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Abstract Tannic acid widely exists in plants, which
forms a part of human diet. The antioxidant activity of
tannic acid was evaluated by the chemical and cellular
antioxidant assays. And its o-amylase inhibitory activity
and behavior were also investigated. It was found that
hydrogen- and electron donating capacities of tannic acid
were higher than those of tertiary butylhydroquinone
(TBHQ) based on reducing power, ABTS and DPPH
radical scavenging assays. But for its low hydrophobic
property, the antioxidant activity of tannic acid in linoleic
acid system was inferior to that of TBHQ. In the cellular
antioxidant assay, tannic acid showed the higher activity
than gallic acid in the “PBS wash” protocol, which could
attribute to its high binding capacity of cell membrane.
Compared with acarbose, tannic acid possessed the
stronger o-amylase inhibitory capacity. And the static
fluorescence quenching of o-amylase in the presence of
tannic acid could be also observed, which was caused by
their binding interaction.
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Introduction

Polyphenols widely exist in teas, fruits and medicinal
plants, which form a part of human diet. It is believed that
the enough intake of polyphenol-rich plant foods can
reduce the risk of diabetes, hypertension, obesity and
cancers (Gajaria et al. 2015; Baharfar et al. 2015; Ruel
et al. 2013), which can be partly explained by the strong
antioxidant and enzyme inhibitory activities of polyphenols
(Cuevas-Juarez et al. 2014; Ali et al. 2011; Girish et al.
2012). Tannins are also a kind of polyphenols in plants,
which include two categories: hydrolysable tannin and
condensed tannin. The former could be regarded as the
polymer of gallic acid or ellagic acid while the latter is the
polycondensate of flavanol (Arapitsas 2012). For its
astringency or puckery taste, tannins are often identified as
the “undesired” ingredient in plant foods by the consumers
(Jauregi et al. 2016). Today, tannins are receiving more and
more attention for its ubiquitous existence in plant foods
and potential bioactivities (Figueroa-Espinoza et al. 2015;
Ricci et al. 2016; Karama¢ 2010). It was found that the
hydrolyzable tannins from the fruits of Terminalia chebula
Retz possessed the potent o-glucosidase inhibitory activity
(Lee et al. 2017). Xiao et al. (2015) evaluated the o-glu-
cosidase and trypsin inhibitory activities of tannic acid.
And the ellagitannins could be related to the fight and
prevention of oxidative related diseases (Larrosa 2010).
But compared with the small polyphenols such flavonoids
and phenolic acids, the research about the bioactivities of
tannins is still insufficient, which could limit our under-
standing about their potential functions in foods. In view of
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this, the antioxidant activities of tannic acid, a kind of
commercial tannin, were systematically evaluated by the
chemical and cellular antioxidant assays. And its o-amy-
lase inhibitory activity and behavior were also investigated.

Materials and methods
Chemicals

2'-Azobis-amidinopropane (AAPH), dichlorofluorescin
diacetate  (DCFH-DA),  2,2-dipheny-l-picrylhydrazyl
(DPPH), pancreatic a-amylase, quercetin, linoleic acid,
soluble starch, gallic acid and 2,2'-azino-bis(3-ethylben-
zothiazoline-6-sulfonic acid) diammonium salt (ABTS)
were the products of Sigma (St. Louis, MO, USA). Tertiary
butylhydroquinone (TBHQ) and tannic acid were purchased
from Aladdin (Shanghai, China). HepG2 cell line was from
American Type Culture Collection (Rockville, MD). Wil-
liams’ medium E, heparin and insulin were obtained from
Gibco. All other chemicals were of analytical grade.

DPPH radical scavenging assay

The DPPH radical scavenging activities of tannic acid and
TBHQ were measured by using a published method (Wang
et al. 2015). Briefly, the ethanol solution of the sample
(2 mL) at different concentrations and DPPH ethanol
solution (2 mL, 2 x 1074 mol/L) were mixed and incu-
bated for 30 min at room temperature. Then the absorbance
of the sample (Agympie) Was read at 517 nm by using a
UNICO spectrometer (Shanghai, China). The absorbance
of the control (Aconuor) containing ethanol instead of the
sample was also measured at the same experimental con-
ditions. In the end, the DPPH radical scavenging activity of
the sample could be calculated according to the following
equation:

DPPH radical scavenging activity
= [(ACOHtrol - ASample)/AConlrol] x 100%

ABTS radical scavenging assay

The ABTS radical scavenging assay of tannic acid and
TBHQ was performed according to a published method
(Zhu et al. 2011). The aqueous solution of sample
(0.15 mL) at different concentrations was mixed with the
ABTS solution (2.85 mL). After incubated for 10 min, the
absorbance of the obtained mixture (Agampie) at 734 nm was
determined by a UNICO spectrometer (Shanghai, China).
The absorbance of the control (Acongror) CONtaining water
instead of the sample was also measured under the same

conditions. And the ABTS radical scavenging activity of
the sample was obtained from the following equation:

ABTS radical scavenging activity
= [(ACOHtml - ASample)/AComrol] X 100%

Reducing power assay

The evaluation of reducing power of tannic acid and TBHQ
was carried out by using the reported method (Chen et al.
2016). 0.5 mL of the sample at different concentrations,
2.5 mL of PBS (0.2 mol/L, pH 6.6) and 2.5 mL of 1%
K5Fe(CN)g were mixed and incubated at 50 °C for 20 min.
The cooled solution was mixed with 2.5 mL of 10% TCA
(trichloroacetic acid) and centrifuged at 3000 rpm for
10 min. 0.5 mL of 0.1% FeCl; and 2.5 mL of water were
added to the supernatant (2.5 mL). Then, the absorbance of
the obtained solution at 700 nm was measured by a UNICO
spectrometer (Shanghai, China), which represented the
reducing power of the sample at certain concentration.

Antioxidant assay in linoleci acid system

The antioxidant activities of tannic acid and TBHQ in
linoleic acid were determined to reflect their antioxidant
capacities in the lipophilic system according to the previ-
ous study (Sakanaka et al. 2004). 0.2 mL of the sample at
5 pg/mL, 2 mL of 2.5% linoleic acid in ethanol, 4 mL of
PBS (0.05 M, pH 7.0) and 4 mL of water were mixed and
kept at 40 °C for 30 min. The oxidation of linoleic acid
was determined at the interval of 12 h according to the
ferric thiocyanate method. Briefly, the reaction solution
(0.1 mL), 30% ammonium thiocyanate (0.1 mL), 75%
ethanol (8 mL) and 20 mM FeCl, (0.1 mL) were mixed.
Then, its absorbance at 500 nm was measured, which
reflected the oxidation degree of linoleic acid.

Cellular antioxidant assay

The cellular antioxidant activities of tannic acid and gallic
acid were evaluated by using a published method (Chen
et al. 2015). HepG2 cells were incubated on a 96-well
microplate at 37 °C for 24 h with the cell density of
6 x 10*well and the growth medium addition of 100 pL/
well. After the growth medium in the wells was replaced
by 100 pL of the growth medium containing tannic acid
and 50 pM DCFH-DA, the cells were incubated for 1 h.
Then, two protocols were carried out. For the “no PBS
wash” protocol, 600 pM AAPH was directly added to the
wells containing the cells and tannic acid. For the “PBS
wash” protocol, before 600 pM AAPH was added, the
growth medium with tannic acid was replaced with 100 pL
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PBS. The fluorescent data of each well at the emission
wavelength of 535 nm and the excitation wavelength of
485 nm was collected and processed to obtain the ECsy
value and CAA value (umol of quercetin/100 g of sample).

o-Amylase inhibition assay

The o-amylase inhibitory activity of tannic acid with
acarbose as the positive control was determined according
to the procedure described with some modification (Ranilla
et al. 2010). Briefly, 0.3 mL of the sample at different
concentrations and 1 mL of 15 pg/mL pancreatic o-amy-
lase in 0.1 M PBS (pH 6.8) were mixed and kept at 37 °C
for 30 min. Then, 1.5 mL of dinitrosalicylic acid colour
reagent was added the reaction solution. The obtained
mixture was incubated in a boiling water bath for 15 min.
After the mixture was cooled to room temperature, its
absorbance at 540 nm was read as Agympie- And the
absorbance of the control (Aconwo)) containing water
instead of the sample was also measured under the same
conditions. And the a-amylase inhibition activity of the
sample could be obtained from the following formula:

o—Amylase inhibition assay
= [(ACOmrol - ASample)/AC()mml] x 100%

Binding evaluation of tannic acid and a-amylase

The binding behavior of tannic acid to o-amylase was
evaluated by spectrofluorimetry. 4 mL of a-amylase solu-
tion (0.5 mg/mL) and 1 mL of tannic acid at different
concentrations were mixed and incubated for 20 min at 25
and 37 °C. Then the fluorescence spectrum was recorded
on a Cary Eclipse fluorimeter (Agilent, USA) with the
excitation wavelength at 295 nm and the emission wave-
length in the range of 330-550 nm. Both the excitation and
emission slit widths were set at 5 nm.

Statistical analysis

The results of three replicates were expressed as mean £
SD. The Student’s t test was applied for the statistical
comparison. And the p value of < 0.05 was considered to
be significant.

Results and discussion

Chemical antioxidant activity

The chemical antioxidant activity of tannic acid was
evaluated with TBHQ as the positive control in this study,
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which is a kind of synthetic antioxidant and widely applied
in food industry (Zhao et al. 2017). In order to give the
better understand of the antioxidant functions of tannic
acid, four authoritative antioxidant assays were carried out,
which were commonly used for antioxidant evaluation of
plant components (Zou et al. 2004). The DPPH and ABTS
radical scavenging assays were applied to reflect the
H-donating capacity of the sample. It was found that the
ICs5o values of the DPPH and ABTS radical scavenging
activities of tannic acid were 4.87 and 18.68 pg/mL,
respectively. And the corresponding ICs, values of TBHQ
were 8.63 and > 30 pg/mL, respectively (Fig. 1). The
H-donating capacity of tannic acid was higher than that of
TBHQ. The reducing power assay could represent the
electron-donating ability of the sample. As show in Fig. 1,
the linear relationship between the concentration of the
tested sample and reducing power could be found. And the
performance of tannic acid was superior to that of TBHQ.
But the antioxidant activity of tannic acid in the linoleic
acid system was significantly inferior to that of TBHQ. It
could be referred that the galloyl groups of tannic acid
could lead to its strong hydrogen- and electron- donating
capacities. But the poor hydrophobic property of tannic
acid resulted in its low antioxidant activity of tannic acid in
linoleic acid system.

Cellular antioxidant activity

The traditional antioxidant assays measure the antioxidant
activity of the sample in the chemical models, which fail to
reflect its actual antioxidant activity in vivo and bioavail-
ability (Wolfe et al. 2008). As a result, the cellular
antioxidant activity was established by using the HepG2
cell line. And the results could be expressed as ECs value
inhibiting peroxyl radical-induced oxidation and CAA
value. The lower ECsq value or higher CAA value means
the stronger cellular antioxidant activity. In this study, the
cellular antioxidant activities of tannic acid and gallic acid
were compared in the “PBS wash” and “no PBS wash”
protocols (Fig. 2). It was found that the performance of
gallic acid in “no PBS wash” protocol with the ECs, value
of 5.61 £0.59 pg/mL..  and CAA  value of
189,089.21 +£ 19,906.49 pumol quercetin/100 g sample was
superior to that of tannic acid with the ECsy value of
7.80 £ 0.12 pg/mL and CAA value of
135,065.26 £ 2159.91 pmol  quercetin/100 g  sample,
which suggested that gallic acid possessed the higher
overall antioxidant activity in the test system. Compared
with the “no PBS wash” protocol, the “PBS wash” pro-
tocol can reflect the intracellular antioxidant activity of the
tested bioactive compounds (Wolfe and Liu 2007). And in
this protocol, the antioxidant activity of tannic acid (ECsy,
13.19 £ 0.82 pg/mL; CAA, 101,734.35 + 6099.02 pg/
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mlL) was higher than that of gallic aicd (ECs,
65.83 £ 4.32 pg/mL; CAA, 20,387.27 £ 1296.28 pg/
mL), which suggest that compared with gallic acid, tannic
acid as the polymer of gallic aicd had the higher intracel-
lular antioxidant activity. In our previous study, we also
found the cellular antioxidant activity the polymer of cat-
echin and glyoxylic acid in was higher than that of catechin
in the “PBS wash” protocol (Geng et al. 2016), which
coincided with the result in this study. This phenomenon
could be explained by the improvement of binding capacity
of cell membrane, which was caused by the
polymerization.

a-Amylase inhibitory activity

The salivary and pancreatic a-amylases usually account
for the digestion of food starch in the human body, which

have the significant impact on the blood glucose level
(Oboh and Ademosun 2011). And many synthetic
medicines (such as acarbose and voglibose) for the man-
agement of type-2 diabetes have the a-amylase inhibitory
capacities (Xiao and Hogger 2015). For the potential
toxicity and side effect of these synthetic drugs, the
requirements for the natural o-amylase inhibitors are
increasing (Yao et al. 2013; Liu et al. 2013). Although
tannic acid widely exists in plants, there were few reports
about its o-amylase inhibitory activity. As shown in
Fig. 3, the o-amylase inhibitory activity of tannic acid
was measured with acarbose as the positive control. And
the a-amylase inhibitory activity was superior to that of
acarbose. The ICsq values of tannic acid and acarbose
were 3.46 and 10.40 pg/mL, respectively. It was reported
that the longan pericarp proanthocyanidins containing
dominant catechin/epicatechin units with a mean degree
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Fig. 3 o-Amylase inhibitory activities of tannic acid and acarbose

of polymerisation of 3.3 was a strong o-amylase inhibitor
with the ICs5o of 75 pg/mL (Fu et al. 2015). But the o-
amylase inhibitor performance (ICsq, 554.4 g/mL) of
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sorghum condensed tannins (Links et al. 2015) was far
lower than that of our result, which could be due to the
higher degree of polymerization of tannic acid.

In order to investigate the binding behavior, the effect of
tannic acid on the fluorescence spectrum of a-amylase at
25 and 37 °C were measured (Fig. 4). With the increase of
the concentration of tannic acid ([Q]), the intrinsic fluo-
rescence intensity (F) of o-amylase gradually decreased.
The quenching constants between tannic acid and o-amy-
lase at 25 and 37 °C could be obtained based on the fol-
lowing Stern—Volmer equation (Li et al. 2009):

Fo/F = 1+KqT0[Q]

To is the average life of fluorescent substance without
quencher, valued about 1078 s (Li et al. 2009). Both the
quenching constants (Kg) at 25°C (4.556 x 10" -
L mol~' s™Y and 37 °C (4.172 x 10" L mol~! s7!) were
higher than 2 x 10'°, which was the maximum quenching
constant for the dynamic quenching. It could be concluded
that the fluorescence quenching of a-amylase belonged to
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Fig. 4 Effect of tannic acid on fluorescence spectrum of a-amylase at
298 and 310 K

the static quenching caused by the formation of its complex
with tannic acid. And the binding constants (K,) and the
number of binding site (n) between tannic acid and o-
amylase could be calculated according to the double-log-
arithm equation (Yang et al. 2016):

lg(Fo — F)/F = 1gK, + nig[Q]

The binding constant (K,) at 37 °C (4.23202 x 10° -
L mol™!) was inferior to that at 25 °C (4.60628 x 10°
L mol™ "), which suggested the binding interaction of a-
amylase with tannic acid led to its fluorescence quenching
since the increasing temperature could have the negative
effect on the stability of the complex. And the number of
binding sites at 25 and 37 °C were 1.7043 and 1.6915,
respectively. It could be concluded that they could bind at
the molar ratio of 2, which should attribute to the large
volume of tannic acid.

Conclusion

Compared with TBHQ, tannic acid possessed the stronger
reducing power, DPPH and ABTS radical scavenging
activities while its antioxidant activity in linoleic acid
system was inferior to that of TBHQ. The cellular
antioxidant activity of tannic acid was superior to that of
gallic acid in the “PBS wash” protocol, which could
attribute to its high binding capacity of cell membrane.
And the o-amylase inhibitory activity of tannic acid was
superior to that of acarbose. The static fluorescence
quenching of a-amylase could be also observed, which was
caused by its binding interaction with tannic acid. In view
of the ubiquitous existence of tannic acid in plants, our
results can be helpful to understand the antioxidant and
anti-diabetes functions of the plant foods.
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