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Anti-oxidative Effect of Piperine from Piper nigrum L. in Caenorhabditis elegans
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Abstract — Piper nigrum L. (Piperaceae), which is a well-known food seasoning, has been used as a traditional
medicine for the treatment of vomiting, abdominal pain, diarrhea and anorexia in Korea, China and Japan.
Methanol extract from the fruit of P. nigrum was successively partitioned as n-hexane, methylene chloride, ethyl
acetate, n-butanol and H,O soluble fractions. Among those fractions the ethyl acetate soluble fraction showed the
most potent DPPH radical scavenging activity, and piperine was isolated from the ethyl acetate fraction. To know
the antioxidant activity of piperine, we tested the activities of superoxide dismutase (SOD) and catalase together
with oxidative stress tolerance and intracellular ROS level in Caenorhabditis elegans. To investigate whether
piperine-mediated increased stress tolerance was due to regulation of stress-response gene, we quantified SOD-3
expression using transgenic strain including CF1553. Consequently, piperine enhanced SOD and catalase
activities of C. elegans, and reduced intracellular ROS accumulation in a dose—dependent manner. Moreover,
piperine-treated CF1553 worms exhibited significantly higher SOD-3::GFP intensity.
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Introduction

Many reports indicate that reactive oxygen species
(ROS) play an important role in the defense mechanisms
of the body in the biological system. Although low levels
of ROS can be beneficial, excessive accumulation can be
responsible for the onset of several cellular reactions that
can have the harmful effects on the body, causing
biomolecule damage. Therefore, it is essential to counter
the dangerous effects that ROS can produce by using
antioxidants.' Oxidative stress is a phenomenon caused
by an imbalance between production and accumulation of
ROS in cells and tissues. Researchers are evaluating
medicinal plants to discover and investigate the new
antioxidant sources. Actually several antioxidants have
been used in recent years for their actual or supposed
beneficial effect against oxidative stress, such as vitamin
E and polyphenols including flavonoids.’ As a part of
investigations to identify the processes of aging and to
find cures for aging-associated disorders, several model
organisms have been developed, one example of which is
the nematode Caenorhabditis elegans is easy to culture
with an average lifespan of only about 3 weeks, and its
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whole genome has been completely sequenced, contri-
buting to the rapid progress in the research of aging.*

In the course of our continued efforts to find anti-
oxidant compounds related to lifespan-extending, the
methanol extract of Piper nigrum L. (Piperaceae) fruit
showed antioxidant activity, leading to chemical investi-
gation thereof. Although numerous pharmacological
effects of P nigrum were recognized, including anti-
cancer, analgesic, anti-inflammatory, and antimicrobial
activities,*® antioxidant property related to lifespan-
extending mechanism in C. elegans remains unexplored.
Activity-guided purification of the P nigrum methanol
extract enabled us to find the active component, piperine
(Fig. 1).To know the antioxidant activity of piperine in C.
elegans, we tested the activities of superoxide dismutase
(SOD) and catalase together with oxidative stress tolerance,
and intracellular ROS level. To investigate whether piperine-
mediated increased stress tolerance was due to regulation
of stress-response gene, SOD-3 expression was quantified

Fig. 1. Structure of piperine.
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using transgenic strain including CF1553.

Experimental

General — Normal-phase TLC was monitored on Merck
(Darmstadt, Germany) precoated silica gel F,s4 plates.
TLC spots were visualized under UV and by staining with
10% H,SO, in ethanol followed by heating. Silica gel
column chromatography was carried out using Kiesel gel
60 (230 - 400 mesh, Merck, Darmstadt, Germany). Sephadex
LH-20 (GE Healthcare, Uppsala, Sweden) was used for
performing gel filtration chromatography. HPLC separation
employed a JAI-GS310 column (20 x 500 mm, JAI, Tokyo,
Japan). NMR spectra were obtained from a JEOL JMN-
EX 600 spectrometer (Tokyo, Japan). The absorbance
was measured using a microplate reader (ELISA, Sunrise,
Grodig, Austria). Agar, 2',7'-dichlorodihydrofluoroscein
diacetate, juglone, catalase, xanthine, xanthine oxidase,
and nitroblue tetrazolium were purchased from Sigma (St.
Louis, USA). Peptone and yeast extracts were purchased
from BD bioscience (Sparks, USA).

Plant materials, extraction, and isolation — The dried
fruit of P. nigrum, purchased from an oriental drug store
(Bohwadang, Jeonju, Korea), was identified by one of the
authors (Kim, D. K.). A voucher specimen was deposited
in the herbarium of the College of Pharmacy, Woosuk
University (WSU-17-008). The plant material (500 g) was
extracted three times with methanol at 50 °C. The resulting
extract (75 g)was partitioned, providing n-hexane (1.3 g),
methylene chloride (12.2 g), ethyl acetate (0.4g), n-butanol
(2.3 g), and H,O soluble fractions. DPPH radical scavenging
effects of the four fractions was examined. The ethyl
acetate fraction showed the most potent DPPH radical
scavenging activity (Fig. 2). The ethyl acetate fraction
was divided into five subfractions (EA1—EAS) using
Sephadex LH-20 with 100% methanol. Purification trials
of the subfraction EA4 afforded piperine (60 mg, yield
0.12%) by successive column chromatographic methods
using silica gel (CHCl;: MeOH : H,O, 50 : 10 : 1) and JAI-
GS310 (pure MeOH) columns.

Piperine — '"H-NMR (600 MHz, CD;0D) §: 1.60 (4H,
m H-2",4"), 1.71 (2H, m, H-3"), 3.62 (4H, m, H-1", 5"),
5.96 (2H, s, O-CH,-0), 6.28 (1H, d, J=15.0 Hz, H-2),
6.80 (1H, d, /=8.4 Hz, H-5'), 6.83 (1H, d, J=16.2 Hz,
H-5), 6.90 (1H, dd, J=11.4, 16.2 Hz, H-4), 6.96 (1H, dd,
J=12, 8.4 Hz, H-6"), 7.09 (1H, d, J= 1.2 Hz, H-2"), 7.32
(1H, d, J=11.4, 15.0 Hz, H-3); "C-NMR (150 MHz,
CD;0D) &: 167.73 (C-1), 120.65 (C-2), 144.58 (C-3),
126.41 (C-4), 140.15 (C-5), 132.43 (C-1"), 106.68 (C-2'),
149.77 (C-3"), 149.79 (C-4"), 109.36 (C-5'), 23.88 (C-6"),
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Fig. 2. DPPH radical scavenging effects of the MeOH extract and
its subsequent fractions from Piper nigrum L.

102.72 (O-CH,-0), 44.54 (C-1"), 26.90 (C-2"), 25.56 (C-
3", 27.89 (C-4"), 48.12 (C-5"). Structure elucidation of
piperine was performed by its data compared with the
reported data in the literature.’

C. elegans strains and maintenance — The worms
were grown at 20 °C on nematode growth medium (NGM)
agar plates in the presence of Escherichia coli strain
OP50, as described previously.'” In order to prepare the
plates supplemented with the sample to be tested, the
solution of piperine in DMSO was inserted into sterilized
NGM plates at 50 °C to afford a final concentration of
0.1% (v/v). The wild-type Bristol N2 and E. coli OP50
strains were kindly provided by prof. Dong Seok Cha
(Woosuk University, Korea).

Determination of oxidative stress resistance — Oxi-
dative stress tolerance was tested as previously described
with minor modification."" Briefly, on the 7th day of
adulthood, the age-synchronized worms were relocated to
a 96-well plate containing 1 mM of juglone, as well as
various concentrations of piperine. Their survival rates
were observed over 35 h.

Measurement of antioxidant enzyme activities —
Homogenates of the worms were prepared for evaluation
of enzymatic activities. Briefly, the wild-type N2 worms
were harvested on the 5th day of adulthood, and were
washed three times with M9 buffer. The worms collected
were suspended in buffer (10 mM Tris-HCI, 150 mM
NaCl, 0.1 mM EDTA, pH 7.5) and homogenized on ice.
The SOD activity was evaluated by spectrophotometric
analysis of formazan production derived from the enzymatic
reaction between xanthine and xanthine oxidase. The
reaction mixture contained 5 pL. of the worm homogenates,
120 puL. of 0.57 mM xanthine, and 0.24 mM nitrobluetetra-
zolium (NBT) in 10 mM phosphate buffer (pH 8.0). After
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pre-incubation for 5 minutes at room temperature, the
reaction was initiated by the addition of 100 uL of
xanthine oxidase (0.05 U/ml) followed by incubation for
20 min at 37 °C. The reaction was stopped when 275 uL
of 69 mM SDS was added, and then absorbance of the
mixture was measured at 570 nm. The catalase activity
was examined using a spectrophotometric method as
previously described.'” Briefly, the prepared homogenates
were mixed with 25 mM H,O,. After 3 min incubation,
absorbance of the mixture was detected at 240 nm. The
enzymatic activities were expressed as a percentage of the
scavenged amount per control.

Analysis of intracellular ROS" — Analysis of intra-
cellular ROS generated in the nematodes employed the
molecular probe 2',7-dichlorodihydrofluoroscein diacetate
(H,DCF-DA). An equal number of the wild-type N2
worms was incubated in each NGM agar plate in the
presence of piperine. The worms were exposed to 50 uM
juglone for 2h in a 96-well plate on the 4th day of
adulthood. Five worms were transferred to each well of a
96-well plate containing 50 puL. of M9 buffer. The addition
of 50 uL. of 25 uM H,DCF-DA solution to the each well
resulted in a final concentration of 12.5 uM. Finally,
detection of basal fluorescence was carried out immediately
in a microplate fluorescence reader at 485 nm (excitation)
and 535 nm (emission).

Fluorescence microscopy and visualization — Effect
of piperine on the expression of SOD-3 was determined
using the age-synchronized transgenic strains CF1553,
which contains the green fluorescent protein (GFP)-based
reporters SOD-3::GFP. The GFP fluorescence of the
mutant was directly observed under a fluorescence micro-
scope (Nikon Eclipse Ni-u, Japan), enabling evaluation of
the protein expressions using ImagelJ software.'*!> All the
experiments were carried out in triplicate.

Data analysis — The data obtained from the lifespan
and stress resistance assays were plotted using the Kaplan-
Meier analysis, statistical significance of which was
determined by the log-rank test. The other data are presented
as the mean + standard deviation or standard error of the
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mean (SEM) as indicated. Statistical significance of the
differences between treated and control groups was analyzed
by the one-way analysis of variance (ANOVA).

Results and Discussion

The age-synchronized the wild-type N2 worms were
bred on NGM agar plates with or without various
concentrations of piperine to examine the effect of piperine
under stress condition. The oxidative stress was induced
by 1 mM juglone, and under such condition, the duration
of survival was prolonged upon treatment with piperine
by 20.3+1.4h (28.3%) and 22.6+ 1.4h (42.7%) at 50
UM (p <0.05) and 100 uM (p < 0.001), respectively, relative
to that of the untreated worms (15.8 £ 0.9 h). The maximum
survival time for the control group was 27 h, while for the
piperine-treated group, the time increased to 31 h and 33
h at 50 uM and 100 pM, respectively (Fig. 3, Table 1).

The superoxide dismutase (SOD) and catalase enzymatic
activities were measured spectrophotometrically using
prepared worm homogenates. The spectrophotometric
measurement was carried out to examine the enzymatic
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Fig. 3. Oxidative stress tolerance of piperine was determined
after the nematodes were transferred to 96-well plates containing
1 mM juglone. Statistical differences between the curves were
analyzed by the log-rank test. 4-HBA (4-hydroxybenzoic acid):
positive control.

Table 1. Effects of piperine on the oxidative stress tolerance of C. elegans

Stress condition Fraction Mean Maximum lifespan Change in mean Log-rank
lifespan (h) (h) lifespan (%) test
Control 15.8+0.9 27 - -
ImM 4-HBA 17.9+1.2 28 13.4 -
Juglone 50 uM 203+ 14 31 28.3 *p <0.05
100 uM 22.6+14 33 427 **xp <0.001

Mean lifespan presented as mean + S.E.M. data. Change in mean lifespan compared with control group (%). Statistical significance of the
difference between survival curves was determined by log-rank test using the Kaplan-Meier survival analysis. Differences compared to the
control were considered significant at *p <0.05 and ***p <0.001. 4-HBA (4-hydroxybenzoic acid): positive control.
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Fig. 4. Effects of piperine on the antioxidant enzyme activity of wild type N2 nematodes. (A) SOD activity was shown as a percentage of
superoxide scavenged per control. (B) Catalase activity was expressed as a percentage of decrease in residual H,O, measured by a
spectrophotometric method. Differences compared with the control were considered significant at *p <0.05, **p<0.01, and
***p < 0.001 by the one-way ANOVA. 4-HBA (4-hydroxybenzoic acid): positive control.

A

Control
4-HBA 50 uM
S0uM

100 uM e

EER

ROS level ( % of control )

0 30 60 % 120
Incubation time (min)

1204
—~
I —

N

£ 100 . .
8 1 *k
‘6

80
ES
~
o
D 60
8
4
c 404
[15]
[0}
=

20 T T

Control  4-HBA 50 uM 50 pM 100 uM

Fig. 5. Effects of piperine on the intracellular ROS levels of wild-type N2 nematodes. Intracellular ROS accumulation was examined in a
microplate fluorescence reader at 535 nm (emission) and 485 nm (excitation). (A) Plates were read for 120 min. (B) The average
percentages of intracellular ROS accumulation were presented. Differences compared with the control were considered significant at
*p <0.05, **p <0.01, and ***p <0.001 by the one-way ANOVA. 4-HBA (4-hydroxybenzoic acid): positive control.

activities of SOD and catalase, using the worm homogenates.
The resulting data presented that SOD and catalase acti-
vities of the worms were elevated upon treatment with
100 uM piperine by 123.0+ 3.3 (23.0%, p<0.001) and
133.3 £3.6 (33.3%, p <0.001), respectively, relative to that
of the untreated control worms (Fig. 4).

The ROS levels were measured spectrophotometrically
using H,DCF-DA. As shown in Fig. 5, comparison of
intracellular ROS levels in the piperine-treated worms
with those of untreated controls indicated 88.2+ 0.6
(11.8%, 100 uM, p <0.01) decrease in ROS production
upon treatment.

In order to investigate whether piperine-mediated
increased stress tolerance was due to regulation of stress-
response gene, SOD-3 expression was quantified using
transgenic strain including CF1553. The fusion of the

green fluorescent protein (GFP) to such protein enabled
visualization and quantification of the expression level in
the mutant. The treatment of CF1553 mutant with piperine
increased SOD-3::GFP intensity by 112.9 £5.5 (12.9%, p
<0.01) at 100 uM, relative to that of untreated controls
(Fig. 6).

Our ongoing investigations to discover lifespan-related
antioxidant compounds from natural products led to the
isolation of piperine from P. nigrum as an active principle.
The C. elegans model is a well-established system for
human aging-related research. Treatment of the wild-type
strain N2of C. elegans with piperine under a normal culture
condition showed the positive activities of several anti-
oxidative experiments. In addition, on the basis of the
close relationship reported between oxidative stress
resistance and lifespan,'®!® the effect of piperine on stress
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Fig. 6. Effects of piperine on the expression of SOD-3 (CF1553) was determined using transgenic nematodes. (A) Images of SOD-
3::GFP expressions of CF1553 nematodes in the presence or absence of piperine. (B) The mean GFP-expressing intensity of CF1553
mutants was expressed as mean + S.E.M. of values from 90 worms per each experiment. Data are expressed as the mean + standard
deviation of three independent experiments (N=3). Differences compared with the control were considered significant at *p <0.05 and
**p <0.01 by one-way ANOVA. 4-HBA (4-hydroxybenzoic acid): positive control.

resistance of the N2 nematode was evaluated under oxi-
dative stress condition. Application of the oxidative stress
significantly decreased the average lifespan of the worms,
but the addition of piperine displayed elevation of the
reduced lifespan in a dose-dependent manner. To elucidate
the antioxidant effect of piperine in C. elegans, scavenging
activity of antioxidant enzymes that affect free radical/
ROS levels was examined in relation to the observed
increase in oxidative stress resistance upon treatment. In
C. elegans, piperine intake induced dose-dependent increase
in the activity levels of the two endogenous antioxidant
enzymes SOD and catalase.’®*! Also, the intracellular
ROS levels of the N2 worms were measured, showing
dose-dependent reduction in ROS accumulation by the
piperine treatment. In addition, expression level of the
stress resistance proteins SOD-3 was determined in trans-
genic strains using green fluorescent protein (GFP)-based
reporter. Higher fluorescence intensity was observed
when the transgenic worm was grown in the presence of
piperine, indicating that piperine induced SOD-3 expression.
To sum up, chemical investigation of P. nigrum led to the
isolation of the active metabolite, piperine which showed
antioxidant effect in C. elegans. Our further effort to
elucidate the mechanism of such action suggested that
oxidative stress tolerance of C. elegans was increased
upon treatment with piperine via enzyme induction. In
addition, expression of the protein SOD-3 was induced by
the piperine treatment in the transgenic strains of C.

elegans, supporting the proposed mechanism.

In vitro, antioxidant activity of piperine such as quenching
or inhibiting free radicals, hydroxyl radicals and ROS was
reported.” In addition, according to the recent study using
a cultured human peripheral blood lymphocytes, piperine
showed antioxidative effect against cadmium-induced
oxidative stress.”” And Umar et al. reported that piperine
ameliorates oxidative stress and inflammation in collagen
induced arthritis.** These previous findings are consistent
with our results based on the effect on piperine in C.
elegns, providing insight into the development of
antioxidants related to aging.
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