered statistically different if94

P≤ 0.05. 95

3. Results and discussion 96

Treatment of cultured cortical neurons with 10�M hy- 97

drogen peroxide increased ROS as evidenced by TBARs98

(Table 1). As shown previously using 2,7-dichlorofluores-99

cein, co-treatment with a combination of Vitamin E, PC and100

pyruvate prevented the increase in ROS that accompanied101

hydrogen peroxide treatment, while Vitamin E alone was not102

effective (Shea et al., 2002a). The increased protective effect103

of Vitamin E, PC and pyruvate in combination versus that104

of Vitamin E alone was also revealed by analyses of TBARs105

(Table 1). Peroxide-treated cultures also receiving Vitamin106

E, PC and pyruvate displayed reduced TBARs versus those107
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ere sonicated (3 s× 5 s bursts) in 1 ml cold KCl. Aliquot
f homogenates or standards (0.5 ml) were combined
.22 ml of 8.1% SDS, followed by 1.5 ml of 20% acetic a
pH 3.5) and 1.5 ml 0.8% TBA, and samples were vorte
amples were then incubated at 95◦C for 60 min followed
y cooling in tap water. Samples were combined with
utanol/pyridine (15:1), mixed and centrifuged (5 min at
rox. 5000 rpm) in a tabletop centrifuge to facilitate se
ation of layers. The upper butanol/pyridine phase was
emoved and fluorescence was quantified with an excit
avelength of 520 nm and emission wavelength of 553
C57Bl/6J mice between 10 and 14 months of age rece

basal diet (“AIN-76”; Purina/Mother Hubbard Inc.) lack
acking or supplemented with Vitamin E (as�-tocopherol
0 IU/kg), with and without Na pyruvate (30 g/500 g to
iet), PC (5 g/500 g total diet) and/or a mixture of fish
orn oil (8% and 2% of the total diet wet weight, respectiv
nd iron (as ferric citrate; 4 g/500 g total wet weight; the c
ination of oil and iron promote oxidative stress;Shea et al
002a). After 1 month of these various dietary regimens,
ogenates of total CNS tissue were examined for TBAR
Mice were sacrificed by cervical dislocation, and t

entral nervous system (CNS) tissue was harvested, ho
nized, normalized according to total protein and aliq
f unfractionated homogenates were analyzed for TB
s follows. Brain tissue homogenates (50�g total protein
ere mixed with 1�M copper sulfate in 5 mM HEPE

total volume 400�L). Samples then received 1 ml of
.375% TBA/15% trichloroacetic acid in 0.25N HCl, inc
ated for 30 min at 90◦C, and were clarified by centrifugati
 P
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reated with peroxide alone (P < 0.02; Student’st-test). Cul-
ures receiving peroxide along with Vitamin E did not disp
reproducible reduction in TBARS versus those in cult

eceiving peroxide alone (P < 0.60).
The TBAR assay was also useful for quantifying oxida

pecies in CNS. TBARS were increased by approxima
0% following dietary challenge with iron in the absenc
itamin E (Table 2). Vitamin E substantially diminished th

ncrease. However, combined treatment with Vitamin E
nd pyruvate was markedly more effective at quenching

dative damage than was Vitamin E alone. The markedly
erential TBARs observed among various diets demons
hat TBARs are not derived simply by the presence of
evel of dietary iron.

able 1
uantification of oxidative damage using the TBARs assay in cul
eurons

Mean Standard deviation % chan

ontrol 34.5 0.7 –
eroxide 49.1 6.4 42.3
eroxide + Vitamin E 52.9 9.2 53.3
eroxide + Vitamin E, PC, pyr 35.1 4.3 1.7%

mbryonic cortical neuronal cultures received 10�M hydrogen peroxid
ith and without 0.0625 IU/mL Vitamin E alone, or in combination w
.13 mg/mL Na pyruvate and 0.20 mg/mL separately or in combinatio
0 min, after which cultures were assayed for TBARs as described inSection
. Values for peroxide-treated cultures, and those receiving Vitamin E
r pyruvate individually differed statistically from untreated controls (P <
.05); peroxide-treated cultures receiving all three were statistically ide

o controls (P> 0.05). Values are expressed as�M TBARS/mg total protein
nd % change as indicated.
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Table 2
Oxidative damage in normal and ApoE-knockout mice following dietary
challenge with iron in the presence and absence of Vitamin E

Mean Standard deviation % change

Basal diet 10.475 4 –
Basal diet + iron 17.725 2.85 69.2
Vitamin E+ iron 15.925 2 52.0
Vitamin E, PC, Pyr + iron 11.3 2.1 7.9

Mice (n= 4 of each strain per diet) received a basal diet (“AIN-76”; Purina)
with and without Vitamin E (as tocopherol acetate, 50 IU/kg), Na pyruvate:
(30 g/500 g total diet) PC (5 g/500 g total diet) and/or a mixture of fish and
corn oil (8 and 2% of the total diet wet weight, respectively) and iron (as
ferric citrate; 4 g/500 g total wet weight) for 1 month. Total brain tissue was
harvested and analyzed for TBARs as described in Materials and Methods.
Values represent the�MTBARS/mg total protein (mean± standard error of
the mean) or the percent change as indicated.

These findings demonstrate the efficacy of the TBARs122

assay for monitoring conditions that increase ROS as well123

as therapeutic antioxidant treatments. We have also utilized124

of the TBAR test to demonstrate that supplementation with125

dietary folate is neuroprotective in vivo (Shea and Rogers,126

2002; Shea et al., 2002b); results obtained in these studies127

using the TBAR assay were corroborated by total antiox-128

idant levels within CNS as determined by the “tocopherol129

equivalent antioxidant assay” (Shea et al., 2003) and by glu-130

tathione levels within CNS as determined by HPLC within131

CNS (Shea et al., 2002b). The TBAR assay has also been uti-132

lized to quantify differences in steady-state oxidative species133

in nervous tissue in transgenic mice compromised in oxida-134

tive buffering capacity (Shea and Rogers, 2002) and in AD135

(Lovell et al., 1995). These findings support the use of the136

TBAR assay for analyses of oxidative damage in nervous137

tissue and in cultured neurons.138

An additional potentail modification for the use of the139

TBARs assay for tissue homogenates would be to quench any140

additional formation of malondialdehydes from other “up-141

stream” free radicals during the assay itself; this can be ac-142

complished by inclusion of 0.1% butylated hydroxytoluene143

(BHT; Jo and Ahn, 1998). Since our intent is to quantify144

total products of oxidative damage, we did not incorporate145

BHT into our protocol. We note, however, that inclusion of146

BHT in half of duplicate samples would give an index of147
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