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ABSTRACT In this study, the protective effect of sweet potato extract against hydrogen peroxide-induced oxidative stress

and cytotoxicity on the pheochromocytoma cell line (PC12) was investigated. The active component of the sweet potato

extract was purified and determined to be 2,4-di-tert-butylphenol. The antioxidant capacity of 2,4-di-tert-butylphenol was

measured by using 2,20-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid (ABTS) radical. To examine the effects of 2,4-di-tert-

butylphenol on amyloid-beta peptide (Ab1-42)-induced learning and memory impairment in mice, in vivo behavioral tests were

performed. Administration of 2,4-di-tert-butylphenol increased alternation behavior in mice injected with Ab1-42. These

results suggest that sweet potato extract could be protective against Ab-induced neurotoxicity, possibly due to the anti-

oxidative capacity of its constituent, 2,4-di-tert-butylphenol.
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INTRODUCTION

Oxidative stress has been linked to a variety of neu-
rodegenerative disorders such as Alzheimer’s disease

(AD).1 AD is a progressive brain degenerative disorder that
is characterized by neuronal loss, neurofibrillary tangles, and
abnormal deposition of senile plaque and amyloid beta
peptide (Ab).2 Ab overproduction leads to the intracellular
accumulation of reactive oxygen species (ROS), which
eventually results in peroxidation of the cell membrane,
modification of proteins, DNA/RNA damage, and cell
death.3–5

Natural antioxidants have been reported to block oxida-
tive stress induced by free radicals and by ROS. The use of
natural products to treat chronic diseases, particularly those
that require long-term treatment, is gaining popularity.6,7

Many phytochemicals are recognized to be safe and have
been shown to possess potential health-promoting and
therapeutic effects that include boosting the immune system,
detoxifying the body, and providing nutritional benefits.8

The role of phytochemicals in disease prevention has been
attributed to the antioxidant properties of their phenolic
compounds.9–12 Thus, antioxidants may slow cognitive de-
cline and the progression of AD.13–15

In our previous experiments, sweet potato extract ex-
hibited potent inhibitory activity against oxidative stress in
both pheochromocytoma (PC12) cells and Ab1-42-injected
imprinting control region (ICR) mice. Thus, the sweet potato
extract effectively reversed the deleterious effects of the
oxidative damage in the in vitro and in vivo models. More-
over, biochemical experiments using brain tissues showed
lowered oxidative stress levels.16 However, the protectant
compound has not been identified. In this study, we sought to
identify the active component of the sweet potato extract.
The active component was purified sequentially through
silica gel column chromatography and high-performance
liquid chromatography (HPLC). To obtain the chemical
structure of the active component, electron ionization mass
spectrometry (EI-MS) and 13C/1H- nuclear magnetic reso-
nance (NMR) were performed. The active component was
identified as 2,4-di-tert-butylphenol.

In our previous study, pomegranate extract, which con-
tains 2,4-di-tert-butylphenol, was shown to possess antiox-
idant and neuronal protective effects. The pomegranate
ethanol extract mitigated hydrogen peroxide (H2O2)-induced
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oxidative stress in PC12 cells. To examine the effects of
pomegranate extract on Ab1-42-induced learning and mem-
ory impairment in mice, in vivo behavioral tests were
performed. Treatment with pomegranate extract increased
step-through latency in mice injected with Ab1-42.17 This
protective effect against learning and memory impairment
induced by Ab1-42 might be due to the antioxidant capacity
of the 2,4-di-tert-butylphenol.

In this study, ABTS radical assay was used to confirm the
antioxidant capacity of 2,4-di-tert-butylphenol. The vitamin
C-equivalent antioxidant capacity (VCEAC) was also cal-
culated. Finally, the protective effect of 2,4-di-tert-butyl-
phenol against oxidative stress-induced learning and memory
impairment was measured in Ab1-42-injected ICR mice.

MATERIALS AND METHODS

Chemicals

H2O2, amyloid beta peptide (Ab1-42), dimethyl sulfoxide
(DMSO), 20,70-dichlorofluorescein diacetate (DCF-DA), 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), 2,20-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)
diammonium salt (ABTS2 - ), 2,4-di-tert-butylphenol, and
ascorbic acid were purchased from Sigma Co. (St. Louis,
MO, USA). 2,20-azobis-(2-amidinopropane) dihydrochloride
(AAPH) was purchased from Wako Chemicals USA, Inc.
(Richmond, VA, USA). Ab42-1 was purchased from BA-
CHEM (Bubendorf, Switzerland). The RPMI 1640 medium,
horse serum from a donor herd, fetal bovine serum, and an-
tibiotic–antimycotic were purchased from Gibco-BRL�
(Grand Island, NY, USA).

Extraction

Dried sample was placed in a flask with five volumes of
ethanol. Sample was incubated on a shaker for 24 h at 1.57 g
and then filtered through a filter paper No. 42 (Whatman
International Ltd., Maidstone, United Kingdom). The sample
residue was collected, and the above-mentioned extraction
process was repeated five times. The supernatant of the eth-
anol extract was separated from the residual sample material,
and then concentrated in a rotary evaporator (EYELA, Tokyo,
Japan) under reduced pressure at 37�C.

Isolation of 2,4-di-tert-butylphenol

The sweet potato extract (214 g) was dissolved in distilled
water and was sequentially partitioned using n-hexane,
chloroform, and ethyl acetate, three times in each. Among
the nine fractions obtained from the solvent partitioning, the
first chloroform fraction (1.2 g) was analyzed by using thin
layer chromatography (TLC). The first chloroform fraction
was evaporated and then dissolved in absolute ethanol
(400 mg/mL), followed by separation on the silica gel TLC
plate (30 · 30 cm; Merck, Darmstadt, Germany). To isolate
the active compound from the band (Rf value = 0.28) of the
preparative TLC, the HPLC system coupled with the 2996
photodiode array detector was utilized (Waters 2690 appa-
ratus, Milford, MA, USA). A C18 l-Bondapak� column

(reverse-phase column, size: 3.9 · 150 mm) was employed
at 23�C, with a flow rate of 0.5 mL/min and wavelength of
200–800 nm. Separation was conducted using a 95-min
linear gradient of 0–100% ethanol (Merck).

Cell cultures

The rat PC12 cell line was obtained from American Type
Culture Collection (ATCC, CRL-1721) and was cultured in
the RPMI 1640 medium supplemented with 10% horse
serum (v/v), 5% fetal bovine serum (v/v), and 1% antibiotic–
antimycotic (v/v). The cells were cultured in 100-mm tissue
culture dishes (Falcon�; DB Biosciences, Franklin Lakes,
NJ, USA) and maintained in a water-saturated incubator at
37�C with 5% CO2 atmosphere. The cells were subcultured
when a confluency of 80–90% (split ratio 1:4) was reached.
The medium was replaced approximately three times a week.

Measurement of cellular oxidative stress

Cellular oxidative stress, as indicated by ROS levels, was
measured by using a DCF-DA assay. The PC12 cells were
pretreated with the sample for 48 h and then exposed to
H2O2 for 2 h. At the end of the treatment, the cells were
incubated with 50 lM DCF-DA for 50 min, and DCF was
quantified with a fluorometer (GENios, Tecan Ltd., Män-
nedorf, Switzerland) using 485 nm excitation and 535 nm
emission filters. The results are given as a percent relative to
the oxidative stress of the control cells, which were set to
100%.18

Oxidative stress ð%Þ¼ 100ðquantified DCF of sample

and H2O2 treated cells=quantified

DCF of untreated control cellsÞ

Measurement of cell viability

Cell viability was evaluated using MTT reduction. Cells
were preincubated with the sample for 48 h before H2O2 was
added. They were then treated with H2O2 for 2 h. MTT re-
duction was initiated by adding 10 lL of MTT stock solu-
tion (2.5 mg/mL) per well, and the plates were incubated at
37�C. After a 3-h incubation, the reaction was stopped by
adding 150 lL of DMSO. The absorbance was measured at
570 nm. The reference wavelength was then determined at
630 nm using a microplate reader (Model 550; BIO-RAD
Laboratories, Hercules, CA, USA).18

VCEAC assay using ABTS radicals

ABTS radical anion was used as described previously.19

Briefly, 1.0 mM AAPH was mixed with 2.5 mM ABTS2 - in
phosphate-buffered saline (pH 7.4). The mixed solution was
heated in a water bath at 70�C for 30 min. The resulting
ABTS solution was diluted to absorbance of 0.650 – 0.020 at
734 nm. Twenty microliters of the sample was mixed with
980 lL of the ABTS radical solution. The mixture was in-
cubated in a water bath at 37�C for 10 min. The decrease of
absorbance at 734 nm was measured at the end of 10 min.
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Animals

The ICR mice (5-week-old males) were purchased from
DBL (Eumseong, Korea) and behavioral studies were per-
formed to assess whether the Ab1-42-induced neurotoxicity
could be mitigated by supplementing the diet with 2,4-
di-tert-butylphenol. The mice were housed in a room
maintained at 23�C – 2�C with a 12-h light/12-h dark cycle
and fed a commercial diet (Purina Korea, Seoul, Korea)
supplemented with 2,4-di-tert-butylphenol for 4 weeks
ad libitum. The 2,4-di-tert-butylphenol was mixed with the
commercial diet at concentrations of 5, 10, 20, and 40 mg/kg
of body weight per day. Subsequently, Ab1-42 was admin-
istered by means of intracerebroventricular (ICV) injection.
The control group was injected with the nontoxic reverse
fragment, Ab42-1, and the Ab group was injected with
410 pmol of Ab1-42 per mouse. For each injection, the Ab
was dissolved in a 0.85% (v/v) sodium chloride solution.
Each mouse was injected at the bregma with a Hamilton
microsyringe (depth: 2.5 mm, injection volume: 5 lL, dose:
410 pmol/mouse). The sample groups (Bp5, Bp10, Bp20,
and Bp40) were injected with Ab1-42 after their diets were
supplemented with 2,4-di-tert-butylphenol.

Y-maze test

A Y-maze test was carried out 3 days after Ab injection.
The maze was made of black plastic, and each arm of the
maze was 33 cm long, 15 cm high, 10 cm wide, and posi-
tioned such that the arms were equidistant from each other.
Each mouse was placed at the end of one arm and allowed to
move freely through the maze during an 8-min period. The
sequence of arm entries was recorded manually. Possible
alternation was defined as entry into all three arms consec-
utively by choice in overlapping triplet sets. The percentage
of spontaneous alternation behavior was calculated as the
ratio of actual to possible alternations.

Alternation behavior ð%Þ¼ 100 · fpossible alternations=

ðtotal number

of arm entries�2Þg

Passive avoidance test

The passive avoidance test was carried out 7 days after the
Ab injection. The apparatus consisted of an illuminated
chamber connected to a dark chamber. On the first day, an
acquisition trial was performed. Each mouse was placed in
the apparatus and left for a 1-min period with no light or
shock followed by a 2-min period with light and no shock to
habituate the mice to the apparatus. Subsequently, the mice
were individually placed in the illuminated chamber. Im-
mediately after entering the dark chamber, an inescapable
scrambled electric shock (0.5 mA, 1 sec) was delivered
through the floor grid. The mice were then returned to their
cages. Twenty-four hours later, each mouse was again
placed in the illuminated chamber (retention trial). The in-
terval between placement into the illuminated chamber and

entry into the dark chamber was measured as the step-
through latency. The maximum testing limit for step-
through latency was 300 sec.

Statistical analysis

Data are expressed as mean – SD. The data were analyzed
by using one-way ANOVA followed by the post hoc
Tukey’s multiple comparison test.

RESULTS

Measurement of cellular oxidative stress

To evaluate the effect of sweet potato extract on the ox-
idative stress levels in PC12 cells, ROS levels were mea-
sured by using DCF-DA assay. The intracellular ROS levels
resulting from H2O2 treatment were significantly lower in
cells that were pretreated with the sweet potato extract, than
those in the H2O2-treated cells. In addition, the pretreated
cells showed a dose-dependent decrease in ROS levels
(Fig. 1). As expected, the cells exposed to H2O2 alone, ex-
hibited a drastic increase (250%) in ROS levels.

Measurement of cell viability

To evaluate the protective effect of the extract against
H2O2-induced neurotoxicity, a MTT reduction assay was
used to measure the cell viability. As shown in Figure 2, cell
viability diminished due to H2O2 exposure (60%). The data
show that the cytotoxicity reduction was proportional to the
extract concentration. These data clearly demonstrate the
potent protective effect of the extract against H2O2.

Isolation of 2,4-di-tert-butylphenol from sweet potato

Solvent partitioning followed by TLC and HPLC were
used to separate the active compound from the sweet potato
extract. The extract was first fractioned using three solvents
(n-hexane, chloroform, and ethyl acetate) sequentially. The

FIG. 1. Effect of sweet potato extract on oxidative stress in PC12.
All groups were treated with 100 lM H2O2. Sample groups were
preincubated with the extract (0.05, 0.1, 0.15, or 0.2 mg/mL) for 48 h
before H2O2 treatment. Data represented as mean – SD (n = 4).
*, x, {, #P < .01 versus control group. H2O2, hydrogen peroxide.
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first chloroform fraction was further separated using TLC.
The separated band (Rf = 0.28) showed the strongest effect.
The selected band was extracted and evaporated under re-
duced pressure at 39�C, and the obtained sample was dis-
solved in ethanol and analyzed with HPLC using a C18

l-bondapak� column. The data were monitored over the
range 200–800 nm, and the detection wavelength was
251.2 nm. A significant peak appeared at 40 min (Fig. 3).

The sample collected using HPLC was dissolved in ethanol.
In the EI-MS, the molecular weight of the putative active
component was 206 m/z. This peak was then analyzed by
EI-MS and 13C/1H-NMR, and the active compound was fi-
nally identified as 2,4-di-tert-butylphenol.

Vitamin C equivalent antioxidant capacity

The antioxidant potential of the 2,4-di-tert-butylphenol
was evaluated by using ABTS radical anions. The VCEAC
standard curve was calculated by using the amount of ab-
sorbance reduction and concentration of vitamin C. 2,4-Di-
tert-butylphenol and vitamin C scavenged ABTS radical
anions in a dose-dependent manner (Fig. 4a). Antioxidant
capacity of 2,4-di-tert-butylphenol was converted to
VCEAC on a weight basis. As shown in Figure 4b, antiox-
idant capacity 2,4-di-tert-butylphenol is half of that of vi-
tamin C. The correlation between 2,4-di-tert-butylphenol
and VCEAC was calculated (R2 = 0.9975).

Y-maze test

The Y-maze test was carried out 3 days after the Ab
injection. The control group was injected with the nontoxic
reverse fragment, Ab42-1. The Ab group was injected with
410 pmol of Ab1-42 per mouse. The Ab1-42-injected mice
(group Ab) exhibited a significantly impaired spatial
working memory (20% decrease in alternation behavior) as
compared to that of the control group. Administration of diet

FIG. 2. Protective effect of sweet potato extract against H2O2-
induced neurotoxicity. All groups were treated with 100 lM H2O2.
Sample groups were preincubated with the extract (0.05, 0.1, 0.15,
0.2 mg/mL) for 48 h before H2O2 treatment. Data represented as
mean – SD (n = 4). *, xP < .01 versus control group.

FIG. 3. Isolation of 2,4-di-tert-butylphenol from sweet potato extract using HPLC. A C18 l-Bondapak column (reverse-phase column;
3.9 · 150 mm) was used at a flow rate of 0.5 mL/min and a wavelength of 200–800 nm. The monitoring wavelength was 251.2 nm. HPLC, high-
performance liquid chromatography.
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supplemented with 2,4-di-tert-butylphenol increased the
spontaneous alternation behavior in the Ab1-42-injected
mice (Fig. 5). In contrast, the number of arm entries and
brain weight did not change among all the experimental
groups (Table 1).

Passive avoidance test

The passive avoidance test was carried out 7 days after
Ab injection. The Ab1-42-injected mice displayed a signifi-
cant reduction in the step-through latency time (98-sec de-
crease) as compared to that of the control group. Thus, the
2,4-di-tert-butylphenol diet attenuated the Ab1-42-induced
impairment of mice in the passive avoidance test (Fig. 6).

DISCUSSION

Amyloid b accumulation in the brain is a pathological
hallmark of AD and promotes the disease progression.20 In
AD, Ab is one of the major factors causing activation,
whereas the ROS produced by activated microglial cells
plays a critical role in the AD pathogenesis. Some phyto-
chemicals have been reported to prevent hydroxyl radical-
induced apoptosis in cultured neurons and to decrease

oxidative stress.7,21,22 In vitro studies using cell cultures
have demonstrated the neurotoxic and the apoptotic effects
of ROS in brain regions affected by AD.23,24

Phenolic compounds are commonly found in plants. The
potential protective role of phenolic compounds against
oxidative damage-induced diseases that can be provided
by the consumption of fruits, vegetables, and herbs has
drawn considerable research interest. The importance of
antioxidant activity of phenolic compounds and their pos-
sible use in processed foods as a natural antioxidant, nota-
bly, phenolic compounds have been shown to exert potent

FIG. 4. Antioxidant potential of 2,4-di-tert-butylphenol. (a) Re-
lationship between 2,4-di-tert-butylphenol, vitamin C, and absor-
bance reduction of the ABTS radical at 734 nm. (b) Correlation
between 2,4-di-tert-butylphenol and vitamin C-equivalent antioxidant
capacity (VCEAC). Values represented as mean – SD (n = 4).

FIG. 5. Effect of 2,4-di-tert-butylphenol on mice subjected to the
Y-maze test. Control, injected with 410 pmol of Ab42-1; Ab, injected
with 410 pmol of Ab1-42 per mouse; BP5, injected with 410 pmol of
Ab1-42 per mouse and fed with 2,4-di-tert-butylphenol diet (5 mg/kg
of body weight per day); BP10, injected with 410 pmol of Ab1-42 per
mouse and fed with 2,4-di-tert-butylphenol diet (10 mg/kg of body
weight per day); BP20, injected with 410 pmol of Ab1-42 per mouse
and fed with 2,4-di-tert-butylphenol diet (20 mg/kg of body weight
per day); BP40, injected with 410 pmol of Ab1-42 per mouse and few
with 2,4-di-tert-butylphenol diet (40 mg/kg of body weight per day).
Values represented as mean – SD (n = 8). *P < .01 versus control
group. Ab, amyloid beta peptide.

Table 1. Effect of 2,4-Di-tert-butylphenol Diet

on Total Arm Entries and Brain Weight

Total arm entries Brain weight (g)

Control 0.47 – 0.01 0.47 – 0.01
Ab 0.46 – 0.02 0.46 – 0.02
BP5 0.46 – 0.03 0.46 – 0.03
BP10 0.48 – 0.01 0.48 – 0.01
BP20 0.47 – 0.02 0.47 – 0.02
BP40 0.47 – 0.02 0.47 – 0.02

Values represent the mean – SD (n = 8). Total arm entries and brain weight

did not change significantly. P < .01 versus control group.

Control, injected with 410 pmol of Ab42-1; Ab, injected with 410 pmol of

Ab1-42 per mouse; BP5, injected with 410 pmol of Ab1-42 per mouse and fed

with 2,4-di-tert-butylphenol diet (5 mg/kg of body weight per day); BP10,

injected with 410 pmol of Ab1-42 per mouse and fed with 2,4-di-tert-

butylphenol diet (10 mg/kg of body weight per day); BP20, injected with

410 pmol of Ab1-42 per mouse and fed with 2,4-di-tert-butylphenol diet

(20 mg/kg of body weight per day); BP40, injected with 410 pmol of Ab1-42

per mouse and fed with 2,4-di-tert-butylphenol diet (40 mg/kg of body weight

per day).
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antioxidant effects.10,25–27 In addition, some compounds
have been found to inhibit neurotoxicity through their an-
tioxidant properties.14,28 Thus, some phenolic acids have
been suggested to be useful in managing oxidative stress-
induced disorders such as AD.7,29,30

In our previous study, sweet potato extract administration
to mice effectively reversed Ab-induced cognitive deficits
in the passive avoidance test without any acute toxicity.
Moreover, the extract administration reduced the lipid per-
oxidation level and increased the catalase activities, which
was demonstrated using biochemical studies of the brain
tissue of mice.16 A limitation of the above-mentioned study
was that the active compound was not isolated.

In this study, the protective effect of the sweet potato
extract against oxidative stress was first investigated in vitro.
The changes in the intracellular oxidative stress were mea-
sured using a DCF-DA assay. H2O2 is known to increase
free radical production in PC12 cells, leading to apoptosis
and cell death. The intracellular oxidative stress, induced by
H2O2 treatment, was significantly lower in the extract-
treated PC12 cells than that in the cells treated with H2O2

only. Furthermore, the sweet potato extract was shown
to protect PC12 cells from oxidative toxicity in a dose-
dependent manner. To further evaluate oxidative stress-
induced neurotoxicity, an MTT reduction assay was
performed. The assay determines the cell viability based on
the redox activity of living cells that convert MTT into a
purple formazan; a decrease in cellular MTT reduction
could be an index of cell damage. Corroborating the previ-
ous findings, cells pretreated with the extract displayed de-
creased H2O2-induced cytotoxicity. Moreover, the extract
dose dependently protected PC-12 cells from oxidative
stress-induced cell death. Taken together, the data indi-

cated that the extract contained the active protectant
against oxidative stress-induced cytotoxicity. To identify
the protectant compound, sweet potato extract was purified
by using a sequential purification process. The active
compound in the sweet potato extract was identified as 2,4-
di-tert-butylphenol, which is one of the phenolic antioxi-
dants. Antioxidant activities of this compound have been
previously studied. 2,4-Di-tert-butylphenol is routinely
used as an intermediate for the preparation of antioxidants
and UV stabilizers, and in the manufacturing of pharma-
ceuticals and fragrances. 2,4-Di-tert-butylphenol exhibits a
significant antioxidant activity.31 In a previous study, we
confirmed that the antiapoptotic effect of the pomegranate
extract was attributable to its inhibition of oxidative stress-
induced toxicity.17

The antioxidant capacity of 2,4-di-tert-butylphenol was
confirmed using the ABTS radical assay. There was a high
level of correlation between 2,4-di-tert-butylphenol and vi-
tamin C equivalent antioxidant capacity. This implied that
2,4-di-tert-butylphenol scavenged the ABTS radical anions in
a dose-dependent manner. 2,4-Di-tert-butylphenol from
sweet potato may supply substantial amounts of antioxidants,
which may provide health-promoting effects. The effect of
dietary administration of 2,4-di-tert-butylphenol extract on
behavioral abilities was examined using an AD animal model
based on an ICV Ab1-24 injection. A Y-maze test was used to
evaluate memory, learning abilities, and spontaneous alter-
nation behavior, which is regarded as a measure of spatial
memory. As shown in the Y-maze test and passive avoidance
test, Ab1-24–induced cognitive dysfunction was attenuated
in mice treated with the 2,4-di-tert-butylphenol diet. Thus,
the 2,4-di-tert-butylphenol diet mediated a significant anti-
amnesic effect in the mouse model.

In conclusion, the sweet potato extract, which contains
2,4-di-tert-butylphenol, was shown to have a protective ef-
fect against Ab1-24 by decreasing neuronal cell damage. This
protective effect might be due to the antioxidant capacity of
the 2,4-di-tert-butylphenol. Overall, we conclude that in-
creased consumption of sweet potato may inhibit, prevent,
or retard oxidative stress-induced disorders such as AD.
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